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SHIELDING APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention:

| This in#ention relates to a shielding apparatus
used in case of constructing horizontél and vertical

. h01es,.tunnels'6r the_like under the ground.

'DéSCription of the Prior Art:

As one of shielding apparatuses for constructing
tunnels or the like.ﬁithout excavating the groﬁnd by
cbﬂsolidating the grdund;as in casé.of uéing a pile
' driving_machine, there is a disclosure of such an
apparatus that comprises a cylindrical shield body, a
crankshaft supported by the shield body rotétably around
the axis of the shield body and having an_ecgeﬁtric
portion, a rotor prdvided in'front'of the shield body
and rotatébly suppdrted by the eccentric'portion of the
crankshaft, the rotor having an éxterﬁal surface'in an
approximately conical or'tfuncated conical form, and a
driving mechanish fbf rotafing the crankshaft around the
axis of the shield.body (Japanese Pat. Public Disclosure
(KOKAI) No. 59-192193). |

This'shielding apparatus known pér se is advanced
by a pipe-propelling'device’diSposed.in the starting -
shaft or the like while the crankshaft is rotated by the

driving mechanism. The rotor makes a revolving motion:




{revolution) around the rotational axis of the
crankshéft in accordance with the rotation of the
crankshaft, and also makes a rotary motion (rotation)
about the écceﬁtric pdrtion of thé crankshaft by
rotating about the eccentric portion of the crankshaft
while bringing the outer circumferential surface of the
- rotor into contact with the ground. Accordingly( the
shielding apparatus known perlSe forms.hdles_Such as.
tunﬁels ihto the ground by'being_advanced while
'consolidating the ground by the outer surface of thé
rotor.

In this kind of shielding aéparatus, a reaction
-férce in the radial direction of the shield body or a
hole to be formed.is Yielded on the rotor in accordance
with the consolidation.of the ground by the rotor. The
reaction force acts on the shield body such that the
shield body is pushed against the ground so as.to yield
a frictional force between the shield body_and the
ground when_the shield body advances. The strength of
such a frictional force giﬁeé a great influence on a
" thrust requifed for_the_advancement of the shield body.

However, since 6nly one rotor is ﬁSed, in the
above-mentioned shielding apparatus known'pér se, the
reactioﬁ force acts on thé.shield body as it is. As a
. result, a'frictiOnél'fdrce between the shiéld body and
.the ground is iarge, and therefore a large thrust is

necessary for the advancement of the shield body.



#

Furthermore, the above-mentioned reactidn force acts on
the shield body as a bending moment, and therefore_the
advancihg direction of the'apparafus is unstable.

As one of other apparatuses for'constructing
tunnels or.the like.without éxcavating the Q;ound by

consolidating the ground,_there is a disclosure (US Pat.

" No. 3,926,267) of such an apparatus that comprises a

. driving mechanism, a crankshaft rotated by the driving

mechanism, and a plurality pf rotors provided in front
of the driving mechahism aﬁd rofatably supported by the
crankshaft. The driving mechanism is provided with a
casing and a plurality of projection porfions protruding
from the casing so as to touch on the'ihner surface of a
hole formed by the revolving and rotary motions of the
rotors.

In this apparatus known per se, the casing of the

' driving mechanism has an outer diameter smaller than the

inner diameter of the hole to be formed. For this
reason, in the process of'thé'hoie being forming, the
hdle around the casing is kept by the ground
consolidated around the.hole, and the rotational

reaction force caused by the revolving and rotary

' motions of the rotors is transmitted to the ground

- through the projection portions..

In such an apparatus using the casing havihg the
outer diameter smaller than the inner diameter of the

hole to be formed in this'manner,'however, the casing



dbes not contact the ground around the hole. Therefore,
there is no problem brought by any ffictional force
céused by the reaction force in the radial direction of
the hole.

ﬁowever, in the apparatus using the casing having
fhe outer diameter smaiier.than the inner diameter of
the hole to be formed in this manner, since the casing

has not action for preventing the ground about the hole

from caving in, the ground about the hole.éannot be

prevented from caving in. Accordiﬁgly, the above-

mentioned apparatus is not‘practical.

