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6. Clalms

. My invention Telates t0 ‘-tunn‘e'lmg machines,
and-has for its principal object to-produce such
a-machine relatively-cheaply; and one which is
highly efficient in performance. Tunneling, par-

¢ ticularly for sewer work and the like, is generally:

-done by manuial labor where the earth is of stuch

consistency that it can be rémoved by plck and

shovel. " This is'necessarily a slow and-expensive
method;” Such efforts 't6 Usé a’ machine to re-

- 10 place manual labor of which Thave any knowledge

have not béen particularly successtul, due, I be-
leve,” to. cumbersome - mechanical methods -and
arrangements; -and ‘the “rather- slow advancmg
movement of ‘such a machine.: Itisto be under-

13 stood that where the tunneling is in’ rocky ‘mate-
rial my tunnehng ‘machine ‘is’ not: usua,lly appli-
cable, for much of Such material must be blasted
out. - My ‘machine is partlcularly a,pphcable where

" the earth is clay; marl; shale, or such other mate-
20 rigl'and where-men with pick and shovel could
most effectively - work. By experience I have

. “found that by using rmy machine I'can progress
at approximately & speed of ‘one foot per minute
“yrhile drilling. In" sewer construction work such

~ ‘25 speed -in tunneling is highly important and re-

sults'ina great saving in the cost of constructmg
2. Sewer.

By my mechamcal set-up the tunnel is ad-
vanced and the sewer constructlon work is like-
30 wise progresswely ca,rrled forward; and when the
sewer is completed my mechanism is all subject
to Wlthdrawal through the completed sewer w1th-

out injury or detriment thereto.-
- An important feature of my invention is that I
33, employ a forwa.rdly 'movable shield which: is ad-
vanced by ‘means ‘of hydrauhc Jacks; approxi-
mately twenty-four ‘inches ahead of the drilling
device, and ‘which:defines the upbér portion of
the ‘sewer, The drill-‘then removes the ‘earth
40 within a cylindrical radius inside said shield, and
~the earth S0" removed is carried on g traveling
conveyor ‘to cars into” which said earth is dis-
charged, and-as each car is filled with such earth
it may be. pulled out of the sewer and dumped.
45 - Horseshoe’ shaped shields have not been sue-
* cessfully. jacked due to their tendency to rotate,
- therefore a still further important feature of my
invention:is that if- and when the shield tends
- to rotate during the drilling operation and.thus
50 produce a tilted ‘arrangement of said shield, T
can reverse the cutting blades on:the rotatable
drilling member; which causes the shield to rotate
in the opposite ‘direction; and: +thus I can restore
' said shield t6-ité normal posmon If ‘such rota~
- tion contlnues to the ‘detriment :of the drilling
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work, I can again reversé the clitting blades and
again reéstore said-shield -to its mormal position.

These cutting’” blades are’ readily accessible and

can-be changed in a relatively short time.

“T " preferably advance my drill by using one

- hydraulic-jack bearing against-a ‘portion of the

carriage upon which my drill is mounted.. As
stated before; all the mechanical equipment which
I'employ can be dismantled-and the several parts
freely removed through the completed tunnel:

‘The ‘shield is kept on line and grade by vary-
ing Lhe pressure thereon by different hydraulic
jaeks' which ‘are sed to adyvance said shield. By
my “invention a minimimm amount of manual
1abor is necessary and:only‘one operator for the
machine is requlred
“Pig,1°is a longitudinal; ‘'sectional view showing
the drlllmg device and loading system.

“Fig. 2 is"an -enlarged section of the drilling
portion of the mechanism. -
- 'Fig. 3 is 'a ‘cross-section ‘taken on line 3—3 of
Fig. 2 showing the drilling head partly in eleva~
tion and partly-in section.

