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Field of the Invention:
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This in#ention relates to a shielding apparatus

used in case of constructing horizontal and vertical

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

‘Description of the Prior Art:

As one of shielding apparatuses for constructing

tunnels or the like without excavating the ground by

cbﬂsolidating the graund'as in case 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 rotatably around

the axis of the shield body and having an_eceentric

portion, a rotor provided in front of the shield

and rotatably suppdrted by the eccentric'portion

crankshaft, the rotor having an external surface

approximately conical or truncated conical form,

body
of the
in an

and a

driving mechanism for rotafing the crankshaft arohnd the

ax1s of the shleld body (Japanese Pat. Public Dlsclosure

( KOKAI) No. 59- 192193)

This shielding apparatus known per 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:




apparatus that conprises a cylindrical shield body, a crankshaft supported
by; the shield body rotatably around the axis of the shield body and having
an e€ccentric portion, a rotor provided in front of the shield body and
rotatably supported by the eccentric portion of the crankshaft, the rotor
having an external surface in an approxpmately conical or truncated
conical form and a driving nechanismfor- rotating the crankshaft around
the axis of the shield body (Japanese Pat. Public Disclosure (KOKAI) No.
59-192193). Thi s shi el di ng apparatus known per se is advanced - by a

pi pe- propel | i ng(devbeatdbaposedund the Fodaitiidthalshkadils &F tie | i ke while
the crankshaft is rotated by the driving nechani sm The rotor nakes a
revol vi ng noti oorankshaft 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 éo 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 Qiﬁeé 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.



-2- & (revolution) around the rotational axis of the crankshaft in

accordance wth the rotation of the crankshaft, and also makes a rotary
mot ion (rotation) about the eccentric portion of the crankshaft by
rotating abaut the eccentric portion of the crankshaft whil e bringing
the outer circunferential surface of the rotor into contact with the
ground. Accordingly, the shi el di ng applratus known per se forms hol es
such as - tunnels into the ground by being advanced while consol i dating
the ground by the outer surface of the rotor. In this kind of

shi el di ng appargﬁys a reactign force in the radial direction of the

shiel d body or a “*HEFEUE et HorIRY T I"SFbioRed ohedREleBt HPEFR 8€ESr BRNnCce
with the_Con50|iékgiéﬁhégdtgga§”é§”giég%éiﬁbrégégﬁt; gyg 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
coﬁsolidating the ground;_there is a disclosure (US Pat.

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

. driving mechanism, a crankshaft rotated ﬁy 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_causéd by the revolving and rotary

- motions of the rotors is'transhitted to the-groﬁnd

- through the projécfion portions.. |

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

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



rreactjon force acts on the shield body such that the -shield body is
pushed agai nst the ground so as to vyield a frictional force between the
shi*el d body and the ground when the shield body. advances. The strength of
such a frictional force gives a great influence on a thrust required for
t he advancement of the shield body. 4 However, since only one rotor

Is used, in the above- nenti oned shreldrng apparatus known per se, the
reaction force acts on the shield body as it is. As a result, a frictional
force between the shield body and the ground is |arge, and therefore a

| arge thrust isdoeecestadniteict headiinrimeiownid tite Hokld iyrefore,

> there is no problem brought by any frictional force
caused 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, 51nce the casing
has not action for preventing the ground about the hole
-from caving in, the ground about the hole cannot 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 ta
proQide a shielding apparatus which can stabilize the
advancing direetioniof the apparatus by minimizing a
reaction force acting on a shield pody in the radial
direction thereof when the ground is consolidated, aﬁd
by reducing a fricfiohal force between the grouad and |
the shield body cauSed-by the reaction force.
A shielding,apparatus of the presentlinvention
eomprises: a cylindricai shield bodyr a crankshaft
: supporfed by the shield body rotatabiy 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 the crankshaft; and a driving mechanism fof



Furthernore, the above-nentioned reaction force acts on the shield body as
a sbendi ng nonent, and therefore the advancing direction of the apparatus

i s unstable. As one of other apparatuses for constructing tunnels
or the like without excavating the ground by consolidating the ground,
there is a disclosure (US Pat. No. 3,926,267) of such an apparatus that
conprises a driving nmechanism a crank%h fi rotated by the driving
mechanism and a plurality of rotors provided in front of the driving
mechani sm and rotatably supported by the crankshaft. The driving nechani sm

