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elevation of a modification.
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"RICHARD PENNEFATHER ROTHWELL, OF NEW YORK, N. Y.

APPARATUS FOR SINKING SHAFTS OR DRIVING TUNNELS.

.SPECIFICATION forming part of Letters Patent No. 549,588, dated November 12, 1895.
| Appliéa,tibn filed March 9, 1893, Serial No. 465,313, (No model.)

To all whom it may concern.:

Beitknown thatI, RICHARD PENNEFATHER
ROTHWELL, a resident of New York, in the

county of New York and State of New York,

have invented certain new and useful Tm--

provements in Apparatus for Sinking Shafts
and Driving Tunnels: and I'dohereby declare
the following to be a full, clear, and exact de-
seription of the invention, such as will enable
others skilled in the art to which it pertains to
make and use the same.

The invention relates to means for sinking

shafts and driving tunnels; and it has for its
- Objects: to automatically guide a movable

calsson or shield; to pack the joint or joints
between a shield and a shaft or tunmel lin-
Ing; to stop or pack the space between the
shatt or tunnel wall and the lining, and to

provide for the continuous removal of exca-

vated material without interference with the
introduction of the lining-segments and the
continuous building of said lining; and it
consists in the construction hereinafter de-
scribed and particularly pointed out.

In the accompanying drawin gs, Kigure 11is
a central longitudinal section of a portion of
a lined shaft and of a movable eaisson or
shield, jacks for pushing the shield being
shown in full lines. Fig. 2 is a similar view
of a tunnel, both figures embracing a diagram
of valve-controlling devices. Fig. 3isan en-
larged view, partly in section, of a valve and
valve-controlling devices. Figs.4 and 5 are
side elevations of details. Tig. 6is a partial
Kigs. 7 and 8
are sectional views of modified packings.

Numeral 1 indicates the rock or native wall
of ashaft, and 2 a lining for the same, built of
segments bolted together in manner too well
known to need further description. |

o denotes a shield or caisson having double

‘walls 4 and 5, and 6 denotes hydraulic jacks

adapted to force the shield forward into and
through the material to be excavated. These
Jacks are situated between a seat 3', made
fast to the shield, and the front of the lining.
The two walls 4 and 5, which are separated
sufficiently to permit workmen to enter be-
tween them to bolt together the lining-seg-
ments, are joined by a curved wall 5§, having

~ acontour, substantially as illustrated, to pre-

sent as little obstruction to the movement of

| the shield as practicable. Any suitable ap-
Daratus for forcing the shield forward may be

employed.

7 indicates pipes adapted to throw jets of
water toward the axis of the shaft or tunnel
within the front part of the shield, for the pur-
pose of aiding in the disintegration and re-
moval of the material. -

In sinking shafts through soft ground by
the method described in my patent dated

| May 30, 1890, and numbered 423,021, and also

In the operation of making tunnels it is Very
important that the shield or caisson such as
herein illustrated be pushed forward evenly
all around. When the admission of power
to the jacks which push the shield is regn-
lated directly by the workmen, thisis difficult

~of attainment, some of the jacks being pushed

out faster than others. This deflects the di-
rection of the shield movement, causing un-
due strains in its back end and in the shaft
or tunnel lining and binding the shield, ren-
dering it very difficult to put in the hning-
segments and causing delays and dangers to
the work. To overcome these difficulties I
regulate the admission of power to the jacks
automatically, so that if one side of the shield
advances a small distance ahead of the other
the admission of power to the jacks on that
side will be automatically throttled or alto-
gether cut off until the other side has caught
up, when the pewer will again be automati-
cally admitted and the shield will go forward
at practically the same rate all around. This
automatic regulation I can apply equally well
to the case of a tunnel-shield pushed forward
horizontally or-at any angle of inclination.
I accomplish this very desirable object by
utilizing the force of gravity in any conven-
ient manner, as by the devices next to be de-
scribed. Such'devices are in dicated at A in
Fig. 1 and at Bin Fig. 2, and are shown on a
larger scale in Tfig. 3.