Flg 4is-a detail sectlon taken on line 4-—4 of
Fig. 3.
HMg. 5 1s a°Cross- sectlon taken on line 5—5 of
Rig.-2,
.- Fig. 6 is*a cross-sectlon taken on line 6—6 of
Fig. 2.
gl is a sectlon taken on line T—7 of Fig. 3.
Pig: 8/is a horizontal section taken on line 8—8

of Fig. 6, showing-the jack-positioning means.

“In-the drawings A designates a longitudinally
movable shield forwardly movable in a tunnel B,
so as to penetrate the earth to be removed in the
excavation of said tunnel. ‘- C is a drilling device
operable by a motor D mounted on a carriage E.

The ‘drill never penetrates beyond the top of

the shield A, and this tends to prevent falling or "

caving of soft material. " A series of hydraulic
jacks F usually six in humber, are used to push
the shield A forwardly into the earth. The drill-
ing ‘device C is moved forwardly by a hydraulic
jack ' G. A belt conveyor H is mounted in the
upper part of the equipment for carrying back to
dump cars I the earth dnlled out by the drilling
device C.

{ designates a forwardly extending portion of
the shield A andis preferably tapered, as at 2, to
facilitate the penetration ‘of the earth by said
portion .- This portion { preferably extends ap-
‘proximately about two-thirds around the drilling
device C and:is capable of moving ahead of and
independently - of - said ‘drilling device. . In Figs.
1 'and 2 the shield- A has been advanced about
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two feet into the earth ahead of the drilling de-
vice C. The shield A extends rearwardly. a sub-
stantial distance, as shown in Figs. 1 and 2. As
the drilling progresses and the tunnel is cleared,
corrugated liner plates 3 are placed about the
top and sides of said tunnel and serve as sup-
porting means for said tunnel and one face of a
wall for concrete with whieh said tunnel is lined,
as shown at J in Fig. 1. The concrete lining is
the usual lining employed in tunnel or sewer con-
struction.

The hydraulic jacks F for advancing the shield
A bear against an A-frame 4 which is composed
of the uprights 5 and rearwardly extending tim-
bers 6 and 6’ which extend rearwardly and abut
against the forward end of the floor portion of

concrete J, which is preferably of quick-setting

cement so that a sturdy setting for said jacks
is thus provided. Timbers T and 8 as. supports
for the A-frame are set diagonally In contact
with one face of the uprights 5 and the rear-
wardly extending timbers 6. Cross timbers 9 are
placed across the A-frame, and it is against these
timbers 9 that one end of the hydraulic jacks F
pushes. The hydraulic jacks which I employ

have a seven foot throw and a capacity of one

hundred and fifty tons each.

The shield A is held in its expanded pos1t10n
by seven I-beams 10, which are placed longi-
tudinally of the shield (see Fig..5), and two
circumferentially placed members 11 and 12, one
near the front of the shield A and the . other
approximately two-thirds of the way back (see
Figs. 1 and 2). The beams 10 extend longitudi-
nally of the shield between these two members
it and 12, Preferably the beams 0 and mem-
bers {1 and {2 are bolted to the inner circum-
ference of the shield A so that when the shield
is to be dismantled and removed from the sewer
these parts may be removed and the shield col-
lapsed, thus permitting the ready removal of
said shield. .

The belt conveyor H is supported from the roof
of the tunnel by the hangers 13, which have
rollers {4 at the lower ends thereof over which
the flexible belt conveyor H moves. The dump
cars run on the rails 15 placed longitudinally
along the floor of the funnel. One set of said
rails i5 may serve to receive another string of
dump -cars, and the belt conveyor H may be
swung so as to discharge first into one string
of cars and then into the other string.