SUMMARY oF THE INVENTION

| It is an object.of the present invention t6
proQide a shielding apparatus which can stabilize the
advancing direétioniof the apparatus by minimizing a
reaction force acting on é shield Eody in the radial

direction thereof when the ground is consolidated, and

by reducing a frictiohal force between the ground and

the shield body caused by the reaction force.
A shielding,apparétus of the present invention

gomprises: a cylindrical shield body; a crankshaft

- supported by the shield body rotatably around the axis

of the shield body; a plurality.Of rotors successively
disposed in the axial direction of the shield body in a

front region ahead of the shield body and rotatably

'supported by thé crankshaft; and a driving mechanism fof



rotating the crankshaft_érodnd the axis of the shield
body, wherein the rotors define an approximately conical
or truncated conical outer surface in-éonjunction.with
each other, and the adjoihing rotors are made
eccentric with respect to the axis of the shield body in
the different directions from each other.

| The shielding'apparatﬁs is advanced by a pipe-
probelling_mechanism or tﬁe like while tﬁe_crankshaft is
rotated by tﬁe driving mechanism. Each fotor makes a
révolving motion (revolution) aroﬁnd tﬁe axis of the
rotation of the crankshaft in accofdahce with the
rotation of the crankshaft, and also makeé a rotary
motion-(rotatibn) around the axis of the eccentric
portioh of the crankshaft by revolving while bringing
the outer'circumferential sUrfacé into contact with the
ground. Accordingly,'the_shielding apparatus forms |
holes such as tunnels into the ground by being'advanced.
while consolidating the ground by the outer-surface of_.
the rotors..

Wheﬁ the ground is consolidated, a reaction force
in the radial direction of the shield body yields on
each rotor. However, sinée fne adjoiﬁing rotors are
made'eccenfric with respect to the axis of the shield
body in the diffefent directions from each other, the
direction of the reaction force is various every rotor.
Since fhe réaction force_yielded on each rotor is

thereby offset by each other, the feéction forCé acting



on the shield bbdy_becomes_smallef. As a result, the
frictional force caused between the grbﬁnd and the
shield body caused by the reaction force acting oh the
shield body becomes smaller, and the thrust required for
the advancement of the shield bédy becoines smaller.
Furthermore, since the behdihg moment acting on the
shield body beéomes_smaller in proportion to the
deérease in the reaction force, the'advahéing direction
of the apparatus is sfabilized.'

 According fo_the present invention, as described
above, since a plurality of rotors are used and fhe
adjoining rotors are made ecceﬂtric with'respect to the
axis of the shield body in the different directions from
each other, reaction force yielded on each fotor.when
the ground is consolidated is offset by each other. .As
a result, since a re;cﬁion force acting on the shield
body in the radial direction'beéomes smaller, a
" frictional force between-the ground and the.shield body
caused by the reaction force becomes smaller aﬁd a
bending moment acting on the shield body becomes.
smaller. As a result, ' the advanding direction of the
apparatus is stabilized. | |

It is éfeferable that the shield body is provided

ﬁith a cjlindrical portion and a wall.portion provided
at the front end of the cylindrical portion and diViding
the interiof of the cylindrical pbrfion from a front

region of the shield body, énd that the ‘crankshaft is



rotatably supported by the wall portion. Accordingly,
it can prevent earth and sand frdm getting into the
shield body. ° '

It is preferable to make the adjoining rdtors
eccentric with reépect to the axis of the shield.body in
directions opposite to each other. :Since the reduced
" quantity in the reaction fdrces thefeby becomes larger,
the reaction forée acting on the shield Body, and in its
turn the resulting frictional forée betwéen the shield
body and the ground becomes smaller.

| The crankshaft.may be provided with a plurality
of eccentric portions adjoining in the front region and
for supporting the rotors respecfively. The eccentric
'poftions are formed successively in the axial direction
of the crankshaft, and the adjoining eccentric portions
are made eccentric wifh respect to thé axis of the
shield body in the.differént'directions from each other.

It ié preferable to further comprise a mechanical
seal continuouslyiextending around the crankshaft,
arrahged corresponding fo the adjoining rotors and
acting as a seal between the adjbining rotors, and
another.mechaﬁical seal extending continuously around
the crankshéft,'arranged corresponding to both the
shield body and the_rofor disposed near to the shield
body and acting as a seal between'thé shield body ahd
the rotor disposed near to the shield body.

Accordingly, although the adjoining shield body, rotors



and the rotor disposed near to the shield body
:elativély move in the radial direction of the shield
.body, earth and sand is prevented from getting into the
gap between the rotors and the drankshaft through the
gaps between.the'adjoining rotors énd between the shield
bbdy and the rotor diéposed near to the. shield body.

it is préferable to mount a cutter portion on the
front end of the rotor locéted at the fié end of the
shielding apparafus which excavates the earth and sand
about the axis of the rotor in accordance with the
rbtation of thé rotor; Since the ground about the axis
of the shield body is excaVated,.the rectilinear ability
of the shield body is improved and a necessary thrﬁst
becomes smaller in comparison with_thosé in case where
the ground about the axis of the shieldlbody is not
excavated.