I's provided V"'”}&-hetcfx? eh &Neh-Zn Pl S AL T4 o@ﬂdpﬁﬂé%kiQ”o?O{;BéOEﬁ

pI’OtI’UdI ng from casing so as to touch on the 1 nner surface O a hol e

formed by the raygdyl RghHhd Ok Yr dBS L9 e Pind Nan sPbPoRimately cohfichli S

apparatus known per” se, the casing of the driving nechanism has an outer

dlaneter snal | erost hefudd¥ted conical outer surface 1n-conjunct10n 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



I nner .di aneter of the hole to be fornmed. For this reason, in the process
of; the hole being formng, the hole around the casing is kept by the
ground consolidated around the hole, and the rotational reaction force
caused by the revolving and rotary notions of the rotors is transmtted to
the ground ‘through the projection portions. : I'n such an apparat us
usi ng the casing having the .outer diamefer smaller than the inner dianeter
of the -hole to be formed.in this nmanner, however, the casing

4 does not contact the ground around the hole. Therefore, .

on the shield body_becomes_smaller. 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



there.s no problem brought by any frictional force caused by the reaction
farce in the radial direction of the hole. However, in the
appar at us using the casing having the outer dianeter snmal l er than the

i nner dianeter of the hole to be fornmed in this manner, since the casing
has not action for preventing the ground .about the hole -fromcaving in,
the ground about the hole cannot be prevented fromcaving in

Accordingly, the above- nentioned apparatus is not practical. SUMVARY
OF THE | NVENTI ON is an object of the present invention to

It
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the radial direq!ich it Wsnl end oM #Sof 0gePti8gt Blto2Pfle DY
reducing a frictional force between-the ground and _ :
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



t.he shield body caused by the reaction force. A shi el di ng apparatus.
of the present invention conprises: 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 the crankshaft; and a driving nmechani sm for

-b5- rotating the crankshaft around the axis of the shield body, wherein
the rotors define an approxi-mately conical or truncated conical outer

surface in_conjggﬁtkg@ WBEQr_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. those 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.



each other, and the adjoining rotors are made eccentric with respect to
the axis of the shield body in the different directions fromeach other.
The shiel ding apparatus is advanced by a pipe- propelling mechani smor the
li ke while the crankshaft is rotated by the driving mechanism Each rotor
makes a revoIV|ng notion (revolution). ground the axis of the rotation of
t he crankshaft in accordance with the rotation of the crankshaft, and al so
makes a rotary notion (rotation) around the axis of the eccentric portion
of the crankshaft by revolving while bringing the outer circunferenti al

surface into cpripet ppschibheongoeunde BRawrsengl y, the shiel ding apparatus
forms holes such as tunnels into the ground by being advanced while

consol.idating the gronhd bgréfeinygt andsothaceobfijectBeandt deatures of Wen
the ground is consolidated, a reaction force in the radial direction of
t he shi el d bodyhgi éhdenbhon will become apparent from the following
description of a preferred embodiment of.the invention
with reference to the aceompanying drawings, in which:
Fig. 1 is a sectional view showing a shielding
apparatus as a preferred embodiment of the 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 cylindrical 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 rotatably supported by the crankshaft
.16, and a driving mechanism 22 for rotating the

~ crankshaft 16 around the axis 12.

The shield body 14 is provided with a first



each rotor. However, since the adjoining rotors are nade eccentric with
respect to the axis of the shield body in the different directions from
-each other, the direction of the reaction force is various every rotor.
Since the reaction force yielded on each rotor is thereby offset by each
other, the reaction force acting - ' - 6- on
the shield body becomes smaller. As a idsult, the frictional force caused
bet ween the ground and the shield body . caused by the reaction force acting
on the shield body becones smaller, and the thrust required for the
advancenent o%y&ﬂg hi el.d bo

ndrical po:qcyidl%lecqurtesa Ssrg%:loln%’ 'c’ylindric_al 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,'