The drilling device C consists of a circular
plate {8 mounted on a shaft T which extends
forwardly {rom the motor D, and is driven by
said motor. Radial slots are provided in this
plate {8 and are sufficiently wide to admit the
earth cut away by the drilling device. At the
edge of each side of these openings I provide an-
gular supports {8 which have threaded openings
{9 in the outer face thereof to receive threaded
bolts !9’ for securing the blades 20 in position
(see Fig. 4). By this arrangement the blades
26 can cut away the earthy material against
which the drilling device A abuts. The plate
t8 is supported by a circular member 21, which
is supported in any convenient manner and the
cuter edge of which extends forwardly as at 22
to serve as a support at the forward edge there-
of for the plate {8, which plate is revoluble. If
and when it is desired to reverse the cutting
revolution of the plate 16, the blades 20 are de-
tached from the side to which they have been
kelted when the plate 16 was rotating in one
direction and placed on the opposite side of the
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opening and bolted to the angular support 19
located at the side of said opening. If a horse-
shoe shaped sewer is being tunneled, I cut a cir-
cular opening and the earth 23 at the top of the
shield A but above the top of the rotating plate
20 drops down and through openings provided
in the forwardly extending part 22 of the cir-
cular member 21.

A sufficient space between ‘the inner faces of
the circular plate 16 and member 21 is provided
to permit a series of buckets 24, carried by the
circular plate 16, to operate and thus as the
earth passes through the radial openings in the
plate 16 or drops from the upper, horseshoe por-
tion of the shield A, it is elevated by the buckets
24 and dumped therefrom onto the belt conveyor
H, which in turn carries it rearwardly to a point
over the dump cars I, into which sald earth is
discharged by the conveyor H. The forward end
of the conveyor H extends into the space be-
tween the circular plate 16 and the member 2f,
as shown in Figs. 1 and 2. It will be under-
stood that the motor D is reversible, but as the
motor and its associated parts are no part of
my invention, I am not illustrating or describing
in detail said motor and its associated parts, as
any conventional type motor may be employed.

The drilling device C and motor D and asso-
ciated parts are mounted on a carriage 25, which
is mounted for longitudinal movement upon the
rollers 26 appropriately placed on the members
ti and 12. If necessary an appropriate support-
ing device for the upper portion of the motor D
may be supplied.

A hydraulic pump 27 is provided and is oper-
able by a motor 28. This pump supplies the
water for the hydraulic jacks. The conveyor H
may -also be run by said motor 28 operable in-
dependently of the motor D.

The earth in.the lower corners of the horse-
shoe as shown at 28 can be removed manually
by a shovel and thrown into the buckets 24, and
from them discharged onto the belt conveyor H.

The -conveyor H is attached to the drill re-
duction drive driven by the motor D and moves
forward with the drilling device as the hydraulic
jack G drives the drilling device forwardly to
make it dig. The drilling device C is 8 feet in di-
ameter,with two cutting edges which are designed
to cut 1 inch of earthy material with each revolu-
tion. The device C rotates at approximately 10
revolutions per minute. The peripheral speed
of the drilling device C -is approximately 250
feet per minute, and the speed of the conveyor
belt H is also 250 feet per minute, both being
ample to handle approximately 18 inches of drill-
ing per minute. The hydraulic jack G advances
the drilling device C approximately 18 inches
per minute, and said jack has a pressure up to
40,000 pounds. It will be understood that when
the drilling device C reaches the forward end
of the shield A, the drilling device is stopped and
the shield is advanced forwardly a distance of
about 18 inches and stopped. The shield A is
adapted to be pushed forwardly by the applica-
tion of the six jacks F heretofore described.

Workmen are completely enclosed and pro-
tected at all times by the shield A. By my de-
vice any settlement of adjoining ground is avoid-
ed, and only the actual material defined by the
shield A is removed from the tunnel,

I claim:

1. A tunneling machine comprising a longi-
tudinally movable shield, means for advancing
said shield, a drilling device capable of rotat-
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able and longitudinal movement, means for ro-
tating said drilling device ' and means.for ad-
vancing said drilling device longitudinally, the

face member of said drilling ‘device being pro=
vided with radial slots, detachable drilling blades

for: attachment to either side of said slots de-
pénding upon the direction of rotation of said
drilling device; buckets connected to said drill-
ing ‘device for receiving earth removed during
the operation of said drilling device; and a trav-
eling conveyor adapted to receive said earth from
said buckets for conveying said earth rearwardly
away from said drilling device.

