0. 0. APP,

EXCAVATING MACHINE.
APPLICATION FILED MAR, 15, 1917.

Patented Nov. 5, 1918.

1,283,618.

5 SHEETS—~SHEET 1.

LZ
‘ £
22 Py s
N
2 (RL__Z) P, B_EB B __F</R &_F
= i | g © 00 O v © 00 O [c o0 o] _ \_oo.ao_g ._Wo%o_ =
Slo 0 © ‘Nﬂ . 6 0 1=
= P2 O T _ KO%F B ,,
2z =< ~ N AN DY A
\\ ; 7 ol : 77, — ) 2 \i\\h‘. = , «Mo : o
IR dll == FFE=A Yerg ” = | =
\ @@ Q | ..
7 RN AT
a2 R ! AN g aft
A2, N : f - " " N.\%‘ \Zw
D T2z . — L q
O,\.\ m[l = — 0 #
0 . i
O . o] 9 i
L2 E= ="
Za

e

L M& R_ﬂ - \.
{ o
cs

4 Qw\ﬂ




0. 0. APP.

EXCAVATING MACHINE.
APPLICATION FILED MAR. 15, 1917,

Patented Nov, 5, 1918,

5 SHEETS—SHEET 2.

1,283,618.

ISEER
o
£L M //w/
Z£E ; 53
2¢ <4 s S
=%
Vi , . ‘
o Z7 by .
>
//,/// RS =B > RN //y/h//.,//\//,,.VVV/// s //0/\\ ///\/, N < BESSY ) NI A s
ﬂ«/ \N\‘\M%\%\\ \V\// ///\\ \;\\A« ////\//.\W/ \\V///%V, AL s i LM /V\\N\\\\ﬁm}%/// \\\\A\\\ S
2 s S S 5 N\ D SOOI R RN 2256 R Y
IRt B s w5 4
N 22
N/ .
N .N?...;.:%'.ll.ﬂ /M
%ﬂ/m .nawf\m//ﬂ/; » . 22 <3 Py 2/ S
ha=r O [ —l : | /%% — — — Yl m — — _.me\_
. ,Mwm..m. ﬂmﬂ.s\\_\mul E ! = 1 1 = G i i ]
VPO | 2| ] e lm (822
VA |
M., W or ; =S iNE o o g A
M\\ - o [ . %M_L e=Tht" Q) [a) [») = _ullm g 'D’v “k \\Qw

S
LA

23 = il =2 =N o 2

(u]

*
AN

=
2

i

g .
o =i, e
Il 17, e [ i

= @ME : ~

NN 2 T i

< , . 4
= \\\\ > T . . 0’ - . B . . - - %\

) =v_ ) s
M/\u\\ﬂ%@ oZ { ,.

I\

0

N S S A M NSNS ST e S
\// M) &0 K2 > > \AN/// \/%% A\\///\\ﬁ/ﬁ/,/ =z A..///\\ Z2

A P2 5o ) R0 SN \\\\\A@/ S SSSs<=E=E v AVN\ //M/ <

MAN/A\ANV N \,W\\\\\\\V\AWW %\,\.(A\\\\\}%A/A\/AA/ \/\AMVV //\\VWV\AA%\A/O\»/\AV\/\/VVW\,/A/M/N/ /\AA/// /u//A\/\/\/G)/ ////A~\\V\\\// RANSE 1\vwm\\ /\AA\.A/A/ 2Z >

£ 2E225

/\ /)
9/}\
N
&



1,283,618,

0. 0. APP,
EXCAVATING MACHINE,
APPLICATION FILED. MAR. 15, 1917,

Patented Nov. 5, 1918..,

5 SHEETS—SHEET 3.

By S

OCcer
Sttormey

‘ sl §‘\\Q\\\\\\\\ <
F 6. > 2220 ING,
4 ‘9_' //\\\\ N K \‘\@\\\\\/\/// ”
< < //\>>>>?\//§
P é "\
N NN
S NNAZa
< i N\
A g i .
< i \’/// .
£§ | \N
: N2
S\/ \\\i\\
S 27 \V/
P 33 Vi
7 \
.
__ L] = NN
§ so 0 25 A
y Q oot S 70 N
70 <
p AY
7 \
I [ A
T Y © S i
\\> - 2 Y
N 7 / AY N
| \\ ;o Vi
N e =N N 3
2 N\
ﬁ/ = ' o
N 65+ i | 5 S
2 I~ = j 0
N 1 | - N\ - 70
R J - \\\\\
N ‘i 7 S
4 == 5.~ [ /4
\/ . %
N N
AN /\ Q \§\
%\ 2L
™ - N
¥ . =
SIS - 22>
N DR NN



0. 0. APP,
EXCAVATING MACHINE,
APPLICATION FILED MAR. 15, 1917, -

1,283,618, : “ Patented Nov. 5, 1918.

- 5 SHEETS—SHEET 4.