Furthernore, since the bending nonent acting on the shield body becones
spal ler in proportion to the decrease in the reaction force, the advancing
direction of the apparatus is stabilized. According to the present
invention, as described above, since a plurality of rotors are used and

t he ad10|n|ng rotors are nmade eccentric th respect to the axis of the
shield body in the different directions %rgn1 each other, reaction force

yi el ded on each rotor when the ground is consoli dated i s of fset by each
other. As a result, since a reaction force acting on the shield body in

the radial direction S BIBMELaran LibsAingAt, | heerbebrgenst B

ground and the shield ody caused by e reaction force beconmes snmall er
and a bending JPEN B4 @D AME S8ESEAIRGTY, PEGOMBECeAfRliLCporfions

result, the advancing direction of the appara us is stabilized.
is preferable thatagpadeIshaet dESPAYA | Sn PERYi @f8nkshaft 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.



With a cylindrical portion and a wall portion . provided. at the front end of
the cylindrical portion and dividing the interior of the cylindrical
portion froma front region of the shield body, and that the crankshaft is
-7- rotatably supported by the wall portion. Accordingly, it can :
prevent earth and sand fromgetting into the shield body. "L It is
preferable to nake the adjoining rotors 1%ctentric with respect to the axis:
of the shield body in directions opposite to each other. Since the reduced
guantity in the reaction forces thereby becones |arger,

" 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



the reaction force acting on the shield body, and in its turn the
resulting frictional force between the shield body and the ground becones
smHl | er. The crankshaft nmay be provided with a plurality of
eccentric portions adjoining in the front region and for supporting the
rotors respectively. The eccentric pertidons are formed successively in the
axial direction of the crankshaft, and the adjoining eccentric portions
are made eccentric with respect to the axis of the shield body in the
different directions fromeach other. - It is preferable to further
conpri se a mechenkcealriedeatutc byt ianpdugial idyt efdijayks eudndeasd dredmesaf t
arranged corresponding to the adjoining rotors and acting as a seal

‘bet ween the adﬁgﬁnpﬁ@eréﬁoW@Pnéﬁ@ OanégﬁeﬁimE@W@hﬁaﬂ theg | reas g hipn
continuously around the crankshaft, arranged corresponding to both the

shi el d body an@ft k8er §hdeldi ¥98¥ed4near to the shield body and acting as a

seal between the shiel ody . and
_ Wﬂi&e %he shielding apparatus 10 is receiving the

thrust, the crankshaft 16 is rotated 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



the rotor disposed near to the shield body. Accordingly, although the

adj oining shield body, rotors - 8- and
the rotor disposed near to the shield body relatively nove in the radial
direction of the shield body, earth and sand is prevented fromgetting
into the gap between the rotors and the ,crankshaft through the gaps

- between the adjoining rotors and between4the shield body and the rotor

di sposed near to the shield body. It is preferable to nmount a
cutter portion on the front end of the rotor |ocated at the tip end of the

shi el di ng appaigatries 4 b £y A i aydde ¥ @Gkotor 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



about .the axis of the rotor in accordance with the rotation of the rotor.
Si.nce the ground about the axis of the shield body is excavated, the
rectilinear ability of the shield body is inproved and a necessary thrust
becomes snaller in conparison with.those in case where the ground about
the axis of the shield body is not excavat ed. ' It is preferable
that the cylindrical portion has a firslScylindrical. portion provided w-th
a wall portion and a second cylindrical portion connected to the first
cylindrical portion by a plurality of jacks arranged-at intervals around
the axis. According Iz t he advancing direction of the apparatus can be
corrected easi | §iE®gtians P&t BNy raaebspBr APFERSWARLAABYF 98¢ thRarotors
luralit of ors_are arranged to be eccentric with respect to the axis
gf t he sﬁleld bﬁ% andh éﬁeaﬁ?f? Feat Byreefhofther, ofth@acRastAen 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
staoilized. Furthermore, although the apparatus is-
designed so as to oe_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
tho direction becomes-easy and the control of the
direction is stabilized. .
'In the illustrated embodiment, as shown in Figs.