In Fig. 1, a denotes the main pipe for a
fuid under pressure, and ¢’ its valve. ¢ de-

notes a transverse or annular pipe commu-
nicating with the inlet-pipe ¢ and with sev-
eral branches, one of which is indicated atd,
its valve being denoted by e. Fach branch
(¢ communicates with a short transverse pipe
J, which latter communicates with a group
ot preferably from four to six or more pipes
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Dattery (not shown)

[2

9, each having a valve 0. 'The automatic

regulation herein described is applicable

cither to the valves in individual pipes 9 or
to valves e in pipes d mediately controlling
admission of fluid to the groups of pipessup-
plied from transverse pipes f. In practice
the various pipes may also be supplied with
valves adapted to be manipulated by hand.

Referring to IMig. 3, b denotes a valve cas-

ing situated in a conduit 9, through which a
medium of power,such as water or other fluid,
is conveyed under pressure to the jacks. 10
is a bracket, and 11 a lever pivotally sup-
ported thereon and also pivotally connected,
as by a link 12/, with a valve-stem 12. To
the upper end of the lever 11 18 connected
by a link 13 an armature 14, which 1S ex-
tended axially through a series of coils 15 of
insulated conducting-wire. Each coil is con-
nected by a conducting-wire with a switch-
table 16 in a well-known manmner. 17 de-
notes an electric cable leading to and from a
constituting, together
with the switch-bar 20.and a coil 15, an insu-
lated circuit. As shown in the present in-
stance, this bar is moved to the right or lett
for the purpose of varying the coil included
in the circuit by the effect of variations of
the level of the merecury in a receptacle 21
by the medium of a diaphragm or float 18,
resting on the surface of the mercury in said

receptacle, the float being transversely mov-
able in a branch or chamber

59

22 of said re-
ceptacle. 1In the presentinstance thisisrep-
resented as a branch of a three-way coupling.
(See Fig. 3.) Thefloat is pivotally connected
with an arm 20’ of the switch-bar suitably piv-
oted in a post 20" and said float is counterbal-
anced by a weight 23.  The construction and
arrangement are such that a variation in the
level of the mercury moves the bar 20 over the
switeh board 16 to include within the electric
cireuit any one of thewires leading from the
switeh board to the coils, and thereby includ-
ing the correspondingcoil. By thismeansthe
armature 14 is moved to the right or lett, ac-
cording to the situation of the coils by which
it is magnetized. The switchboard can be
moved to the right orleft to vary the effective
range of the switeh-bar by means of the screw
having a handle 16/, as indicated. The mer-
cury - receptacle is attached to or connected
with the shield, so that any deflection of the
latter from a right line will alter the mercurial
level and suitably regulate the admission of
power to oneor more of the jacks by the action

of the devices just deseribed upon the valve 24

through the medium of lever 11 and links 12°
and 13. The particular deviees for automati-
cally controlling the amount of power exerted
at different points are not the gist of the inven-
tion which include all devices operated in sub-
stantially like manner or by gravity to vary
the amount of power applied by changes in
the direction of the shield-movement. 'T'hus
it is obvious that the particular form of valve
or of merecury -receptacle or of connecting

the shield and the shaft-lining.

549,586

devices is immaterial. In sonie cases I pro-
pose to use an insulated pendulum as a part
of the electric cireuit, such pendulum being
suspended in contact with a switchboard and
adapted to vary the magnetizing-coil in the
cireuit by its automatic movements across the

face of the board, as indicated in Iig. 0.

