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UNITED STATES

HENRY 8. CRAVEN, OF-

Parent OFFICE.

IRVINGTON, NEW YORK.

TUNNELING-MACHINE.

e

SPECIFICATION forming part of Letters Patent No. 307,379, dated October 28, 1884

Application fled Octobiet 23,1883, (No model.)

To all whom it may concern:. S

"'Be it, known that I, HENRY S. ORAVEN, 2

* citizen of the United States, residing at Irving-

" ton, in the county of Westchester and Staté

5 of New York, have invented certain new and

useful Tmprovements in Tunneling-Machines,
of which the following is a specification.

'/ "My improved machine is-designed to effect

the cutting of tunnels through rock or other

* yo hard material with greater facility and expe-

dition than heretofore. ~ It relates tothatclass
of machines which employ a drill or combina-
.. ‘tion of drills constructed to cut or bore an an-
nular groove the full size of the contemplated

15, turnel, or very nearly so; leaving a cylindri-

cal mass of rock at the end of the bore to be
blasted out -bya charge of explosive intro:
. dueced in a central drill-hole.- - - -
~ My machine consists, in general; of a central
ineides with the axis of the tunnel, with means
for rotating it; and with .one or more radial
-arms (preferably three) projecting from-its
~ end and bearing drills -or catting ends which
25 abrade the rock as the arms revolve. « These
drills are préferably caused to rotate on their
" axes, and a’central axial drillis also provided .
‘to drill the hole for the- eharge of ‘explosive.
The entire maching i§ boriie upon a._table or-
carriage which slides upon & -car which is fast-.
ened in place in the tunnel, thi§’ table being
fed forward -ovet-the car as_the catting pro--
ceeds. o .o T
. In.the accompanying drawings,which illus- -
trate my invention, Figure1is aside elevation

v30

35

-giudinal mid-section ‘as .denoted by the linel !
1in'Fig. 2. Fig. 2 is a transverse section of:
* . the machine and -tunhel -cut inthe ‘plane: of |
40 the liné 2 2'in Figs. 1and 3. Fig.'3.is'a ver:"
tical longitudinal section-of the miehine an
“tunne] cnt.in the plame-of the-line 3.3 in'Hig
©-2...Fig.-4 is o transverse section. cut in;the-
__ plane.of the line 4 4 in-Figs.'1 and 3. . .Fig. !
45 is a plan view of  the.end .of-one of. the drill+-
" arms. Fig. € is‘a vertical mid-se e
of cut-along’the 1ind:6. 6 in- Figs. 5.and 7.

'Tig. 7 i§ ‘a front “elevafion : thereqf, partly |

in‘sectionn on the line 7 7in Figs. 5°and 6.’
Fig. 7* is a transverse section thereof.. Fig.8
is a view in'section along the:line 8 8 in Fig.-
. b, and partly broken away back of the plane
_ of the section,. Fig. 9 is‘ar seebional view cor-
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shaft supported in bearings so that its axis cost

of iny machiné, the tunnel’beingshown inion- |

id-section there- |

fication. Fig. 10 is a front elevation of.the
cutting-tool, showing a further modification.

driil-arms shown in Fig. 10, cut along theline
11 11 in Fig. 12, and Fig. 12-is a-plau of -the
drill-armd shown. in Fig, 11.” Figs. 5, 6, 7,8,

-greater fhan the other figures, .
Referring chiefly to Figs. 1, 2, and 3, let A:
designate a railway-track laid ‘in the unfin-
ished tunnel; B, a car mounted upon eight
wheels (more or less) running upon that track;
C, a table or bed mounted on said ear and ca-:
pable of sliding longitudinally thereon; D, a
shaft the axis of which coincides with theaxis’
of the tunnel, and is mounted in bearings on

-monnted on the arms E E Band projecting ix
"a direction parallel with the axis of the shaft
D. :The track A:should be laid with some-
acenracy, its rails being kept at a certain defi-