3 and 4, a reactlon force F18 of the rotor 18 is divided
into a reaction force F1l4 acting on the sh;eld 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.oase 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
Fl4 acting on the shield body 14 is givén-by:

Fl4 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 Fl4 is



-9- .. BRIEF DESCRI PTI ON OF THE DRAMVNGS The foregoi ng and ot her

ohjects and features of the invention will becone apparent fromthe

foll owing description of a preferred enbodi ment of the invention with
reference to the acconpanying draw ngs, in which: Fig. 1is a
sectional view showi ng a shielding appajgtus as a preferred enbodi ment of
the present invention; Fig. 2 is a partially enlarged sectiona
view show ng the shielding apparatus of Fig. 1; Fig. 3 is an

expl anatory view showi ng reaction forces; and
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.



Fig 4- wfromthe left side in Fig. 3 and an élternate_
expl anat llhe reaction forces. - DETAI LED DESCRI PTI ON OF
THE PREF&MIIIH'M“}HMW Referring nowto Figs. 1 and 2, a

shi el di ng * appartat is 10 tonprises a cylindrical shield body 14 having an
axis 12, a crankshaft 16 supported by t shield body 14 rotatably around
the axis 12, a plurality of rotors 18 and 20 successively arranged in a

front region ahead of the shield body 14 in the direction of the axis 12
and rotatably supported by the crankshaft 16, and a driving nechani sm 22

for rotating the g gankshaft 16 around the axis 12. The shi el d body
14 is prOV|ded mnfh a first
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 région.
ahead of said shield bodf and rotatably éupported 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 eéch other; and

" the adjoining rotors (18,20) ére made eccentric.
-with respect to fhe shield'body (14) in the different.

directions from each other.

2. A shielding épparaﬁus according to claim 1,
wherein said shieid 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 theﬁshield bodyk and said crankshaft

(16) is'rotatably supported by said wall portion (28).

3. A shielding apparatus according to claim 1,

" This Sheet Has Been Replaced




- 10 -, cylindrical portion 24, a second cylindrical portidn'26
~partiall | e rear end of the first «cylindrical portion 24, a

wal 1l porti “ﬁ“tﬁ“ the front end of the first cylindrical portion
24 and form“m“m)m el Bt erior of the shield body 14 fromthe front
regi on ahead of the Shield body 14, and a plurality of hydraulic jacks 30
arranged at angular interval around rhdBaxis 12 and for connecting the

first and second cylindrical portions 24 and 26 to each other. . , The
direction of the cylindrical portion 26 to the first cylindrical portion

24 | : d, by . di . t t t t j ack 30 hy.
AR L SN R I e
direction of tQ?tﬁhkSLBEBQ t@pﬂﬁgag§551Q1b§ 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 eccehtri§ 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 ﬁhe 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




end of th on 32, and is supported by a
bearings 4 spoftion 38 forned in the wall port
eccentric portlons 34 and 36 are proj-ed%d forwards from
28. The rotors 18 and 20 are supported by a plurality of
44 to the eccentric portions 34 and 36, respectively.

20 are forned in such a formthat defines the outer surf

t hus QOLLiglgg”’f”””Thé crankshaft 16 has a mai n shaf
a.plurak “ﬁ%ﬂ rtions 34 and 36 -successively

t portlon 32 and
continuing to one
plurality of '
lon 28 so that the
the wall portion
beari ngs 42 and
The rotors 18 and
ace of an

appr oxi mat el y wheniedal serid moteat chOC)ormmt@\aqﬁe they timjemdtoBHnthet h each

ot her.

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 second cylindrical portion (26) connected to

the rear portion of said first cylindrical portion (24),

and said first and second cylindrical portions (24,26)

are connected to each other by a plurality of jacks (30)

arranged at intervals around said axis (12).

" This Sheet Has Been Repla
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In the illustrated enbodi ment, two rotors 18 and 20 are prOV|ded and
accordingly, two eccentric port|0n§ 34 and 36 are formed in the crankshaft
16. Therefore, in the illustrated enbodinent, the rotors 18 and 20 are
made eccentric with respect to the axis 12 by e[err] and e[err] in the
directions opposite to each other. Hawgyger., three or nore rotors nay be.
used. The driving mechanism 22 is provided with a source of
rotation 46 such as a notor and a reduction gear 48 connected to the
source of rotation. The driving nmechanism 22 is nounted on the boss

portion 38 byapshhiacal:ity of bolts (not shown) and connected to the main
shaft portion 32 of the crankshaft- 16 by a key-50 in the output axis of

