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@ Tunnelling machine with cylindrical shield.

@ In a tunnelling machine with a cylindrical shield
adjustability of the excavating direction in three di-
mensions is obtained through the fact that said
shield comprises a number of cylindrical segments
(2a,2b) connecting to each other in the lengthwise
direction and having radial end edges, at least one

34
36a X 40b
2a 3 bl
! \\ 40a 6 2b

77

—~d__x

36a~- 4-36b

32

38b
38a\ /

T2 T Za.

adjusting ring (34) which is rotatable about the axis
of the segment being fitted between at least a num-
ber of two adjacent end edges, the two radial ring
surfaces (40a,40b) of which ring include an acute
angle and put this adjusting ring in a certain angular
position.
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The invention relates to a tunnelling machine
with a cylindrical shield.

In such tunnelling machines, which are gen-
erally known (see "Handbook of Mining and Tunnel
Machinery”, Barbara Stack, 1982, published by
John Wiley and Sons, Chapter 10), an excavating
head is fitted in front of the shield, said excavating
head in a known embodiment (DE-A-2,164,816) be-
ing adjustable relative to the shield, so that the
direction of excavation can be adjusted. This com-
bination of two different functions - determining the
direction of excavation to be followed by the posi-
tion of the excavating head, on the one hand, and
the excavation itself, on the other - leads to a
situation in which irregular resistances experienced
by the excavating head have a direct influence on
the direction of excavation, so that it becomes
particularly difficult to maintain a predetermined
direction of excavation in certain types of ground.

The object of the invention is to overcome this
drawback, and to provide a tunnelling machine by
means of which it is ensured in a particularly
simple way that a predetermined direction of ex-
cavation is in fact followed accurately, any marked-
out curved route also has precisely the predeter-
mined radius of curvature, and this marked-out plan
can have any desired course in three-dimensional
terms.

This object is achieved according fo the inven-
tion in that the shield is divided into a number of
cylindrical segments interconnected in the length-
wise direction and having radial end edges, at least
one adjusting ring which is rotatable about the axis
of the segment being fitted between two adjacent
end edges, while the two radial ring surfaces of
said ring include an acute angle.

Due to the fact that with the measures accord-
ing to the invention, the angle between the respec-
tive segments can be determined accurately in
three dimensions, sothat the shape of the shield
itself can be controlled - of course within practical
limits - in three dimensions, it is ensured that the
tunnel route accurately follows a predetermined
marked-out plan. There are no problems when this
tunnel route is a sineous one, even in three dimen-
sions.

Another advantage is that the entire tunneling
machine tends to follow any curvature in its path
initiated by the shield.

It is observed that DE-A-2545041 describes a
tunneling machine comprising a shield which is
connected to a following tunneltube by means of a
connecting tube, devided into two parts; the de-
viding plane of this connecting tube includes an
acute angle with the plane normal to the axis of
both the shield and the tunneltube. Each halve of
the connecting tube can be rotated around its re-
spective axis. In this way it is possible to adjust the
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position of the entire shield with respect to the
tunneltube which follows it. This arrangement does
not result in the unique adjustability and flexibility
in following a predetermined path which is obtained
by the arrangement according to the invention.

Each adjusting ring preferably co-operates with
an identical second adjusting ring which is also
rotatable about the axis of the segment. An in-
creased adjustability is obtained thereby.

In a preferred embodiment, a groove which is
concentric with the axis of the ring is formed in
each ring, said groove being provided with internal
toothing which meshes with a pinion driven by an
adjusting motor. This results in particularly simple
adjustability of the adjusting rings.

In a preferred embodiment, the ring(s) is (are)
enclosed in an annular chamber formed by, on the
one hand, the radially inward directed end edges -
lying opposite each other at a distance from each
other - of two adjacent segments and, on the other,
coaxial, cylindrical end edges which connect there-
o at the top and bottom edge thereof, respectively,
and which each by means of a cylindrical elastic
connecting piece bear a cylindrical seal which rests
against the top and bottom edge of the ring(s),
respectively, said chamber being filled under pres-
sure with a lubricant.