NN
S

«\_ W,\ >_|' |
N/ /., )
// "Q/f

e, A4 7
é \\\\\ \\‘1
PN

% oo O %iwwt%
= . 70 , By b Qttormeys |



0. 0. APP,
EXCAVATING MACHINE,
APPLICATION FILED MAR. 15,1917,

Patented Nov, 5, 1918,

5 SHEETS—SHEET 5.

757

757

737

WITNESSES : INVENTOR.

. g N \
2 S §a¢u 0. Zhs.
. BY .
Y ATTORNEYS.



10

15

20

25

30

UNITED STATES PATENT OFFICE.

OLIVER OSCAR APP, OF NEW YORK, N. Y.

EXCAVATING-MACHINE.

1,283,618.

Speciﬁéation of Letters Patent.

Patented Nov. 5, 1918.

Application filed March 15, 1917. Serial No. 154,969.

To all whom it May concern.

Be it known that I, Ourver O. Aep, a citi- -

zen of the United States, residing at the.

city of New York, in the borough of Man-
hattan and State of New York, have in-
vented certain new and useful Improve-
mentsin Excavating-Machines, of which the
following is a full, clear, and exact descrip-
tion.

This invention relates to machines for ex-
cavating rock, coal, metalliferous ores and
like hard substances, and more particularly
to machines having a head which carries a
plurality of power actuated implements,
each consisting of a cutting tool and a power
driven hammer for striking the tool. The
tools are mounted upon the head, which

may either be rotatable, oscillatory or.fixed

to the frame, and are in each instance ar-

ranged so thait each tool is at an angle to-

the- work, and when struck by the hammer
the impact of the blow will chip away the
material, '

"The primary object of the invention is to
provide a machine of this character in which
there is a definite relation between each
hanimer and its cutting tool, 4. e., the cutting
tool of ‘each implement will be in firm con-
tact with the rock before it is struck by the
power driven hammer. :

It has been found that when a cutting tool

* is utilized, which is not in firm contact with
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the work before it is struck by the hammer,
the force of the blow delivered to the tool
by the hammer will be partially dissipated
in the tool itself instead of being entirely
transmitted through the tool to the material
to be cut, thereby lessening to a material
extent the effective force of the blow. More-
over. when the tool is struck without being
in firm engagement with the work, it
rapidly erystallizes and is destroyed under
the tremendous strains to which it is sub-
jected. - Furthermore, the hammer is then
liable to drive the tool from its holder, strike
against the hammer case and irreparably de-
stroy the parts of the implement.

The failure of a cutting tool of a power

driven implement of the hammer type, to.

seat firmly against the work before a blow
of the hammer can be delivered has been
found to be due to several causes. If the
cutting tools are fixedly. mounted upon the

head, then as the head advances, ¢ach of the
tools will- have a corresponding advance,
but the amount of cutting done,by each tool
is irregular, due to the varying hardness of

material encountered, and other conditions.

Paths of varying thickness will therefore be
cut in the work, and the tools which chip
away large pieces of the material will be

prevented from seating by the tools which

cut a lesser amount of the material.
It has thérefore been proposed to mov-

ably mount the tool upon the head to over-

come this objection. -Such a construction is
disclosed in the patent to Proctor, No.
1,201,097, granted October 16, 1916.. Here
again, however, it has been found that
merely mounting the tool for movement, is
not sufficient since it need not be in firm
contact with the rock when the tool is struck
by the hammer. The result has been that
the tools have been rapidly destroyed and
the force of the blow dissipated. One
reason why the movable tool will not seat
firmly against the rock before the hammer
strikes it is due to the. rebound of the tool

after being struck by the hammer. If has

also been found, when the tool is mounted-

upon 2 rotating head’ whose axis is longi-
tudinal to the machine, that upon. the up
revolution of such a head or hammer the

“cutting tool drops by gravity away from the

work and when the hammer strikes the same

the force of the blow is, as before, dissipated

in the cutting tool rather than being im-
parted directly to the rock itself. :

. It is the fundamental purpose of this in-
‘vention to overcome these objections and to

produce in a rock tunneling machine, a ve-
lation between the cutting tool and the ham-
mer, which will permit the cutting tool.to
be in firm contact with the material to be
cut each time the hammer strikes a blow,
so that the entire force of the blow will
be imparted directly to the operation of
chipping or cutting the rock and not be dis-
sipated in any sense in the cutting tool itself.
The result has been that the tools do not
crystallize and will cut many feet of réck
without resharpening. .
It is also the object of the invention to

provide a relation between the action of the’

hammer and the cutting tool so that if the
eutting tool is out of firm contact with the
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rock, then the hammer will be stopped from
operating before it can deliver a blow
against the catting tool or its holder. In
this manner, any danger of the parts of the
machine becoming broken is substantially
eliminated.

