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ABSTRACT 0F THE DISCLOSURE 

A guiding system for a continuous tunnel-boring ma 
chine, comprising a rotatable boring head supported by 
sliding shoes fixed to the head carrier forming the front 
part of the frame and on which is exerted the advancing 
thrust from anchoring shoes on the wall, disposed at the 
two ends of a transverse element carrying a steering cabin 
connected resiliently to a sliding caisson, on which are dis 
placed the sliding faces parallel to the axis of rotation 
of the head and presented by bearers forming the rear 
part of the said frame, characterized in that at least two 
sliding shoes are disposed on either side of the vertical 
plane of symmetry of the machine and insuring its stable 
steering with the help of an optical system associated 
with a sighting device, both of which being ñxed toward 
the rear end of the frame and disposed in such a manner 
that the cutting front is approximately the optical image 
of the said sighting device in the said optical system and 
has an optical connection with an optical apparatus placed 
toward the entrance to the tunnel and participating in 
the control. 

. The present invention relates to a continuous boring 
machine operating by the combined action of the rotation 
of the boring head and of a thrust exerted on the latter 
along its axis from the lateral walls of the already exca 
vated tunnel; it is more particularly concerned with a ma 
chine in which the stability of the head and the perman 
ent control of the position of the latter increase the pre 
cision of the boring operation. 

It is known that the reactions of the rock to the cutting 
action of the multiple tools carried by the boring head of 
the machine are of greater violence as the said rock is 
harder and are all the more difficult to contain as the 
structure of the said rock is less homogenous. These diffi 
culties are partly overcome by the known machines, of 
which it is possible to modify the direction during the 
boring operation. These machines have a frame structure 
in two parts: a main part elongated axially of the tunnel 
and capable of sliding with its rear part in a transverse 
element carrying at its two ends the anchoring shoes serv 
ing as fixed bearing points on the wall and from which 
are exerted firstly the thrust on the boring head and sec 
ondly the control of the change in direction of the axis of 
rotation of this latter, both operations being effected by 
hydraulic means. 

Nevertheless,` the existing machines still raise several 
problems of which the two main ones are firstly that of 
the lack of stability of the front portion of the main part 
forming the base carrying the boring head and secondly 
that of the lack of visibility of the attacking front of the 
tools when concealed by the head which carries them. 

The object of the present invention is to provide a solu 
tion to each of these problems. 
fIn the known machines, there are actually three sliding 

shoes whichnare mounted radially on the head-carrying 
base and which are hydraulically controlled: one is dis 
posed beneath the machine and the other two at the ends 
of a horizontal diameter. The underneath shoe is rigid 
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weight of the machine and slides during the advance of 
the said machine during the boring operation; however, 
this sliding movement is frequently impeded by the falls 
of waste rock which particularly strike against it during 
operation. The latter then compresses them before their 
subsequent removal by collecting buckets situated at the 
periphery of the boring head. As a result, the guiding of 
the machine is found to be interfered with. 
The stability of the machine according to the invention 

is found to be decidedly improved by the replacement 
of these three sliding shoes by only two shoes which are 
disposed symmetrically on either side of the vertical plane 
of symmetry, which shoes are sufficiently spaced to avoid 
them having any contact with the boring debris and of 
which the articulated structure participates in the sta 
bility of the machine. In the case of vibrations, the sta 
bility is improved by providing a third shoe exerting `an 
appropriate thrust by means of a jack, on the top of the 
gallery and situated in the same cross-sectional plane of 
the tunnel as the other two. 

In addition, with the known machines, itis not possible 
to excavate a gallery with a suñ‘icient precision, because 
the usual topographical means only make it possible to 
know the corrections to be made a long time after the 
change in orientation which make them necessary, the 
attacking plane of the tools not being visible to the opera 
tor. 

The control arrangement according to the invention, 
based simultaneously on the rigidity of the machine frame 
and on the properties of optical systems, makes it possible 
to know at any instant the position of a point of the 
boring head situated in the cutting plane and as la conse 
quence to take instantaneously the appropriate measures 
for brínging‘this point 4back to the reference line of the 
datum points provided for the tunnel along the topo 
graphically established path. 
For this purpose, a sight facing the cutting front is 

arranged on the main part of the frame, towards the end 
opposite to the boring head, while an optical system fixed 
to the same part and ending in a reflecting face is inter 
posed between the sight and cutting front, said reflect 
ing face -providing a virtual image.` of the sight on the 
cutting front and returning the light towards the tunnel 
entry, that is to say, towards a control apparatus. 