The invention is explained with reference to the
drawing, in which:

Figure 1 is a diagrammatic view of the front part
of a tunnelling machine in which the invention is
embodied;

Figure 2 is a diagrammatic view illustrating the
way in which the adjusting rings used according
o the invention operate;

Figure 3 is a longitudinal section through a part
of the shield of the tunnelling machine in which
the invention is used;

Figure 4 is a more detailed longitudinal section
of a part of the adjusting rings;

Figure 5 is a diagrammatic view, to illustrate the
adjustment range which can be achieved with
the measure according to the invention.

The tunnelling machine, of which Figure 1
shows the front part, is of the so-called shield type
with the shield 2, and has at the front end, shown
on the left in Figure 1, a diagrammatically shown
excavating head 4 with excavating cutters 6 and a
collection unit 8 for the excavated material, which
is removed by means of the conveyor belt 10. The
excavating head is accommodated together with
the diagrammatically shown drive 12 in the front
compartment 14 of the tunnelling machine. Since
these parts do not constitute a subject of the inven-
tion and their actual embodiment depends entirely
on the circumstances in which the tunnelling ma-
chine is to be used, they will not be discussed in
any further detail.
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Situated in the compartment 16, following the
compartment 14, is a compact concrete batching
and mixing plant with four hoppers 18, containing
the constituent materials for the concrete to be
formed, a centrifuge 20, and a mixer 22 for these
materials. Water, sand, cement and gravel are sup-
plied by means of a suitable system of ducts and
pipes. The still fluid concrete is supplied by means
of the system of plunger pumps 28 through pipes
30 to a number of injection pipes opening out at
the rear end of the machine, which is not shown.
This is not essential for the invention either; other
layouts and embodiments are possible.

Formwork is erected in the usual way inside
the shield 2, comprising segments (not shown)
which define the inner periphery of the tunnel to be
formed, and which are combined to form a closed
formwork cylinder by means of a suitable handling
and erection system which is known per se. These
parts are situated at the rear end of the machine.

The tunnelling machine is operated in the usual
way: when the shield advances in the direction of
the arrow 50, which can take place in any suitable
manner, but for which the so-called self-advancing
blade system (developed by Westfalia-Luenen) will
preferably be used, the space around the formwork
is filled up with concrete coming out of the injection
pipes. This concrete, hardening round the form-
work, eventually forms the outside tunnel wall.

Of course, measures have to be taken to per-
mit movement of the tunnelling machine in a con-
trolled manner in a certain direction. According to
the prior art, as documented by, for example, e.e.
DE-A-2,164,816, for this purpose the front compart-
ment 14 with the excavating head 4 can be placed
in a certain angular position relative to the axis 32
of the tunnelling machine (for example, by means
of jacks and coupling rods). However, this has the
disadvantages mentioned in the preamble.

According to the invention, these disadvan-
tages are overcome by the shield being sub-di-
vided into a number of segments 2a...2e efc., the
mutual angular position of which can be adjusted
within certain limits. This adjustability is achieved
by means of at least one adjusting ring fitted be-
fween two segments connecting to each other, and
preferably through the use of two such adjusting
rings.

Thus, according to Figure 1, a pair of adjusting
rings 34a is fitted between the segments 2a, 2b, an
adjusting ring is fitted at 34b between the seg-
ments 2b and 2c, a pair of adjusting rings 34c
between the segments 2c and 2d, a pair of adjust-
ing rings 34d between the segments 2d and 2e,
etc. The way in which such a pair of adjusting
rings, indicated by 34 in Figures 2 to 5, operates
can be seen in particular from Figures 2a and 2b.
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Each pair of adjusting rings in the preferred
embodiment comprises two adjusting rings 36a,
36b. They are identical and each have a radial end
surface 38a, 38b, respectively, situated at right
angles to the axis 32, and a second end surface
40a, 40b, respectively, which includes a small an-
gle a with said surfaces 38a, 38b. In the situation
shown in Figure 2a, the widest part 36a' of adjust-
ing ring 36 rests against the narrowest part 36b" of
adjusting ring 36b, so that the shield wall segments
connected to the segments 36a, 36b, respectively,
for example the segments 2a and 2b, are ac-
curately in line with each other.