It is also the object of the invention to
provide a construction which will permit
the tool to rebound under the blow which it
receives from the hammer and yet firmly
seat before another blow can be struck by
the hammer. '

Tt is a further object of the invention to
provide a construction in which the strength
of the blow delivered by the hammer upon
the cutting tool will be entirely dependent
upon the character and quality of rock to be
chipped; in other words, to provide a tool
which, if the material is soft. will strike a
relatively light blow, and if the material 1s
hard, will strike a blow of full force, blows
of other strengths being struck by the ham-
mer under intermediate conditions.

Still another object of the invention is to
provide a construction which will eliminate
to an appreciable degree the grinding ac-
tion which would occur between the cutting
edge of the tool and the material to be cut.
"~ A further object of the invention is to pro-

vide a rock excavating machine in which

each of the objects previously set forth is ob-
tained for each individual hammer, acting
independently of all of the other hammers
and performing its functions in accordance

5 with the particular character of material

which it is to cut.

Other objects of the invention will be ap-
parent from the detailed description herein-
after to follow, and with these and such ob-
jects in view, the invention consists of the

“constructions and combinations which will

be hereinafter set forth and particularly
pointed out in the appended claims.

In the accompanying drawings, one em-
bodiment of the invention is shown, which

comprises a head for the power actuated cut-

ting- tools, which head rotates upon a hori-
zontal axis parallel to the longitudinal axis
of the machine, but it is not the intention to
limit the invention to this particular tvpe of
head, since it is equally applicable to exca-

_vating machines rotatable upon the hori-

55
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Zontal axis transverse to the longitudinal
axis of the machine, to a machine having an
oscillating head or to one in which the head
is fixedly mounted upon the frame.

In the accompanying drawings

Tigure 1 shows a side elevation of a ma-
chine constructed in accordance with the
principles of the invention;

Fig. 1 is a transverse section through the
main shaft;

Fig. 2 is a detail of the gearing for ad-
vancing the frame which carries the head;

1,283,818

Fig. 3, a top plan view of the machine;

Figs. 4 and 5, details of a split-box con-
struction utilized in advancing the rear car-
riage of the frame; .

Fig. 6, a rear end elevation of the ma-
chine;

Fig. 7, a front end elevation of the ma-
chine;

Fig. 8, a sectional view through one of the
power actuated implements.

Figs. 9, 10 and 11, transverse sections
through such an implement, upon the lines
9—9, 10—10 and 11—11, respectively;

Fig. 12, a front end clevation of the im-
plement;

Fig. 13, a sectional view showing a detail
of the control valve for the implement; and

Fig. 14, a conventional showing of one of
the tools and to illustrate the angle at which
the material is attacked.

The machine illustrated consists of a hol-
low, rotary main shaft 1. a cross scction of
which is shown in Fig. 150 This main shaft
is supported adjacent its rear end in a bear-
ing 3 carried by a carriage 4 mounted upon
wheels 5. The carriage 4 is adapted to be
locked to the walls of the tunnel by means of
a screw jack 6 positioned at the top thereof.
The wheels 5 are mounted upon axles T,
which are carried by plates 8 slidably mount-
ed in gunides 9 secured to the sides of the
carriage 4. A screw 10 carried by the car-
riage at each side thereof bears against the
plates 8. By turning these screws the height
of the carriage, and hence the main shaft 1,
may be adjusted. In this manner the angle

at which the tunnel is cut may be varied. for

by changing the angular position of the shaft
1. the angle of the head, which will be here-
after deseribed, will also be varied. The
front end of the shaft 1 is supported in bear-
ings 15 and 15’, which are carried by the
front carriage 16. This carriage is also mov-
ably mounted upon wheels 17, which wheels,
with the wheels 5, preferably move upon
rails 18. .

Attached to the front end of the main
shaft is a head 19, which head ecarries four
arms 20, arranged at right angles to each
other, the arms being rigidly connected to
the main shaft so that a head of great

strength 1s obtained: These arms 20 carry -

power driven implements for cutting or chip-
ping the rock, which, in the present instance,
comprise pneumatic rock drills of the ham-
mer type. These rock drills are designated
21 and their specific construction will be
hereinafter set forth.

Mounted upon the front carrviage 16 is an
engine, which, in the form disclosed. is a
compressed air engine 25, which drives a
main shaft 26. This main shaft is through
gears 27 and 28 connected to a shaft 29 which
carries a worm driving a worm wheel 30
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mounted upon the main shaft 1. The driv-

" ing relation between the gears 27 and 28 is
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controlled by a clutch 32.

* The other end of the main shaft 26 of the
air engine carries a sprocket wheel 33 which
drives a sprocket wheel 34 by means of a
chain 85, thie connection between the sprocket
wheel 83 and the shaft 26 being controlled
by a clutch 86. The sprocket wheel 34 is
mountéd upon a shaft 37, which is shown in
detail in Fig. 2. This shaft carries a beveled
gear 38 meshing with a corresponding gear
39 mounted upon a shaft 40 extending longi-
tudinally to the rear of the machine, which
shaft carries a worm 41 mouited in suitable
bearings.in the rear carriage 4 of the frame.
This worm 41 drives a worm wheel 42 .which
is mounted upon the axle7in the rear wheels
5 of the machine (see Fig. 6). Therefore,
by the throwing in and out of the cluteh 36,
the rear carriage when free may be advanced

-along the rails 18.