Where shafts are to besunk or tunnels driven
through wet ground by means of a movable
shield, it is very important that the water be
offectually prevented from entering between
r.  Various
means have been proposed to effect this hul
owing to the fact that the shield is made of
plates riveted together and never formsan ab-
solutely true cirele and that the shaft-lining,

made of iron orsteel castings,alsonevermakes

a trie cirele it is difficult to secure an cffect-
ive packing between the shield and shaft-lin-

S0

ing. - To overcome this difficulty 1 adopt for

that portion of the shield containing the lin-

ing-rings a true bored-out cylinder, whether

of ecast-iron, cast-steel, or other material, and
I make the lining-rings truc by casting facing-
strips on them, so that when the ring 1s bolted

up these strips can be turned off toa truc C1r-

cle, which will leave but the very little neces-
sary clearance between them and the inside
bored surface of the shield. The clearance

thus being very small and uniform, 1tis easy
‘to pack it suceessfully and cheaply by cellu-

ose, or a soft wood or other suitable material
that will rest on the facing-strips and by ex-
panding when wet will make efficient tight
packing between the shield and lining.

In the drawings, Fig. 1, 26 denotes a strip
fixed on a lining-section, and 27 a movable
packing. Said strips are narrow and require
much lesslaborin making them perfectly true
than would be required for an entire scction
forming part of a ring of uniform external
diameter and as wide as a section.  They also
furnish convenient supports for the packing.
It is immaterial whether the strips be on the
exterior of the lining or on the interior of the
shield, provided the opposing surface be cor-
respondingly true. Where the projecting
strips are on the inside of the shield, I some-
times use a flap or packing made of pieces 25
of metal or other strong material, covered
with leather, rubber, or other suitable ma-
terial resting on the projections 26 on the in-
side of the shield. These pieces of metal,
leaning againstthe shaft or tunnellining,form
the support for the flexible covering, which,
being pressed tightly against the shaft-lining
by the pressure of the water or material from
above, makes a tight joint or packing hetween
the shield and the shaft or tunnel lining. ‘The
picces of metal simply rest in a groove 24 on
the fitting-strip, being held there by the
Jeather or other covering which is riveted to
them and to the shield. These pieces of metal
are usually curved steel segments and are
covered with rubber, leather, canvas, or other
suitable material constituting a flap surround-
ing the shaft or tunnel lining and closing the
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space between it and the shield, I may also
use -a flap of similar construction to make a

stopping between the outside of the shaft-

lining and the rock above the shield, so as to
prevent sand and clay from descending in

this space and interfering with the injection

of cement through holes in the shaft-lining
above the shield and to prevent the cement
from passing down between the shield and
the rock, thus cementing in the shield.. This
use 1s only temporary, to allow the injection,
through suitable holes in the lining, into the
space between the shaft-lining and the rock
above the shield of hydraulic cement or sand
and some solidifying solution or other suit-
able material, which material, filling the

~ crevices in the rock and the space between

20

the rock and the lining, makes a tight joint
and prevents the passage of water down
around thelining of the shaft.and its entrance

~ Into the shaft below the lining and shield.

30
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The flap is inserted in a recess in the lining-
b

segments of the shaft, and when these have

passed up out of the shield said flap opens
and is pressed out against the rock, prevent-
ing the passage of sand or other material.

~ In driving tunnels through soft ground by
means of a movable shield or caisson pushed
forward from the tunnel-lining it is cus-
tomary to make the front of the shield with
doors, which are left open when the shield is
In firm, dry ground, and workmen go outin
front of it and dig the ground, throwing if
back through these doors, when it is again
handled and thrown into the cars, which con-
vey 1t out of the tunnel. When the shield is
in soft ground,some of the doors are closed and
the soft ground is allowed to come back
through those which are left open, the ma-
terial being squeezed back by the forcing
forward of the shield. The material falls
down onto the bottom of the shield and on
the segmental lining of the tunnel, and from
there is loaded into the cars,asbefore. While
this handling of the materialis going on, the
lining-segments cannot be put in, but the act
of lining and the movement of the shield and
handling of material alternate. The clay,
mud, and water coming into the shield where
the lining-segments are put together renders

- that operation slow, difficult, and expensive,

55
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and the digging and handling of all the ma-
terial by hand is also slow and expensive.
By the adoption of the following devices
which I have invented the speed of driving
tunnels through soft ground can be very

greatly increased and their cost diminished.