When, however, the adjusting ring 36b is rotat-
ed through 180° relative to the adjusting ring 36a,
the situation shown in Figure 2b arises, in which
the widest part 36b' of adjusting ring 36b rests
against the widest part 36a' of adjusting ring 36a,
and in which the normal n1 fo the surface 38b,
which in fact forms the axis of the segment 2b,
includes an angle 2« with the axis 32a of the
segment 2a. Of course, it is also possible to rotate
the ring 36a relative to the ring 36b, so that a
situation can arise in which the normal to the
surface 38b, and thus in fact the axis of the seg-
ment 2a, also includes an angle 82 = 2« relative
to the original axis 32. The total angle variation
range = y = 81 + B2 = 4a. In practice, the
magnitude of a will lie between 5 and 10 minutes.

Figure 3 diagrammatically shows how an ad-
justment in all directions with segment axes touch-
ing a cone with an apex angle = v can be
achieved in the above-described way.

For the practical embodiment of the invention,
it is, of course, necessary that the rings can be
driven so that they rotate relative to the segment
walls.

Figure 4 shows how this can be achieved.

The figure shows the segment wall parts 2a, 2b
with the annular end edges 42a, 42b positioned at
right angles thereto. Confined between them are
the rings 36a, 36b, respectively, each of which has
the configuration shown in Figures 2a and 2b.
These rings rest with their side faces 38a, 38b
against the flat, radial side walls of the edges 42a,
42b and are enclosed at the top and bottom edges,
respectively, by a locking ring 44, 46, respectively,
which locking rings are connected by means of
vulcanised-on sealing rings 48a, 48b and 50a, 50b,
respectively, to the end rings 52a, 52b and 54a,
54b, respectively, supported by the segment 2a,
2b, respectively. Each of the adjusting rings 36a,
36b bears a ring-shaped inner toothing 56a, 56b, in
which meshes a pinion 58a, 58b fitted on the shaft
of an adjusting motor 60a and 60b. These motors
are supported by the respective segment end
edges 42a, 42b.



5 EP 0 565 200 A1

It is clear that the adjusting rings 36a, 36b can
be moved into any desired angular position relative
to each other by rotation of the pinions 58a, 58b.

In the embodiment described above, the two
adjusting rings 36a, 36b are accommodated in a
closed chamber which is filled under pressure with
a suitable lubricant through a conduct 49, con-
nected to a schematically shown source of pres-
surised lubricant 51.

Figure 5 shows a somewhat modified embodi-
ment. This figure shows two segments 60a, 60b of
the shield of a tunnelling machine around which the
drive blades of the so-called self-advancing blade
system, as developed by Westfalia Luenen, are
fitted, and of which two are shown, indicated by 62,
64, respectively. Here too, there are adjusting mo-
tors 66a, 66b with the pinion 68a, 68b which mesh
with a gear ring 70a, 70b provided on the adjusting
rings 72a, 72b, each with the configuration de-
scribed above. Here again, the space accommodat-
ing the rings is filled under pressure with a suitable
lubricant, in a manner similar to the one described
above and not illustrated in any further detail.

Claims

1. Tunnelling machine with a cylindrical shield
(2), characterized in that said shield (2) is
divided into a number of cylindrical segments
(2a...2e) interconnected in the lengthwise di-
rection and having radial end edges, at least
one adjusting ring (34a) which is rotatable
about the axis of the segment being fitted
between two adjacent end edges, the two ra-
dial ring surfaces of which ring include an
acute angle.

2. Tunnelling machine according to claim 1,
characterized in that each adjusting ring
(34a...34d) co-operates with an identical sec-
ond adjusting ring (34b... 34d) which is also
rotatable about the axis of the segment.

3. Tunnelling machine according to claims 1 - 2,
characterized in that a groove which is con-
centric with the axis of the ring is formed in
each ring, said groove being provided with
internal toothing (56a,56b) which meshes with
a pinion (58a,58b) driven by an adjusting motor
(60a,60D).

4. Tunnelling machine according to claims 1 - 3,
characterized in that the ring(s) is (are) con-
fined in an annular chamber formed by, on the
one hand, the radially inward directed end
edges (42a,42b) - lying opposite each other at
a distance from each other - of two adjacent
segments (2a,2b) and on the other hand, by
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coaxial, cylindrical end edges
(52a,52b;54a,54b) which are connected thereto
at the top and bottom edge thereof, respec-
tively, and which each by means of a cylin-
drical elastic connecting piece
(482,48b;50a,50b) bear a cylindrical seal
(44,46) which rests against the top and bottom
edge of the ring(s) (36a,36b), respectively, said
chamber being filled under pressure with a
lubricant.
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