the reduction gear 48A shieldinbhappeacsusheranpiiesdea ioybindyiddl and 44

are arranged is filled with lubricating oil. In order to

' shield body (14), a cramnkshaft (16) supported by the
shield body rotatably around the axis (12) of the shield
body, a plurality of rotors (18,20) successivgly
provided in the direction of the axis in a front region
ahead of the shield body and a dr1v1ng mechanlsm (22)
for rotating the crankshaft around the axis, whereln the
rotors (18,20) define the outer surface of an
approximately cdnical or truncated cohical shape in
conjunction with each-other, and the adjoining rotors
(18,20) are made eccentric with respecf to thé axis of

the shield body in the different directions from each

other.

This Sheet Has Been Replaced
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protect the Iubrlcatlng oil fromearth and sand, nechanical seals 52 and
54 are arranged between the wall portion 28 and the rotor 18 and between
the adjoining rotors 18 and 20, respectively. Further, a seal nenber
(not shown) is arranged between the driving nechanism 22 and the boss
portion 38. The nechanical seal 52 is provided with a ring 56
arranged in a recess forned on the rear surface of the rotor 18 and
extending around the crankshaft 16 and a plurality of conpressed coi
springs 58 for preSS|ng the LA fagq»nst the front surface of the wall

portion 28. . s : D' e - 12 -
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Each gpring 58 is arranged in a recess formed on the rotor 18 at equal
angul ar intervals around the axis 12. However, the ring 56 and the springs
58 nmay be provided at the wall portion 28 so as to press the ring 56

agai nst the rear surface of the rotor 18. - The mechani cal seal 54 is
provided with a ring 60 arranged in a recess forned on the front surface
of the rotor 18 and extending around the.crankshaft 16 and a plurality of
conpressed coil springs 62 for pressing the ring against the rear surface

of the rotor 20. Each sprijn ﬂ§2’ arranged.in a recess fornmed on the
rotor 18 at equal -angul ar | around the axis 12. However, the ring
60 and the springs 62 ed inthe rotor 20 so as to press the
ring 60 against the fr f the rotor 18. Furt hernore, a
cutter portion 64 forgex : earth and sand about the axis 12 in
accordance with the f @ﬁ 20 may be provided at the
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front.end of the rotor 20 located at the tip end of the
appar at us. Since the illustrated enbodi nent

shi el di ng. apparatus used in a pipe propelling nmethod, the
apparatus 10 is advanced together with a pipe 66 by receiving a thrust
fromthe pipe-propelling nechanismor the |ike through one or nore pipes
66 continuing to the rear portion of the shield body 14.
advancenent of the shiel di ng apparatus may

13 - be carried out by a plurality of jacks arranged between the pipe
66 nounted on the tip end and the rFJ yior_G'on 31‘ the shield body 14.

'on

Fia 14

18

shi el di ng
is described as a

shi el di ng

However, the

Fis 24

Fla

14

Fis

\
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Whil e the shielding apparatus 10 is receiving the thrust, the crankshaft
l6:is.rotated by the rotation nechanism 22. The rotors 18 ag&sag_ﬂ@aeaa
revol ving notion (revolution) around the axis 12 in accordanc wth the
rotation of the crankshaft 16, respectively, and also nmake a rotary notion
(rotation) around the axes of- the eccentric portions 32 and 34 of the
crankshaft 16 - by revolving while bringing the outer circunferenti al
surfaces into contact with the ground. As a result, the shielding
apparatus 10 fornms hol es such as tunne?@ +nto the ground by bei ng advanced
whi l e consolidating the ground by the'outer surface of the rotors 18 and
20. WhEHLELRENG) r APPARATUSONSsol i dated, a reaction force in the
radi al direction of the shield body 14 is yielded on the rotors 18 and 20.
Wien the reacdti%ddkte is transnmtted to the shield body 14 as it is, the

shield body 14 is strongl ressed agai nst the_ ground.
y A sh efafhg appargtus compriges a cylindrical

shield body (14), a crankshaft (16) supported by the
shield body rotatably around the axis (12) of the shield
body, a plurality of rotors (18,20) successively
provided in the direction of the axis in a front'region
ahead of the shield body and a driving mechanism (22)
for rotating the crankshaft around the a#is, whérein the
fotors (18,20) define the outer surface of an
approximately conical or truncated conical shape in
conjunction with each.other, and the adjoining rotors
(18,20) are made eccentric with respect to the axis of
the shield body in the different directions from each

pther.