The main shaft 1 carries at a point posi-
tioned just in front of the rear carriage 4, an
annular gear 43 which meshes with the gears
44 and 45 carried by shafts 46 and 47, re-
spectively. The shafts 46 and 47 are parallel
to the main shaft 1 and are mounted at their
front ends in suitable bearings in the front
carriage 16 of the frame. The rear ends of
these two shafts are threaded, as at 48, and
49, and each shaft fits into an interiorly

‘threaded split box carried by the rear car-
riage 4, consisting of two parts 50 and 51, .

which are mounted against rotary movement
in slides 52 and 58 (see Fig. 5). The parts
50 and 51 are moved toward and away from
each other by means of an arm 54 which has
a head or ring 55 loosely surrounding the
threaded shaft 49, which ring has cam slots
56 formed therein. Bolts or pins carried by
the sliding pieces 50 and 51 fit into these cam
slotsand are held in position by nuts 57, so
that upon movement of the arin 54, the picces

50 and 51 of the box may be brought to-

gether or moved apart. When brought to-
gether they engage the threaded shafts 48

“and 49 and when forced apart, permit these

50

55

shafts to pass freely.

The front ends of the shafts 46 and 47 R

abut against parts of the front carrviage 16,
so that when the main shaft 1 is rotated, ini-
parting rotation to the shafts 46 and 47, the
threaded portions of these shafts 48 and 49
rotate in the split boxes 50 and 51 carried by
the rear carriage 4, which is locked to the
walls of the tunnel. The shafts 46 and 47,

- therefore, move forwardly, which movement

60

is imparted to the front carriage 16 and to
the headl 19 of the machine to advance the
power driven implements into engagement
with the face of the rock to be cut:

After the front carriage and head have
been advanced a predetermined distance. de-

8

pending upon the length of the threaded

65

portions 48 and 49 of the shafts, the arms 54

which are connected together by a link 60
are then moved to open the split boxes. The
rear carriage 4 is then released from locking
engagement with the walls of the tunnel by
unscrewing the jack 6. ¥The clutch 86 can
then be thrown in to rotate the shaft 37,
which, through the shaft 40 and worm wheel
42, will cause a rotation of the wheels 5. to
carry the rear earriage 4 forwardly until the
rear carriage is adjacent the gears 43, 44 and
45. The arms 54 are then moved to close the
split boxes against the threaded ends 48 and
49 and the rear carriage locked to the walls
of the casing so that on further rotation of
the main shaft I, the front carriage 16 and
the head 19, will be advanced, as has been
previously described. - .

To remove the muck or fragments of rock
which are cut or chipped from the face of

* the rock, shovels 60 ave provided, only one

of which shovels is shown in Fig. 7 of the
drawings. These shovels are carried by the

‘head of the machine and scoop up- theé muck

or chippings which drop to the bottom of the
timnel and deposit them in a-hopper 61 po-
sitioned beneath the front carriage 16. This
hopper is provided at its front end with a
face plate 62, against which the rear edge of
the shovel rests, so that the muck will not
be dropped from the shovel but will be car-
ried upwardly and deposited into the hop-
per. The material deposite.l in the hopper
12 fed toa conveyer belt 64, which is suit-
ably supporteéd by idlers 65 at intermediate
positions, and at its ends by wheels 66 and
G6”.  This conveyer may be driven by at-
taching a motor to the rear wheel 66”, or in
any other desired manner. '

From.the description of the machine as
so far explained, it is apparent that by suit-
ably operating the clutches 82, 36, and. the
arm 54, the head of the machine may be
rotated and advanced forwardly continu-
cusly. for a predetermined distance, after
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which the rear carriage + is brought for- .

_wardly and the operation is continued. This

simaltancous forward and rotary movement

of the head is tmparted to the rock cutting
Implements 21, which arve earvied thereby
end as the machine operates these imple-
ments cut concentric paths in the face of the
rack, as will be later deseribed, which paths
ave of increasing diameter and hence, upon
each rotation of the head the tunnel is ad-
vanced a determined " ainount,. depending
upon the piteh of the serews 48 and 49,
Referring now more particularly to the
rock cutting implements which are mounted
epon the rotating head. in the embodiment
sliown, 16 of these implements are provided
which are of the same construction, four
being mounted upon each arm, the outei im-
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plements on the arms being preferably
slanted, as shown, to cut a clearance for the
wtichine and the ends of the arms of the
Lead. The specific construction of these im-
plements is clearly shown in.Figs. 8 to 13,
ioclusive,  These power actuated imple-
nments are pneumatically operated rock drills
of the hammer type, the compressed air for
the same being admitted through a pipe 70
which connects to the rear end of the hollow
main shaft 1, air being supplied to the sep-
arate implements through pipes 71 carried
by the head. Flexible pipes 72 distribute
the air from the pipes 71 to each of the im-
plements, the flexible pipes being connected
to a pipe 73 which conducts the air to the
implement (see Fig. 8). . .