‘mounted on its wheels through - the medium:
of unyielding axle-boxes; and- when rolled
into position close to the.end of the tunmel is
. fastened rigidly in' place. by clamps, struts,

-shares; or other- deviges. - The means which

justablescrew strutsor sharesG G (Shownin
| Figs. 1 and 4.) The struts G G:-ate long bars
-hinged to_the sides of the car, and capable of
"being turned up so that their ends shall touch

tp at.about the angleshown, they are elongated

“trate the rock and théy press down upon theé

car’and turp-outward, so that:they project lag-
erally,; '

“of the tunnel, and when serewed out hold the

slides upon guides or ranners upon. the ¢ar B,

to the under side of the table, and the headed

-down to the éar, - Any other means of effect-

-9, 11, and 12 are drawn. to a scale three times

the roof of the tunnel. ‘When thus turned”

'_'i'espdnding to Fig. 6, a,n:d" i-llﬁstréting-a, modi-.

55

Fig. 11 is a sectional frout view of one of the .

6o,. .
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'the bed C; E'E E, three radial armsfixed to
the end of said shaft, and F F F ‘three drills

75"

nite distance from the-axis of the tunnpel and ..
‘exacfly parallel with that axis. The carBis .-

80

-I.have shown; and which I prefer; are the ad- :

85

Qo

by being screwed out until their points pene: -

“ear; holding if firnly down: upon the track,
&.| The'struts G/ G/-aré hinged to the'sides of the
MUCY oL 1at- 95
shown in Fig. 4, andengagethe sides. -
ar firmly in placelaterally. = Thecar mayalso
e clamped to the track; if desired. ThetableC .

100

and is confined down thereto. - The undercut -
grooved guides a ¢ (seen in Fig. 2) are bolted .

guidesor rails bb, which enter them, are bolted -

105

‘ing this result may be adopted. A scréw, ¢, .
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is ari'anged in a cavity-beneath the table, ex-
tends longitudinaily thereof, and has bearings
theréin. = On-it is fixed a-miter-gear, d, which

- meshes with alike gear, ¢; onan inclined erank-

IO

“ghaft, f, Fig. 4: - The serew ¢ passes through
fixed nuts g ¢ on the car B, and when turned

by means of tlie ¢rank-shaft f the table C is
‘caused to move longitudinally on the car B.

This ‘constitutes the feed for controlling thé

advance of the tool in cutting the rock. Any

-other form of feed may beused,such as a rack

. provided with projecting framés ¢ C', afford-
15

20

and. pinion, or a raichet and. pawl or a hy-
draulic cylinder and piston. The table C is

ing bearings for the shaft D, and upon it are
formed: bearings for the crank-shaft H of a
steam-engine, I, the frame of which rests upon

-the -rear end -of the table.. The steam for
driving this engine may be. brought from a~

boiler-located at any convenient point; or the

" table G may be made larger and the boiler

25
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may. be mounted upon it; or compressed air

or other gas may be used to drive the engine.
A ‘pinion, J, is fixed on the front end of the

shaft H, and meshes with a gear, K, fixed onthe

rear end of the shaft D, so that the latter shaft
and its arms E E are rotated from the engine.
The arms E E are preferably all cast in one
picce and fixed upon the front end of the shaft
D by keying or otherwise; but, if preferred,
a socketed hub may be fixed upon the shaft,’
and removable arms may be fitted into the
sockets; .or- any other construction may be
adopted having sufficient strength. Onue, two,
four, or other number of arms may be used;
but three are preferable. . The arms must be
80 few in number or their interspaces must be
so wide that they will not interfere with the
track when the machine isrolled back. - These
arms are cast of the form shown in.cross-sec-
tion in Fig. 7% with a flat plate 6r web, &, hav-
ing flanges ¢ i ‘projecting rearwardly from both
edges, and a flange, j, projecting forward from
its middle. The flange j divides in a Y to-
ward the end of each arm, and the two branches
form brackets to support a head, ¥/, formed
on the end of the arm. This head E extends
forward and to each side, as shown best in