FIGURE 2
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Therefore, a large frictional force is. yielded between the shield body 14
and the ground, and as a result, a+ large thrlist is required for .the
~advancenent of the shield body 14. -~ - Since the adjoining rotors 18
and 20 in the shielding apparatus 10 are nmade eccentric with respect to
the axis 12 in directions opposite to-edch other, the

- 14 - 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 therefore, the

reaction force acting on the shield body 14 becones snaller. As a-
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result, the frictional force between the ground and the shield body caused
by the reaction force becones snmaller,, and the thrust required for the
advancenent of the shield body becones snaller. If the directions
of the reaction forces yielding on the rotors are sanme with each ot her,
the reaction forces act on the shiel & Bbdy as a bendi ng nonent. Wien such
a bendi ng nonent acts on the shield body, the advancing direction of the
shi el di ng appar at us. beconmes unst abl e. In particular, in the illustrated
enbodi ment, in the case of an apparatus for correcting the advancing
direction of the shielding apparatus by correcting the direction of the
first cylindrical portion 24 to the second cylindrical portion 26 by neans
of a jack. 30, the advancing direction of,the shielding apparatus 10
becones unstabl e due to the bendi pggffe acting on the shield body. As a

result, the directional o
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ccorrection has to be frequently carried out, the operation for correcting
the direction beconmes conplicated.and-the control of the direction becones
_unst abl e. In the shielding apparatus 10, however, since the

- 15 - directions of the reaction forces yielding on the rotors 18 and
20 are offset by each other, the reacticdh 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 bendi ng nonment becones snaller. As a result, the
advanci ng direction of the shielding apparatus 10 is
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stabilized. quﬂuﬂ "ﬂ gh the apparatus is designed so as to be
particul arly 4' !ﬂ" EI rection, the advancing direction @&%H He*’

i zed, the fre

shi el di ng,, apparatust1Oniss stabi

correction is decreased, the operation for corriecti®
beconmes easy and the control of the

dilrect i on

QUERAGY- O G- BE - ORA
Fetd T eéfﬂah 59
CREFE! L0 pagt .
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the illustrated enboigAFORE PATERP™ in Figs. 3 ¥R Sa l’eac‘taéh"ff orpet !
F18 of the rotor 18 is grXNggf 1njo a reaction fOLce&E$ﬂ3a¢I$ng .0fo phged ...

shield body 14 an

n force F20

acdi ibgiran t hgagat.on t@@agedThe

reaction force F14 acting on the shiel'd body 14 is renmarkably reduced in

conparison W th tQpiinh8 case where

the rotors

with respect to

18‘ﬁﬁd’29‘ epimde 7if{dEntri c
the axis of the shield body in~the- ﬁzi"“égg """"" _

is, inthe illustrated enbodi nent, the reaction force F14 acting on the
shi el d body 14 |s1.g| Vvenshielding appaFat«us: camprising a cylindrical

shield body (14), a crankshaft (16) supported by

" said shield body rotatably around a longitudinal axis

(12) of said shield body, a plurality of serially mount-
ed rotors (18, 20) in the direction of said axis in a
front region ahead of said shield body and rotatably
supported by said crankshaft (16) and a driving
mechanism (22) for rotating said crankshaft (16)

‘around said axis (12), wherein said rotors (18, 20)

cooperate to define an approximately conical or
truncated conical outer surface, characterised in
that said adjoining rotors (18, 20) are eccentric with
respect to said axis (12) in opposite directions to
each other and said body (14) includes a first cylin-
drical portion (24), a second cylindrical portion (26)
connected to the rear portion of the first cylindrical

portion (24), a wall portion (28) located at the front
" end of said shield body to separate the interior of

said cylindrical portion from said front region, a plu-
rality of jacks (30) for connecting said first and sec-
ond cylindrical portions (24, 26) to each other, said
jacks being located at intervals around said axis
(12) and said crankshatft (16) being rotatably sup-
ported by said wall portion (28).