The casing or cylinder 81 of the imple-
ment is open at both ends and has its rear
end closed by a head 82, which is provided
with a flange 83 which fits against the rear
arnular end face of the casing and is main-
tained In place by a set screw 84, which is
threaded into a cap 85. This cap 85 has
stitable exhaust openings 85" thercin and is
threaded over the rear end »f the casing 81.
Slidably mounted within the open casing 81
is a solid differential piston or hammer,
which is cylindrical in form and comprises
two heads 90 and 91 of different diameters,
which are joined together by a shoulder 93.
The interior of the casing 81 comprises two
cylindrical interior surfaces 94 and 95
which are of a suitable diameter to permii

the heads 90 and 91 to have a sliding fit -

therein, these surfaces being joined together
by an annular shoulder 96. ‘

Mounted in the front end of the casing
or cylinder 81 is a bushing 97 and slidably
mounted within this bushing 1s a tool holder
99, which is preferably cylindrical for the
major portion of its length, but is squared
at its rear end 100, which squared end passes
through an aperture in the bushing 97. A
pin 101 prevents the sliding tool holder
from being inadvertently displaced from the
bushing, which pin is held in position by a
resilient band 103 surroundng the casing 81.
The front end of the teol holder is provided
with a square recess, into which the cutting
tool or chisel 105 is adapted to £,

Ajr is admitted to the chamber which is
designated a, and which is formed to the
front of the shoulder 93 of the hammer
through a port 110, which port is controlled
by a valve mechanism, which will now be
described. The curved peripheral surface of
the casing above the port 110 is cut away,
as at 112, to provide a flat seat upon which
a valve chest 113 is mounted. The main
reservoir chamber of the valve chest is shown
‘2t ¢ and positioned below this chamber is a
slide valve 115, which rests directly upon
the seat 112. A port 118 is provided in this

1,283,818

valve, which is adapted to register with the
port 110 when the valve is in open position.
The fluid pressure is admitted to the cham-
ber ¢ of the valve chest through the pipe 73,
which, as before described, is connected to
one of the flexible conduits 72. Leading
rearwardly from the chamber ¢ is a conduit
120, which is enlarged at its rear end, as at
121, and extends downwardly to expose th
rear end of the slide valve. o
A rod 123, which slides loosely in a pas-
sage formed in the top wall of the casing
81, abuts at its front end against an annular
flange 106 carried by the tool holder-and at
its rear end against the front face of the
slide valve. The front face of this valve,
contrary to the rear face, is in this manner
connected to the atmosphere through the
passage provided for the rod 123, so that at
all times while the air pressure is being ad-
mitted through the pipe 73, the valve 115 is
unbalanced and is urged forwardly by the
pressure against its rear face.
Longitudinally disposed inlet conduits 130
are drilled in the side walls of the casing.
These conduits have inlet openings 131 and
outlet openings 132, the outlet openings 132
being spaced from the head 82 a sufficient
distance to provide a trapping chamber 133
in which the compressed air admitted
through the outlets 132 is compressed upon
the rear movement of the hammer. Also
formed in the walls of the casing are exhaust

conduits, one set of which is designated 137,

which conduits lead inte the. cylinder
through ports 188, which are positioned ad-
jacent the rear end of the tool holder. Other
ports 139 also connect these conduits to the
rear chamber of the cylinder, and in Fig. 8
these ports are positioned just to the rear
end of the hammer. The exhaust ports 137
extend to the rear end of the casing ‘where
the exhaust air escapes into the cap 85 and
is exhausted through the openings 85’. An-
other set of exhaust conduits 141 may be uti-
lized, which are arranged adjacent the top
of the casing at the rear end thereof, which
conduits have ports 142 arranged in radial
alinement with the ports 189. The conduits
141 2350 lead to the rear end of the casing
and the air therein escapes through the ex-
haust ports 85’ in the cap 85. A trapping
or cushioning chamber 145 may also bs
formed by extending the walls of the cham-
ber to the front of the port 110. The opera-
tion of the machine is as follows: Assuming
that the air engine has been supplied with
air and the machine brought into close prox-
imity to the face of the material to be cut,
and that the line pressure has been turned
on so that it passes through the main shaft 1
to the chamber ¢ of each of the power driven
implements, and assuming that the tools 105
of each of these implements is free from
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the face of the work, the fluid pressure be-
hind the slide valve 115 of each of the imple-

ments will force the slide valve 121 for-.

wardly, which forward movement of the
slide valve will, through the rod 123, be im-

parted to the tool holder and tool 105. The.