Figs. 5,6, and 8, and to its front side is bolted
a frame, L, consisting of a broad base, &;"'which'.

rests against the front face of the head ¥, a
central tubular bearing-arm, I, which projects
to the front from the middle of the base, and

- two diagonal braces, m.m, which support the

60

front end of the arm 7.© This tubular arm I
forms a bearing for the drill-spindle M, which-
is passed through. it, and the squared and ta-
pered front end of which projects beyond the

-front of thearm and receives the drill-head N,

which, when at work, seats back against and

'is ré-enforced by the front end of the bearing |

'I. 'When dulled or-worn out, it may be driven
off from the spindle by striking it from bé-
hind. The spindle M and head N constitute
the drill or cutter F, before referred to.  The

spindle M extends back through the head & -

and plate %, and on its rear end is fixed-a pin:

307,379

ion, n, which receives motion from a large

gear, O, through the intermediation of four or
other number of idler-gears, p p, as best shown

70

in Fig.'2. 'The gear O is stationary, being -

made fast to the front bearing, ¢, and as the
shaft D and arms E I revolve the. idlers p, in-
termeghing with it, are caused to revolve in

the same direction, and the motion is trans-:

mitted to the pinions n #. and spindles M M,
which revolve thusin the same direction as the

-shaft D, but much faster. .The proportion
‘which I propose to.adopt is ninety revolutions'
for shaft H, thirty for shaft D, and two hun-

dred and forty for drills M N .per minuté. - The
drill-heads M N have, in consequence of the
gearing just deseribed, a double motion: first,
a rapid rotation on their owi axes, and, sec-
ond, a slow revolution around the axis of the
shaft D. . As they abrade the rock they plow
an annular groove, (shown atx in Fig. 2,)and
they are slowly fed forward into the rock by
the feed-serew ¢ until this groove has reached

“a depth of about three feet.., The entire ma-

chiné is then run back into the tunnel, and the
projecting core of rock thus cut around is re-
moved by blasting.

. In order to facilitate the blasting out of this

core of rock, I provide for drilling a central

hoie into it at the same time that the annular
groove is being cut. by the drills F I.- I
arrangea central drill-shaft, P, to pass through
the axis of the shaft D, which is made tu-
bular for this purpose, and to project beyond
the'same at ' both ends.. On its front end. it
bears a drill-head, N’ and on its rear end it

‘bears. a belt-pulley, ¢, whieh is driven bya

belt from a larger pulley, ¢, onthe shaft H,

as shown in Figs. 3and 4; or cog-gearing may .

be substituted.
volve faster than the shaft D, and may revolve

in either direction. - As shown, its speed will
‘be’about seven times greater tlian that of the

shaft D, or about two hundred and ten revo-
lutions per mitute. DBut for tlie necessity of

driving this drill faster, it might be fastened

to and project from the front of the shaft D.
" -The spindles M M (shown in Figs: 1 and 8)

are arranged with their axes parallel to the:

axis of the shaft D, and consequently parallel

This drill-shaft P should re-

to the wall of the tunnel, as shown in TIig. 8.°

-As the size of the drill-head XN, and conse-

75

8o

90

95’

1CO

I1C
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quently the width of the groove z, is practi:. "
-

cally limited, and as it is desirable to have
the pinion-n of at least as' great diameter as
the drill-head, it is necessary to ‘enlarge the
diameter of the tunnel Letween the drill-head

and-the pinion. - This result I accomplish by - -

introducing -a supplementary drill-head or

cutting-wheel, Q, fixed on the outer end of a~

short shaft or spindle, ', having bearings in
and under the head 1%, crossing the spindle M

close .to' it, and driven from said spindle

through skew:bevel-gears » 7, as shown in
Figs. 5 to 8. This cutting-wheel enlargesthe
tunnel sufficiently to make room for the pin-
ionn, and also gives the rock a final dressing
or finishing, and removes any ivregularitics

I25

130"
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%ha’b may be Occasmned during the blasting; as{ s, 'md terminates-in a 'nozzie directed toward

it 1sp1aced 80 fa,r behind the drill-head N that.
it§ action is onthe: portion of the tunnel. from |
‘which the core ofirock formed by thé previ-

%5 Qus ‘operation ha§ been Femoved: by blasting.
This enlargement. of the tunwuel ‘also greatly |

“facilitates the removal of the débris daring the
‘operation of.the machine, so that'it shall not

- accumulate on the under side of. thé bore and -

10 impede the: révolution of the arms E E as they
- pass the bottorn., .