A shielding apparatus according to Claim 1, where-
in said crankshaft (16) has a plurality of eccentric
portions (34, 36) successively formed in the direc-
tion of said axis {(12) at portions of said front region
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—_—
However, in ca‘em‘m tars 18 and 20 are nmade eccentric with
respect to thel m,"}g"mmmd body in the sane direction, the reaction
force Fldsi's oL e s - 16 - gi ven by;
F14 = F18 + F20 The ratio of the reaction force F14 to the
reaction force F20 is determi ned by the2ratijgneGaPORE IIEwT]' € ' €cei ving
area of the shield body 14 to the pressure receleA@gEfHea f the rotor 20.
The reaction force F14 acting on the shiel abody—t4—cam—be'm ni m zed by
i ncreasing the nunber of rotors to be used. I n case

for supporting said rotors (18, 20) and wherein said

adjoining eccentric portions (34, 36) are eccentric
- with respect to said axis (12) in opposite directions
to each other. :

3. A shielding apparatus according to Claim 1, further
comprising & mechanical seal (54) extending con-
tinuously around said crankshaft (16), correspond-
ing to at least one pair of said adjoining rotors (18,
20) for acting as a seal between said adjoining ro-
tors (18, 20) and a mechanical seal (52) extending
continuously around said crankshaft (16) corre-
sponding to both said shield body (14) and the rotor
(18) disposed nearest to the shield bady for acting

as a seal between the shield body (14) and said
nearest disposed rotor (18).

4. A shielding apparatus according to Claim 1, where-
in the rotor (20) located at a tip end of the apparatus
has a cutter portion (64) located on a front end of
said rotor (20), the cutter portion excavating the
earth and sand about said axis (12) in accordance
with the rotation of said rotor (20).

5. Ashielding apparatus according to Claim 1, where-
in said crankshaft (16) has a pair of eccentric por-
tions (34, 36) formed adjacent to each other at said
front region in the direction of said axis (12) for sup-
porting said rotors (18, 20) respectively and said ec-
centric portions (34, 36) are eccentric with respect
to the axis (12) of the shield body in oppos:te direc-
tions from each other.
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of using three e rotors may be provided so that the
eccentric di recmmm "I".MHH"!I may be arranged at an equal angul ar
interval about the ¢ axi s®l2s herwi se, the rotors nmay be provided so
that the eccentric dlrectlons of the adj oi ni ng rotors nay be opposite to

the axis 12. .- -3~ 1Z- Clainms 1. A shielding
apparatus conprising a cylindrical shi el d SINBGAPORY paRERTRNKShaft (16)
supported by sai d shield body rotatably afoundzRakopgitud] nal axis
(12) of said shield body, a plurality of serially mount - d rotors (18,
20) in the directi [ ' f said
shield body and r at ?ﬁ'%kﬂnm%ﬁtﬁa %cc %@é‘?g?ﬂﬂaf ?‘%&? and a
driving mechani snir bayp rp@r&ac%plray!d@dd crankshaft (16) around
said axis (12), wherein said rotors (18, 20) cooperate to defi ne an

approximately conigal  shielding apparatus according to Claim 1, where-

in said shield body (14) is advanced by receipt of a
thrust at a rear portion of said shieid body.
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~

trunCat ed conical outer surface, characterised in ~ that said ?ci%‘cll NipAG
rotors (18 20) are eccentric with = respect to said axis (12)
posi t e ¢irections to each ot her and said body (14) includes a first

cyI in- . H“lmﬂmml Mjl'lﬁ a second cylindrical portion (26)
connected t n of the first cylindrical portion (24), a
wal [ portion (2'8) ofat éd at the frop end of said shield body to
separate the interior of - said cy | ndri cal portlonﬁ{m Eﬂ,front
region, a plu- rality of jacks (30) for connecting sal ;tS’_&IE(‘ﬂ. sec-
ond cylindrical portions (24, 26) to each other, said j acks bei ng -

| ocated at intervals around said axis (12) and sai d crankshaft (16)
being. rotatably Qaims ported by said wal I portion (28). 2. A shielding
apparatus according to Caim1l, where- in said crankshaft (16) has a
plurality of eccentric portlons (34, 36) successively formed in the