It is preferable that the dylindricai portion has
a first cylindfical portion provided with a wélllportion

and a éecond cylindrical portion connected to the first

cylindrical portion by a plurality of‘jacks arranged at
intervals around the axis. Accordingly, the advancing
direction of the aéparatus can be corrected easilf and
accurately ih coopefation.with the fact that a plurality
of rotoré are arrénged to be eccentric.wifh respect to
the axis of'the.shield body in the different directions

from éeach other.



BRIEF DESCRIPTION OF THE DRAWINGS
" The foregoing and other objects and features of

the invention will become apparent from the following
description of a preferred embodiment of.the invention
with reference to the acdompanying drawings, in which:

Fig. 1 is a sectional view showing a shielding
6pparatus as a preferred embodiment of fhe present
invention;

Fig. 2 is a partially enlarged sectional view
showing the shielding apparatus of Fig. 1:

Fig. 3 is an explanatory view showing.reaction
-forces; and

Fig. 4 is a perspective view from the left side
in Fig. 3 and an alternate explanatory view showing the

reaction forces.

DETAILED DESCRIPTION OF THE PREFERRED ﬁMBODIMENT

| Referring now to Figs. 1 and 2, a shielding
apparatus 10 comprises a cylindricel shield bbdy 14
having an axis 12, a Crankshaft i6_supported by the
shield body 14 rotatably around the axis 12, a plurality_
of rotors 18 and 20 succeesively arranged in a. front
region ahead of the shield body'14 in the direction of

. the axis 12 and rotatabiyféupperted by the crankshaft
.16, and a driving mechanism 22 for rotating'fhe
crankshaft 16 around the axis 12.

The shield body 14 is provided with a first
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cylindrical po:tidn.24, a second cylindrical portion 26
partially fitted to the rear end of the fi;st
-cylindrical portion 24,.a wall portion 28 mounted on the
front end of the first cylindriéél portion 24 and for
dividing the interior of the shield body 14 from the
front region ahead of the shield body 14,-ahd a
plurality of hydraqlic jacks 30 arranged at angular
interval around the axis 12 and for conmnecting the first
and second cylindrical portions 24 and 26 to each other.
The diréction of the cylindrical portion 26 to

the first cylindrical portion 24 is corrected by
exfending'or contracting af least one jack 30 by a
predetermined quantity as it has been known per se.
The advancing direction of the shielding apparatus 10 is
thus corrected. .

N The crankshaft 16 has a main shaft portion 32 and
a plﬁrality of eccentric portions 34 and 36 5uccessively
continuing to one end of the main shaft portion 32, and
is supported by a plurélity of bearings 40 to a boss
portion 38 formed in the”wall_portion 28 so that the
ecéentric poftions 34 and 36 are projected fo;wards from
the wall portion_28; The'rotors_ls and 20 are supported
by a plurality of bearings 42 and 44 to the eccentric
portions.34 and 36; respectively.. The'rotors.18 and 20
are. formed in such a form that defines the outer surface
of an approximately conical or truncated édnical shape

in conjunction with each othef,'



In the illustrated'embodiment, two rotors 18 and
20 are provided, and accordingly, two eccentric portions
34 and 36 are formed in the crankshaft 16.' Therefore,
in the illustrated embodiment, the.rotors 18 and 20 are
_made eccentric with respect to the axis 12 by ey and e,
in the directions opposite to each other. However;
three or more rotors may be used.

The driving mechanism 22 is provided with a
source of rotation 46 such as a motor and a reduction
gear 48 connected to the source of rotation. The
driving hechanism 22 is mounted on the boss portion 38
by a plurality of bolts (not showﬁ) and connected to the
main shaft portion 32 of the crankshaft 16 by a key 50
in the output axis of the reductlon gear 48.

The space where the bearings -40, 42 and 44 are
arranged is filled with lubricating oil. In order to
protect the lubricating oil from earth and sand,
mechanical seals 52 ahd 54 a&e arranged between the wall
portion 28 and the rotor 18 and between the adﬁoining
rotors 18 and 20, respectively. Further, a seal member
{not shown) is arranged between.the drivingiméchanism 22
'and the boss bortion 38.