I use a double or-annular shield, as shown in
the accompanying drawings. In the annular
space I place extremely-powerful jacks or

~other motors, and I design the shape of the

shield so as to offer the least possible resist-

- ance to piercing the clay, gravel, or other soft

material to be traversed. I placein the front
of the shield jets of water worked under great
pressure to cutradially and loosen the mass of

material compressed in front of the shield and
allow 1t more easily to be forced back through
the center tube. I use a center tube about
ten feet less in diameter than the main shield,
80 as to leave sufficient space between them
for handling and bolting up of the segments
of the tunnel-lining. Thecentertube hasits
forward end provided with doors, (indicated at
5".) These may be of usual construction, and
need not be particularly described herein.
They may be opened, or closed as occasion re-
quires, as in existing shields; but my object is

to do thework of excavating largely by the

power of the jacks or other propelling force
which will push the shield forward,forcing the
soft material back into the car, back of the an-
nular working chamber, without interfering
with the work of putting in the segments of
the lining, which work goes on continuouslyin
the annular space or working chamber. The
segments come 1n on a track on each side of
the center tube and out of the way of the ma-
terial passing from the shield into the ears, so

‘that not only is the work of excavating thus

done by machinery much more expeditiously
and economically than by hand, but the work
lining is greatly facilitated by being done in of
a comparatively clean chamber and by being
made continuous. The form of the front of
the annular shield is such as to offer the least
resistance to its forward movement. When
the ground becomes too firm to allow the shield
to be pushed through it, or when obstructions
are met with, men can dig out in front of the

shield and remove the obstruction, or exca-

vate the ground in the usual manner.
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- In the drawings, 30, Fig. 2, denotes tracks |

or equivalent devices for bringing in the sec-
tions of lining into the working space, and 32 a
track for the removal of excavated material.

Having thus described my improvements,
what I claim is— ' |
- 1. In combination a shaft sinking or tun-
neling shield, power mechanism for advanec-
ing the shield and a gravity device to auto-
matically vary the action of said mechanism,
substantially as set forth. |

2. In combination a shaft sinking or tun-
neling shield, mechanism for advancing the
shield and devices for varying the action of
the mechanism adapted to be automatically
operated by the departure of the shield from
a desired direction consisting of a valve and
an electro-magnet and a circuit maker and
breaker adapted to be operated by gravity to
make or break the magnetizing current, sub-
stantially as set forth. |

o. In a shaft sinking or tunnel driving ap-
paratus the combination of the shield, the
lining, the narrow fixed strips, said strips and
the surface opposed to them being made sub-
stantlally true, and the expansible packing
adjacent to the strips, substantially as set
forth.
4. In a shaft sinking or tunnel driving ap-
paratus the combination of the strips, the
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curved pieces 28 supported thereon, the elas-
tie cover on said picces and the tunnel lining,
substantially as set forth.

5. In a tunnel driving apparatus the shield
having double walls joined at their frontand
curved backwardly and inwardly and con-
neeted to a tubular part provided with doors
5'" to close the same at will, a track for mov-
ing a car in a plane below said tubular part,
acartoremove excavated material, and mech-
anism for pushing the shield forward where-
by the advance of the shield may be made to
automatically load the car, substantially as
set forth. | |

6. Tn a tunnel driving apparatus a shield

4 549,586

having double walls joined at their front, the

inner wall being inclined inwardly and back-
wardly and connected to a tubular part, hy-
draulic jacksorthe like situated between said
walls and a track for carrying lining segments
situated above the bottom of the shield and
hetween its walls, substantially as set forth.

In testimony whereof I have signed this
specification in the presence of two subserib-
ing witnesses.

- RICHARD PENNEFATHER ROTHWELL.

Withesses:
I J. PRATT, |
ATGTSTUS J. CAISON.
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