di rec- tion df. sA sshieldinglZpparatust comsprisingpi @ tylindricadi on

adpoi ning evoentry o Shid B6 (0 draishlh £f) WUBERFRANE
said axis (12) in oppais shield r@tgtably argupsha lengitydinal axis
(12) of said shield body, a plurality of serially mount-
ed rotors {18, 20) in the direction of said axis in a
front region ahead of said shield body and rotatably
supported by said' crankshaft (16) ‘and a driving
mechanism (22) for rotating said crankshaft (16)
‘around said axis (12), wherein said rotors (18, 20)
cooperate to define an approximately conical or
truncated conical outer surface, characterised in
that said adjoining rotors (18, 20) are eccentric with
respect to said axis (12) in opposite directions to
each other and said body (14) includes a first cylin-
drical portion (24), a second cylindrical portion (26)
connected to the rear portion of the first cylindrical
portion (24), a wall portion (28) located at the front
" end of said shieid body to separate the interior of
said cylindrical portion from said front region, a plu- -
rality of jacks (30) for connecting said first and sec-
ond cylindrical portions (24, 26) to each other, said
“jacks being located at intervals around said axis
(12) and said crankshaft (18) being rotatably sup-
ported by said wall portlon (28).

2. A shielding apparatus according to Claim 1, where-
in said crankshaft (16) has a plurality of eccentric
portions (34, 36) successively formed in the direc-
tion of said axis (12) at portions of said front region
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3. A"shleld rdlngto Caim1l, further conprising a
mechani cal um nﬂﬂ'mﬁﬁg g con- ti nuously around said crankshaft
(16), .correspon L at | east one pair of said adjoining rotors
(18, - 20) for acting as a seal between said adjoining ro- tors (18,
20) and a nechani cal seal (52) extending conti nuousI%) around said
crankshaft (16) corre- ~ sponding to bﬁ h sai d shiel & MQEMENTSMEEH he
r ot or (18) di sposed nearest to the shreld body for acting as a seal
bet ween the shield body (14) and said nearest disposed rotor (18). 4.
A shiel ding apparatus according to Caiml, wher e- in the rotor (20)

| ocated at a tip end fof suppcatipg saidsrotors (‘rﬁ,sZ&) aadtwhepelrtsand (64)

| ocated on a front e O t

excavating the %]eLnlngdecééngn%gfq}hgg%d axl S %g% &F%&g{!cor dance |
with the rotation of “!@i‘d’eﬁﬂﬁﬁt tosaid axds (AZ%HH&RRQ&J‘I%@H&C&IQW accor di ng
to Claim1, where- to egcﬁzutﬁe@rankshaft (16) has a pair of eccentric por-
tions (34, 36) formed adjacent to each other at said front region in
the direction of said axis (12) for sup- porting said rotors (18, 20)
respectively and 3ai oﬂshleldmgcappanatug(aaoordmgwmaﬁh Hriwrthveentric with

respect  to the aXigmbiRingla MEchlhRldl S0kl (s4) SRBRRIAG dbi oc-

tions fromeach other
tmuously around said crankshaft (16), correspond--
ing to at least one pair of said adjoining rotors (18,
20) for acting as a seal between said adjoining ro-
tors (18, 20) and a mechanical seal (52) extending
continuously around said crankshaft (16) corre-
sponding to both said shield body (14) and the rotor

(18) disposed nearest to the shield body for acting

' as a seal between the shield body (14) and said
nearest disposed rotor (18).

4. Ashielding apparatus according to Claim 1, where-
in the rotor (20) located at a tip end of the apparatus
has a cutter portion (64) located on a front end of -

. said rotor (20), the cutter portion excavating the
earth and sand about said axis (12)in accordance
with the rotation of said rotor (20).

5. Ashielding apparatus accotding to Claim 1, where-
in said crankshaft (16) has a pair of eccentric por-
tions (34, 36) formed adjacent to each other at said
front region in the direction of said axis (12) for sup-
porting said rotors (18, 20) respectively and said ec-
centric portions (34, 36) are eccentric with respect
to the axis (12) of the shield  body in opposite direc- -
tions from each other.
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6. A shleldlng apparatus according to Claam 1, where-
in two rotors are provided.

7. Ashielding appafatus according to Claim 1, where-
in said shield body (14) is advanced by receiptofa
thrust at a rear portion of said shieid body.

This is the replacement sheet
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