- It is highly necessary thatall thie dr 1lls and

cutters shall be supplied eoplously with meter,
inorderto keep them fromheatmgfﬁo facilitate

15 then' abrasive action, and to continually wash

" away the débris or detmtus a8 fast as it'ig
formed, Tor this purpose:T provide a'pump

“and a series of water ducts or passages_lead-
ing thence through' the- moving’ parts fo the'|
20 drill-heads or cutters, 50 that the action of‘the.|
pump forces a jet of water toissue ab each eut-
ter and pass between the cutter and the rock '
-after which the water flows away gqver the-
rock and keeps the. latter contmua]ly freed -
This pomp R is seen in Figs.
1 and 4, and may be any ordinary stéam-pamp,

2% from detritus.

orother force-pump worked by suitable power.

‘From its delivery a pipe, s, leads.to a hollow !

cap, 8, ontherearend of the shaft D,which cap
is conneeted by a water-tight pfwkmv to-the
shaft, and remains stationary while the shaft
revol ves Its interior communicates with the

30

interior of a bearing sleeve or tube, ¢, (prefer-
. ablyof brass,) which:is fitted in a 1ong1tudmal :
‘borethrough the shaft D, and which servesasa’

, ]onrnal bearing forthe drill-shaft P. The lat-

teris supported abintervals by means of ribs on ).
theinterior of thesleeve ¢, and the water passes )

between the shaft and sleeve through "grooves
or apertures in these ribs.
hollow,.and-has perforations u u, Fig. 3,.com-

municating with the water- space in the sleeve

40

t, through which perforations the water passes:

m its bore and ﬂows forward tothe drill-head |

45 N,
{front end of the shaft D, beyond the sleeve ¢,

one of them being ; shown in Fig. 3 and all ‘of

- them in.Fig. 10. Each of thesé pipes passes
up one.of the arms E and aronnd to the rear

50 face thereof, where it connects with a hollow

dle M istubular, and the water passes through
its ‘bore to the drill-head N. Thus water is
supplied to the four drill-heads N' N N .and
N/; and, as each of these is formed with 4 cen-
tral bore and with radial grooves across its
cutting. face, the water passes through it and

55

Co
ing it cool and facilitating its cutting. \Vater

is a]so supplied to' the cutters Q.Q, but by

means of jéts playing on them, instead of
streams passing through them. - '

From each pipe v a branch, ¢/, i§ taken and
carried up the front of the arm E to the heid
_E, through which it passes, as shown in Fig. -

w o
oo

The shaft P.is

" Three pipes, v v, tap the ¢avity in -the |

cap, ¥, constructed similarly to the capSand.
mounted on ‘the projecting rear end of the:
' ﬁpmdle M. as best shown in Fig. 6. Thespm-‘

between it and-the rock inall directions , keep-.

the fronb sule of the cu'tter Q, asalso shownin
Flg

Insteftd of. plpes vv, the arms B nny ‘be
coxed out to form sulta.ble water- -passages. )

Thée pinion n is housed by a cap, #/,.on the’

-end of ‘the arm E, and it and ‘the 1dlers )
are also housed and protected by being ar-

.7-0

75

ranged in the space between the two flangess -

' of tbe arm K. A series of plates, 7, are also

1 fitted o the reay 51de of the arms E, as shown
in Tigs. 2, 6, and T thereby complete]y in-

clesing: nhese ‘gears. Theidlers p p.have their

80

beaungs on the oneside in the plate or web
k, and on the other fn the plates ¢'4, as shown

in Pig. 6. -

Havmg 1ow described: the’ preferred form
of my invention, - itl now more fully de-
seribe its ‘operation.”. In commencing a tun-
nel it may be ‘cut’in any usual way until a
| working: :face is'obtained. - Then the track A