forward movement of the slide: valve will
also close the port 110 and the hammer with-
in the cylinder or casing of each of the im-
plements will remain inactive, with each of
the tools 105 held in its outermost position,
which is limited by the pin 101. Assuming
now that the head is rotated and simultane-
ously advances, the action of each of the
tools as it comes in contact with the rock, is
similar but independent of each of the others,
so that the action of one of these tools alone
will be described. : ‘
As the head is further advanced the tool
105 will engage the rock and it will, together
with the tool holder 99, be forced rear-
wardly, pressing the valve 115 also rear-
wardly to open the port 110, which will ad-
mit fluid pressure to the chamber a. In the
position of the hammer shown in Fig. 8, the
chamber formed to the rear thereof is open

‘to the atmosphere so that the pressure of the

air in the space or chamber @ against the

~ shoulder 93, will force the hammer rear-
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wardly at a considerable speed, as the ham-
mer approaches its rearmost position, the
shoulder 18 passes beyond the inlet ports 131
of the inlet conduits 180, which will admit

fluid pressure to the space behind the rear
end of.the piston, a portion of which fluid"

pressure, due to the momentum of the ham-
mer will be trapped within the compressing
chamber 133 and compressed to a pressure
above the normal line pressure. The ham-

mer then starts forwardly and as the end of -
the piston uncoyers the ports 182 line pres-

sure is admitted to the cylinder behind the
hammer, which will drive the hammer for-
wardly at high speed, since the space in
front of the front end of the cylinder is
open to exhaust. The line pressure is con-
tinued to be admitted to the hammer until
the shoulder 93 covers the inlet ports 131 of
the inlet conduits 130, after which time the
hammer will continue its forward stroke, un-
der its own momentum and the expansive
force of the air, until it strikes the end of
the tool holder, with great force, which blow
will be conducted through the tool holder
and tool 105 to the rock, resulting in chip-
ping off a piece of the same. During this
forward movement of the piston the pressure
exerted upon the tool holder and. tool 105
to move it forwardly-as described, will cause
the tool to remain in firm contact with the
work so that at the instant the hammer
strikes the tool holder the tool 105 is in firm
contact with the rock and the entire force of
this blow is imparted to the rock and the

11,283,618

cutting edge of the tool will be driven with
great force against the work, the impact of
the blow being sufficient to chip away a por-
tion of the work. in front of the tool.
Assuming that only a small piece of rock
has been chipped away, the tool will first
rebound under the force of the blow im-
parted to it and will then move forwardly
by virtue of the pressure exerted by the un-
balanced slide valve through the rod 123,
until it again seats against the rock. And
assuming that this forward movement of the
tool is compensated for by the siinultaneous
advance of the head, due to both its rotary
and longitudinal advancement, the valve wiil
then remain wide open, and since the cham-
ber to the rear of the hammer is at exhaust,
the pressure of the air against the annular
shoulder 93 of the hammer will move the
same rearwardly and its forward movement

- will result, as previously described, to strike

the tool holder and tool another blow. This
action is continuous as long as the advarice-
ment of the head equals the amount of mate-
rial cut and each of the hammers continues
to operate, rapidly striking blows of full
strength against the tool. Such an action
would occur where the excavating ‘machine
is operating in hard material of uniform
quality. It should be noted that thé contact

between the cutting tool and the rock is not-

continuous, due to the rebound of the tool
when struck by the hammer, and for this
reason . the grinding action upon the edge
of the tool, due to its being moved over the
rough surface of the material cut, will be
eliminated to an appreciable extent. This is
true because the pressure urging the tool
forwardly is.so controlled by a proper de-
sign of the slide valve, that it is not equal
to the force tending to cause the tool to re-
bound from the hard material when struck
by the hammer. On the other hand, if the

parts were ‘so designed that this outward

pressureé on the tool was greater than the
force causing a rebound to the tool, the tool
would ‘then remain in constant contact with
the hard material, and upon rotation of the
head the cutting edge of the tool would be

ground upon the rough surface so that in a

comparatively short time the effectiveness of
the tool would be destroyed, requiring its re-
placement with a new tool. o
Assuming that .the character of rock in
which the tool is cutting a path is not of
uniform:_hardness, and that the tool 105
at a point in its travel chips off a relatively
large piece of material, and the pressure on

the point of the tool is released. As before

described, as soon as this pressure is released
the unbalanced pressure upon.the valve and
tool will cause the latter to move forwardly
and if it does not -again come in contact