The mechanical seal 52 is provided with a ring 56
érranged in a recess formed on the rear surface of the
rotor 18 ahd extending around the crankshaft lé-and a
plurality of éompressed coil springs 58 for pressing the

ring against the front surface of the wall portion 28.



" Each spring 58 is arranged in a recess formed on the
rotor 18 at equal angular intervals around the axis 12.
However, the ring 56 énd the springs 58 may be pibvided
at the wall portion'ZE so as to press the ring 56 .
against the rear surface of the rotor 18..

-The mechénical'seal 54 is provided with:a ring 60
‘arranged in a recess formed 6n the front surface of the
rqtof 18 and extending afound.the cranksﬁaft 16 and a
piuralitf of compreésed coil springs 62 for préssing the
rihg against the rear surface of the rotor 20. ~ Each |
spring 62 is arranged.in a recess formed on the rotor 18
at equal angular_interVals around fhe axis 12.

However, the ring 60 a;d the springs 62 May be arranged
in the rotor 20 so as to press the ring 60 against the
front surface of the rotor 18.

Fu:thermore, a cuttér portion 64 for excavating
the earth and sand about the axis 12 in accordance with
"the rotation of the rotor 20 may be provided at the
ffoht end of the rotor 20 located at the tip end of the
shielding apparatus. ’

Since the illustrated embodimént is déscribed as
. a shielding apparatus used.in a pipe propelling method,
the shiélding apparatuszlolis-advanced together with a
pipe 66 by receiving a_thrust from the:pipe;propelling
hechanism or the liké'through one or more pipes 66'
continuing to the rear portion of the shield bédy 14.

However, the advancement of the shielding apparatus may



- 13 -

be carried out by a pluraiity of jacks arranged betwéen
the pipe 66 mounted on the tip'end and the rear portion
- of the shield body 14.

While the shielding apparatus 10 is receiving the
thrust, the crankshaft 16 is rotafed by the rotation
mechanism 22. The rotors 18 and 20 make a revolving
motion (revolution) around the axis 12 in accordance
with the rotation of the crankshaft 16, gespectively;
and also make a rotary motion (rotation) around the axes
of the eccentric poitions 32 and 34 of the crankshaft 16
by revolving while bringing the outer circumferential
 surfaces into contact with the ground}' As a résdlt. thg
shielding apparatus'lo fprms'holes such as tunnels:into
the ground by being advanced While consolidating the
ground by the outer surface of the_rotdrs 18 and 20.

When the'ground is consolidated, a reaction force
in the radial direction of the shield body 14 is yielded
on the rotors 18 and 20.. When the reactiqn force is
transmitted to the shield body 14 és it is,.the shield
body 14 is strongly pressed agéinét the groqnd.
Therefore, a large frictiohal force is-yielded between
the shield body 14 and the.ground, and as a result, a.
large thrﬁst is required for the advanceﬁent of the
shield body 14.

Since the adjoining rotors 18 and 20 inlthe
shielding apparatus 10 are made eccentric with reépect

to the axis 12 in directions opposite to each other, the
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" direction of the reaction force on the rotor 18 is
opposite to that of the reaction force on the rotor 20.
Thereby, the reaction”forces'on'the rotors 18 and 20 are
offset by each other; and fherefore, the reéction force
acting on the shield body 14 becomes smaller. As a
result, the frictional force between the gfound and the
shield body caused by.the'reacfion force becomes
smaller! and - the thrust réquired.for fhe.advancement of
the shield body becomes Smaller. |

If the directions of the reaction forces yiélding
on the rotors are same with each other, the reaction
fordes act on the shield body as a bending moment. When
such a bending moment acts on the shield body, the
advancing direction of the shielding apparatus becomes
unstable. In pArticular, in the illustrated
embodiment, in the case of an épparatus for correcting
the advancing directibn of the shielding apparétus by
‘correcting the direction of the first cylindfical
portion 24 to the second cylindrical portion 26 by means
" of a jack. 30, the advancing direction of the shielding
apparatus.lo becomes unstable due to the bending mbment
acting on the shiéld body. As a result} the directional
correction has to be frequently carried out, the
operation for correcting the direction becomes
complicated and the control of the direction becomes
unstable. |

In the shielding apparatus 10, however, since the



directions of the reaction forces yielding on the rotors
18 and 20 ére.offset by each other, the reaction forces
of the rotors 18 and 20 are reduced'by each other, and
therefore, a reaction force acting on the shield body 14
as a bending moment'becomes smaller. As a result, the
advancing direction of the shielding apparatus 10 is
staﬁilized. Furthermore, although the apparatus is-
designed so as to Be_pérticularly controilable in
~.direction, the advancing direction of thé shielding
apparatus 10 is stabilized, the frequency of directional
correction is decreased, the operation for correcting
the directibn becdmes-easy and the control of the
direction is stabilized. .