85'

is laid, the lastséction, close to theend of the

tunne] “being -laid with ‘care in the manner
herembefore deseribed: " Thissection mustbe
removable, and shonld be specially construct-
ed -for.that purpose, "The machine is-then
‘rolled into the tuniel on the track, itsarms B
E being held in the position shown in Fig. 2,

%0

95

80 thab the lower.arms clear the frack, and it

is stopped with the drill-heads N N not qnite
touching the.rock in.'the end of ‘the tunnel.

The table C has been' previously moved back
- on the car: B to its:utmost limit, as shown in
Figs.;1.and 3..- The’ ‘machine i§ then ‘fastened
sohdly and ﬁt‘mly Hn posxtlon by means of
the struts G Q’; and {he'engine I and the
pump R are’ started “When the machine has
attained a safficient speed ‘to: give it the de-
gired’ nroment:um the_ table C:is' fed “forward
ly turning: the crank shaft Juntil the drill-

100

105

“heads remch the.rock ‘and begin to abrade it. -

First, they will eut thr ough the projecting
pmt;ons, and gradually,as they are slowly fed
up by the crank-shaft f; they will have plowed
-out a well-defined -annular groove, -‘The ma-
-chine is then well at work, fmd its operation
is continued until this groove reaches a depth
of about three feet.or other ~depth; according-
to the capacity of themachine.  An attend'mt
‘stands constantly at the side of the wachine,,
watching 'its' operation, - .and feeding it up

slowly by turning the’shaft J; his aim being

to keep the arms E 'K .revolving at as nearly
a uniforin speed as possﬂ)le

The cuttings or .

11G

115

120

detritus from the drills are continually washed

-out, and the water carrying them flows back
beneath the track tlnoucrh the channel X in.
Fig: 2. When the maehme has been fed for-
ward three feet or other pxedetermmed limit,
ts further advancement is prevented by abut-
ting stops. It should then-be stopped ‘the

strats G G’ taken down and -turned in along--

side the car, and the machine run back apon

» | the traek suﬂiclently far to be safe from in-

jury duung the blasting. A charge of ex-

plosive is then put: in the central drill-hole
and fired, disrupting.the corve of rock. The

125

130



%

fragments of rock are tnen -gatnered up and
carried back, being taken :past the machine

. through the spaces between the arms K E.

‘When the heading has been cleared of débris,

the section of track A is then moved forward.

three feet, a short section is placed behind it,

_between it and .the permanent track, and the

machingé is again rolled up to the heading,
when the same operation is repeated.

Fig. 9 shows a modified construction of drill
T, whereby the cutter Q is dispensed with,
and a chain isused to drive the spindleM, in-
stead of toothed gearing., On the rear end of

- the spindle. is fixed a small chain-pulley ol

15.

20

tion.

30

:35

40

45

sprocket - wheel, n, in place .of the pinion
shown in Fig. 6, and over this passes an end-
less chain, T, the links of which drop into de-
_pressions on_the wheel. This chain passes
over a large stationary sprocket-wheel, (not
shown,) which corresponds to the gear O, and
has on its periphery three different series of
depressions, arrauged side by side, for the re-
ception of the three chains T for.the three
arms B. Thus by the rotation of the arms

‘the-drill-spindles ‘are driven in the same way

a8 if by gears, although inthe opposite direc-
Room is provided for the sprocket-
wheel » by tilting the spindle M, its rear énd
being nearer the axis of the shaft D,and con-
sequently farther from fhe wall of the tun-
nel, than its front end, which bears the drill-
head. In other respects the construction and
operation of this form of drill are the same-as
of the one before deseribed. ) :

In some cases it may be found necessary to.
brace and support the front ends of the three
drills F. F by connecting them together by
means of a direct connection within' the an-
-nular groove ». Ordinarily the diagonal arms
mm will be relied upon to withstand the strain
to which the drills will be subjected whed in

operation; but when these prove,inadequate |

the construction shown in Figs. 10 to 12" may
be adopted.. Three curved bars of channel-
jron, U U U, are bolted to the front end of the

frathes L L 1, and extend each from one to’

the next. . These bars are bent. to the same

curve as the groove z, in which they turn, and.