with the material it will' move to the limit of .
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its forward movement, which is controlled
by the pin 101. Simultaneously with the
forward movement of the tool, the slide
valve will close the port 110. As soon as
this valve closes, the hammer is prevented
from striking another blow against the tool
holder until the valve is again opened, since
with the closing of this valve a cushion
chamber is formed to the front of the annu-
lar shoulder 93 of the hammer. The cham-
ber a forms a part of this cushioning cham-
ber, and as the hammer moves forwardly
the air within this chamber will be com-
pressed to a degree much higher than the
line pressure, which compression increases
until it equals the pressure urging the ham-
mer forwardly, at which time the forward
movement of the hammer will stop and the
balanced forces upon the hammer will pre-
vent its further movement until the slide
valve is again opened. It might here be
stated that during the normal operation of
the hammer, the air in the chamber « is
forced back into the line through the open
slide valve. This action will to a certain
extent retard the forward movement of the
hammer. However, the retardation is not
sufficient to impair the effectiveness of the
blow delivered by the hammer, since the area
of the rear face of the hammer is much
greater than that of the annular shoulder 93.
As the head continues to advance, the tool
will remain in its outermost position until
it again comes in contact with the work and
any further advancement of the head will
force the tool 105 rearwardly. Initially this
rearward movement of the tool is slight but
will be sufficient to partially open the slide
valve and the hammer will commence to
operate as before described. However, if
the slide valve is only partially opened the
volume of air which 1s admitted to the rear
of the piston to drive it forwardly. is less
than in a full open position of the valve
and a blow of full force will not be delivered
by the hammer since the air pressure tend-
ing to drive the hammer forwardly is less.
Moreover, since the velocity of the hammer
depends upon the pressure of the air, the
rapidity with which the hammer will strike
the tool is lessened. - As for example, it has
been found that when the slide valve is only
partially open the number of blows which
will be delivered by the hammer is reduced
to 100 per minute, whereas with the valve
in its full open position, as many as from
700 to 800 blows are struck within the same
period of tinie. If the material in front of
the tool is relatively hard, this light blow
may not be suflicient to chip off a piece and
the continued advancement of the head will
vause a further rearward movement of the
tool. thereby increasing the opening of the
shide valve, This will continue if the mate-
vial does not give away under the blows of

1,988,818

the hammer until the tool is moved rear-
wardly to a position in which the slide valve
is in its fully open position, when blows
of full strength will be rapidly imparted to
the cutting tool to chip away the rock or
other material. It will therefore be seen
that the action of the tool is dependent upon
the character of the material to be cut, that
1g, if the material is relatively soft only
light blows are delivered against the cutting
tool at a relatively low rate, but if the mate-
rial is hard these blows increase both in
strength and rapidity until the material
is chipped away. There is, therefore, a
particular codperation between the advanc-
ing head and the tool controlled valve
mechanism described, since these parts co-
operate to determine the character of blow
which will be struck to chip away the ma-
terial.

The action of each of the tools upon the ro-
tating head is similar, and while each of the
tools is independent in its operation of each
of the other tools, nevertheless each of the
tools controls the quantity of the material
cut by the other tools within limits. To ex-
plain, let us assume that the face of the ma-
terial to be cut is of a non-uniform character
and that some of the tools are encountering
hard material while other of the tools arce en-
countering soft material, the tools which en-
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counter the soft material will cut away the -

material in relafively large pieces and after

a plece ol the muaterial has been chipped .

away the tool will then cease to operate until
1t is again firmly seated against the rock.
The other tools which are encountering the
hard mateérial will act continuously to cut

-away the material in relatively small pieces

and will continue to act with their fuil
strength,  These tools govern the advance of
the head and the tools which are doing the
lighter work can not seat and again operate
until the tools which are encountering the
havder material will have ent the amount
of material required to keep the face of the
work stibstantinlly uniform. Tt will there-
fore be scen thot sinee each of the tools has
i determined amount of material to cut in
order to advance the head, these tools can
either eot this material by a continuous op-
cration or by an intermittent operation, but
all of the tools will nevertheless keep pace
with cach other,

Various ramifications and modifications of
the illustrative embodiment of the invention
shown may he made withont departing from
the spirit of the invention, the scope of
which 1s particularly pointed out in the ap-
pended claims.

Ielaim:

1. In uan excavating machine, a head. a
plurality of tools and power actuated ham-
mers for striking said tools carried by said
head, means for moving said head to advance
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said tools across the face of the material to
be cut, each of said tools having a limited
movement independent of said head toward
and away from the material to be cut, and

means for urging cach of said tools foward -

its outward limit.
2. In an excavating machine, a head, a
plurality of tools and power actuated ham-

mers for striking said tools carried by said

head, each of said tools having a limited
movement independent of said head toward
and away from the material‘to be cut, said
tools being mounted on said head inclined to
the face of the material to be cut, means for
moving said head to advance the tools across
the face of the material to be cut, and means

for urging each of said tools toward the limit

of its outward movement.. »

3. In an excavating machine, .a head, a
plurality of tools and power actuated ham-
mers for striking said tools carried by said
head, means for moving said head to advance
said tools across the face of the material to