'In the illustrated embodiment, as shown in Figs.
3 and 4, a feactidn force F18 of the rofor 18 is divided
into a reaction force F1l4 acting on the shield body 14
and another reaction force F20 acting on the rotor 20.
The reaction force Fl4 acting on the shield body 14 is
' remarkabiy reduced in comparison with that in case where
the rotors 18 and 20 are made eccentric with respect to
the axis of the shield body in the same direction. That
is, in the illustrated embodiment, the reaction force

Fl14 acting on the shield body 14 is ¢given by:

F14 = F18 - F20
However, in case where the rotors 18 and 20 are
made eccentric with respect to the axis of the shield

- body in the same direction, the reaction force F14 is



given by:

Fl14 = F18 + F20

The ratio of the reaction force F14 to the
reaction force F20 is determined by the ratio of the
pressure receiving area of the_shield_body 14 to the
pressure receiving area of the rotor 20. The reaction
force F1l4 acting.on the shield body 14 can be minimized
by increasing.the numbér of rotors to be.uéed. in case
of using three or moreirotbrs, the'rofbrs.may be
provided so that the eccentric directions of the rotors
may be arranged at an.eﬁual angular interval about the
axis 12. Otherwise, the rotors méy be:provided so that
the eccentric directions of the adjoining rotors may be

opposite torthe_axis 12.
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Claims:
1. A shielding apparatus, comprising:

a cylindrical shield body (14);

a crankshaft (16) supported by said shield body
rotatably around the axis (12) of said shleld body:

a plurality of rotors (18,20) successively

provided in the direction of said axis in a front region.

ahead of said shield bodf and rotatably aupported by
said crankshaft; and .

a driving mechanism (22).for rotating said
crankshaft around said axis;

wherein said rotors (18,20) define an
approximately'conical of_truncated conical outer surface
in conjunction with each other; and

" the adjoining rotors (18,20) are made eccentric

-with respect to fhe shield'body (14) in the different.

directions from each other.

2. A shielding apparatus according to claim 1,
wherein said shield body (14) is provided with a

cylindrical portion (24, 26) and a wall portion located

‘at the front end of said cyllndrlcal portlon (28) and

) d1v1d1ng the 1nter10r of sald cyllndrlcal portlon from a

_front region of theﬁshleld bodyk and sa1d crankshaft

(16) is'rotatably supported by saidlwall portion (28).

3. A shielding apparatus according to claim 1,

" This Sheet Has Been Replaced
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wherein the adjoining rotors (18,20) are made eccentric
with respect to the axis (12) of the shield body (14) in

the dpposite directions to each other.

4. A shielding apparatus according to cléim 1,
‘wherein said crankshaft (16) has a plurality of
eccéntric portions (34,36) succéssively formed in the
direction.of said axis in said front région_and for
supporting said rotors (18;20), respectively, and said
adjoining eccehtrié'portioﬁs (34,36) are made'eccentric
with respect to the axis of the shield body (14) in the .

different directions from each other.

5. A shielding apparatus according to claim 1,
further.comprising:

a medhanical seal (54) extending continuously
around said crankshaft (16), provided corresponding to
said adjoining rotors (18,20) and for écting as a seal
between the adjoining rotors (18,20); and

another mechanical seal (52) extending
confinuously around said crankshaft'116), provided
correqunding to both of said-shield body (14) and the
rotor (18) disposed near to the shield body and for
acting as a seal between the shield.body (14) ana the

rotor (18) disposed near to the shield body.

6. A shielding apparatus according to claim 1,

This Sheet Has Been Replaced
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wherein.said rotor‘(20).located at the tip end of the-

apparatus has a cutter portlon (64) located on the front
end of said rotor (20) and for excavating the earth and
sand about the axis (12) in accordance with the rotation

of said rotor (20).

7. A shielding apparatus according to claim 2,

wherein said cylindrical portion (24,26) has a first
cylindrical pdrtion (24) provided with said wall portion
(28) and a secbnd cylindrical portion (26) connected to
the rear portion of said first cylindrical portion (24),
and said first and second cyiindrical portions (24,26)
are connected to éach other by a plﬁrality of jacks k30)

arranged at intervals around said axis (12).

" This Sheet Has Been Repla
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