" are provided with inclined ribs w w on théir

30 out
"~ back the débris which accumulates in the
groove. - One of these bars ‘must be unbolted

‘55

60

‘onter or back sides to act as sweeps to push

and removed before the machine can be rolled
back on the track after completing a cat, as

.otherwiseit would c¢ollide with the track. Be-

fore removing the bar the cutting-head wilk
be fed back until the bar is withdrawn out
of the cut, and so made accessible. =

' My machine is susceptible of some modifica-
tion of construction without departing from
its essential features. TFor instance, the cut-
ting-wheel Q might be keyed onthe spindle
M and work through aslot in thehead E',and

any other method of imparting rotary motion
to the spindles M M may be adopted, such as |-

cranks and pitmen, or radial shafts bearing
miter-gears at their outer ends meshing with

.the samepower
-might be rotated by independens gearing, or,

‘tion to that of the shaft D.  The latter may-

‘arms B E, fixed to its front, and terminating

307.379

and driven

miter-gears on the spindles M M,
It is not

from the gear O at theirinner ends.

even essential that the drills F T be rotated by 70

that rotates the shaft D, asthey, -

even by separate engine, it being immaterial
that their spéed. bear-any, definite propor-

revolve very slowly by a hand-feed or by hy-
draulic pressureor otherwise, and the drills
be rotated rapidly; or the drill-heads may be
mere . non-rotating ¢utting ends, and- their
revolution arotind ghéaxis of-the shaft D may
be very rapid-and be wholly relied on to effect
thie cutting; but I prefer the combination of
the two movements as deseribed. .

I claim as my invention— S .

1. In-a machiné-for boring tunnels by eut-
ting a circumferential groove;in the heuding,
the combination, with the central shaft in the
axis of the- tunnel, of the separate radial

in heads E' ¥, bracket-frames I L, fixed to
said heads, and projecting forward, and drill-_

‘shafts M M, having bearings in said frames,

whereby  said drill-shafts are supported at
their cutting ends and the. cutting of a deep’
groove is rendered possible, substantially’ as

.set forbh.

2. In a machine for boring tunnels, the com-
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‘bination, with central shaft, D, of radial arms .

E 1, terminating in heads T 1, and with

drill-shafts borne by said heads, and suitable

gearing traversing said arms to rotate ‘said

drill-shafts, each arm being formed’ with a

Y-shaped - flange, j, on its front’ side, the

branches of which form brackéts supporting
said-head, and with marginal flanges 1% on its
rear side, which serve both to stiffen the arm
and to protect said gearing, substantially -as
set forth. : ‘ S
'3, In a machine for boring tunnels by cut-
ting a cireumferential groove in the facing,
the combination, with the axially-arranged -
shaft, its tool-bearing arms; and the groove-
cutting drills borne by the latter, of supple-
mentary cutters borne by said arms, arranged
behind the drills, and acting against the avall
of the tunnel, whereby the tunnel is enlarged
to a greater diameter than that cut by the -

.grooving-drills, substantially as sef forth.

4. Tu a machine for boring tunnels,the com-
bination, with the.central axial shaft, the ra-
dial arms fixed thereto, the groove-cniting
drills borne by said arms, and mechanism for
rotating said.drills,.of supplementary eutting- -
wheels-borne by said arms, arranged on radial
axes-géared to the shafts of said drills, and
acting to enlarge the diameter of the tunnel,
substantially as set forth. '

_ In witness whereof I have hereunto signed
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my name in the presence of two.subscribing .

witnesses. . . -
o HENRY S. CRAVEN! -
Witnesses:
ARTHUR C. FRASER,
HENrY CONNELT,