‘be cut, each of said tools having a limited

movement independent of said head toward
and away from the material to be cut, and

fluid pressure actuated means for urging

. each of said tools toward its outward limit.
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4. In an excavating machine, a head, a
plurality of tools and power actuated ham-
mers for striking said tools carried by said
head, each of said tools having a limited

movement. independent of said head toward

and away from the material to be cut, said

tools being mounted on said head inclined to
‘the face of the material to be cut, means

for moving said head in advance of the tools
across the face of the material to be cut, and

“fluid pressure actuated means for urging

each of said tools roward the limit of its out-
ward movement. '
5. In an excavating machine, a head, a

Elurality of tools and fluid pressure actuated

ammers for striking said tools carried by
said head, means for moving said head to
advance said tools across the face of the ma-
terial to be.cut, ¢ach of said tools having a
limited movement independent of said head
toward and away from the material to be
cut, and means for urging cach of said tools
toward its outward limit.

6. In an’ excavating machine, a head, a
plurality of tools and fluid pressure actu-

- ated hammers for striking said tools carried

by said head, each of said tools having a

limited movement independent of said head. .

toward and away from the material to be

" cut, said tools being mounted on said head

60

66 7. In an excavating machine, a head, a

inclined to the face of the material to be cut
means for moving said head in advance of
the tools across the face of the material to
be cut, and means for urging each of said
tools toward the limit of its outward move-
ment. ' ’

" which it encounters. .

7

plurality of tools and fluid pressure actu- -

ated hammers for striking said tools carried
by said head, means for moving said head to
advance said tools across the face of the ma-
tevial to be cut, each of said tools having a

- limited movement independent of said head

toward and away from the material to be
cut, and fluid pressure actuated means for
urging each of said tools toward its outward
limit. B

8. In an excava_tin%

machine, a head, a
plurality of tools and

uid pressure actuated

hammers for striking said tools carried: by
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said head, each of said tools having a lim- . -

ited movement independent of said head to-
ward and away from the material to be cut,

80

said tools being mounted on said head in-

clined to the face of the material to be cut,
means for moving said head in advance of
the tools across the face of the material to
be cut, and fluid pressure actuated means for

urging each of said tools toward the limit

of its outward movement. :
9. In an excavating machine, a head, a

‘plurality of tools and power actuated ham-

mers for striking said tools carried by said

head, said tools being inclined to the face.

of the material to be cut, means for moving
said head to advance said tools.across the
face of the material to be cut, and means for

- automatically varying the strength of the
“blows delivered by each of the hammers in

accordance with the resistance which. it en-
counters. ' ' _
10. In an excavating machine, a head, a
plurality of tools and power actnated ham-
mers for striking said tools carried by said
head, said tools being inclined to the face

of the material to be cut, means for moving.

said head to advance said tools across the

face of the material to be cut, and means.
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controlled * by the ‘tool for automatically

varying the blows delivered by each of the -

hammers in accordance with the resistance
11. In an excavating machine, a head, a
plurality of tools and power actuated ham-

mers for striking said tools éarried by said .

head, said tools being inclined to the face of
the material to be cut, means for moving
said head to advance said tools across the
face of the material to be cut, each of said
tools having a limited movement independ-
ent of saidiead toward and away. from the
material to be cut, and means controlled by
the resistance encountered by each of said

“tools for automatically varying the blows of

the hammer against its respective tool.

12. In an excavating machine, a head, a
plurality of tools and power actuated ham-
mers for striking said tools carried by
said head, said tools being inclined to
the face of the material to be cut, means
for moving said head to advance said

tools across the face of the material to be cut,
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each of said tools having a limited move-
ment independent of said head toward and
away from the material to be cut, and means
controlled by the movement of cach of said
tools for automatically varying the strength
and rapidity of the sirokes of each hammer
and the blow delivered by each hammer.

13. In an excavating machine, a hedd a
plurality of tools and fluid pressure actuated
hammers. carried by said head, said tools
being inclined to the face of the material to
be cut, and means for moving said head to
advance sald tools across the face of the
niaterial to be cut, each of said tools having
a limited movement independent of sai
head toward and away from the material to
be cut, means for urging said tools out-
wardly, and means controlled by the inward
movement of said tools for controlling the
supply of fluid pressure to each of the %am—
mers.

14, In an excavating machine, a head, a
plurality of tools and fluid plessure actu-
ated hammers for striking said tools, means
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for moving said head to advance said head
across the face of the material to be cut, each
of said tools having a limited mov ement in-
dependent of said head toward and away
from the face of the material to be cut, and
means controlled by the movement of said
tool to maintain the depth of the paths cut
by each of the tools uniforn: within the limit
of the independent outward movement of
each of the tools. ‘

15. In an excavating machine, a head, a
plurality of tools and power actuated ham-
mers for striking said tools carried by said
head, each of said tools having a lumited
movement toward and away from the mate-
rial to be cut independent of said head, and
means for urging said tools toward the limit
of the outward movement, said means being
of insuificient force to prevent the rebound
of the tools when struck by the hammer.

In witness whereof I subscribe my signa-
ture.
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