2. A tunneling machine comprising ‘a longl-
tudinally movable, expansible shield, means. for
holding said shield in expanded position, a drill-
ing device’ capable of rotatable and longitudinal
movement, means for rotating said drilling de-

“vice and means for advahcing said. drilling device
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longitudinally, the face member: of said drilling
device being provided with' radial slots, detach-
able-drilling blades for attachment to either side
of said slots depending uponh .the direction of
rotation of said drilling device, buckets connect-
ed to ‘said’drilling device for receiving . earth

“removed during the operation of said drilling

device, and a traveling conveyor adapted to re-
ceive said ‘earth from said buckets for convey-
ing said earth-rearwardly away from sald drili-
ing device.

3. A tunneling machlne comprising - a longl-
tudinally movable, expansible shield; longitudi-

“‘nal and eircumferential members for-holding said
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shield ini expanded position; a drilling device ca~-
pable of rotatable and longitudinal movement,
means for rotating said drilling device and means
for advancing said drilling device longitudinally,
the face member of said drilling device being pro-
vided with radial slots, detachiable drilling blades
for. attachment to either side of said-slots de-
pending upon. the ‘direction of: rotation of said

drilling device; buckets connected ‘to: said drill-"

ing device for receiving earth removed during
the operation of said drilling .device, and a trav-
eling conveyor adapted to receive said earth from
said buckets for conveying said-earth rearwardly
away from said drilling device.

4. A tunneling machine comprising a. longi-

tudinsally movable, expansible shield, means for

holding said shield in expanded position, a drill-
ing device capable of rotatable and longitudinal
movement,. means for rotating said drilling de-

vice and hydraulic jacks for advancmg said drill-

3

ing device longitudinally, the face member of
said drilling device being provided with radial
slots, -detachable drilling blades for attachment
to either side of said slots depending upon the
directioni of rotation of said drilling device, buck-
ets connected to said drilling device for receiv-
ing earth removed during the operation of said
drilling device, and a traveling conveyor adapted
to receive said earth from said buckets for con-
veying said  earth rearwardly away from 'said
drilling device. )

'5. ‘A’ tunneling  machine -comprising. ‘2 longi-
tudinally movable, expansible shield, means -for
holding said shield in expanded position, a drill-
ing’ device capable of rotatable and longitudinal

“movement, means for rotating said drilling de-
vice and means for advancing said drilling device,

longitudinally, the face member of sald drilling
device being provided with radial slots, detach-
able drilling blades for attachment to either side
of said slots depending upon the direction of ro-
tation of said drilling -device, a rear supporting
element for supporting said face member of said

drilling device spaced apart from said face mem-

ber; buckets carried by said face member and
located in the space between said face member
and said rear ‘supporting element connected to
said drilling device for. receiving earth removed
during the operation of said drilling device, and
a traveling conveyor “adapted to- receive said
earth from said buckets for conveying said earth
rearwardly away from said drilling device.
. 6. A tunneling machine comprising a longi-
tudinally - movable, expansible shield having 2
forwardly projecting hood and side portions for
penetrating - the . earthy material,
holding said shield in expanded position, means

for ‘advancing said _shield, ‘& drilling device ca- -

pable of rotatable and longitudinal movement,
means for rotating said drilling device and means

the face member of said drilling  device being
provided with radial slots, detachable blades for
attachment to either side of -said. slots ‘depend-
ing upon’ the direction of rotation of said drill-

ing device, buckets connected to said drilling de-.

vice for receiving earth removed during the op-
eration of said: drilling device, and a traveling

means -for
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‘for- advancing said drilling device longitudinally,

45

conveyor adapted to receive said earth from said -

buckets for conveying said earth rearwardly away
from said drﬂlmg device.
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