In this manner, firstly the optical arrangement in 
stalled on the frame of the boring machine permanently 
indicates, by means of the virtual image established on 
the cutting front, the absolute position of a single point 
of the boring head in contact with the said cutting front, 
and secondly, by means of the control apparatus, the 
position of the said point in relation to the optical axis 
of the latter is established, and it is thus possible to 
regulate the advance of the «machine so as constantly 
to maintain this position. 
A continuously operating tunnel-boring machine ac 

cording to the invention, comprising a rotary boring head, 
the weight of which is supported by sliding shoes ñxed 
to the head-support forming the front part of the framel 
and on which is exerted the advancing thrust from 
anchoring shoes on the wall disposed at the two ends of 
a transverse element carrying a steering cabin resiliently 
connected to a caisson with slide members, on which 
the sliding faces are displaced parallel to the axis of 
rotation of the head and presented by beams or bearers 
forming the rear part of the said frame, is character 
ised in that at least two sliding shoes are disposed on 
either side of the vertical plane of symmetry of the 
machine and in that an optical system, associated with 
a sight, is fixed toward the rear of the frame and disposed 
in such a way that the cutting front is conjugate with 
the said sight in the said optical system and has optical. 
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connection with an apparatus positioned towards the en 
try to the tunnel and participating in the control. 
The objects and advantages of the present invention 

will be apparent from the following description, taken 
in conjunction with the drawings, wherein: 

FIG. l is an elevational view of a known tunnel-boring 
machine. 

FIG. 2 is an outline of a boring machine in action 
in a straight cylindrical tunnel. 

FIG. 3 is a section on the line III-III of FIG. 2, show 
ing the slinding shoes according to the invention. 
FIG. 4 is a diagrammatic view of the arrangement ac 

cording to the invention for controlling by a tachymeter 
the position of the boring head mounted on the machine. 

FIG. 5` is a diagrammatic view of the boring machine 
provided with a control arrangement having a projector 
providing a beam of parallel light rays. 

FIG. 6 is a diagrammatic view of a machine equipped 
with a modification of the previous control arrangement 
having a lens and mirror ñxed on the frame. 

FIG. 7 is a diagrammatic View of a non-linear tunnel 
equipped with means serving for the optical deviation 
of the controlling light beam and disposed at intervals 
along its Wall. 
The boring machine comprises a rotary head 1 (FIG. 

1) turning in the head carrier 2 formingthe front end 
of the machine frame, while the rear end 3 slides in 
a caisson 4 resiliently connected to the steering box 5 
carried by a transverse portion terminated at its two 
ends by anchoring shoes on the wall of the tunnel and 
not shown. 
The rotary head 1 is driven by the motor 6 and its 

axis of rotation 7 is coincident with that of the straight 
cylindrical gallery 8 already excavated. Power jacks 9 
bearing on the side wall of the tunnel transmit the thrust 
through the head carrier 2 to the tools of the head 1, 
which are respectively a triple cone 10 at the centre 
and milling rollers such as 11, thus bearing on the cut 
ting front 12. The tools cut circular recesses into the 
rock, causing the latter to be progressively broken away, 
the waste dropping to the iìoor of the cutting front 12 
before being collected by the peripheral buckets 13, which 
then discharge the said waste at the top of their travel 
into a channel 14, by which it is conveyed on to the 
conveyor belt 15 for the discharge thereof. A rigid 
sliding shoe 1‘6 ñxed to the head or shield carrier 2 
supports the major part of the weight of the machine 
situated in front of the latter. The said shoe is thrust 
forwards by the jacks 9 during the boring operation 
and frequently upsets the stability of the head or shield 
1 by the pressure which it exerts on the rock waste 
before it is discharged; furthermore, despite the cou’ 
pled action of sliding jacks disposed at the two horizon 
tal ends of the same cross-section and also that of the 
deformable sliding jack 17 bearing against the upper 
part of the gallery, the stability of the boring headv or 
shield is not assured. 

In addition to the resulting defects in stability, the 
shoe 16, by the compression of the-waste material which 
it causes, leads considerable power demands on the 
mains in order to permit the driving motor to over 
come such a suddenly encountered resistance. 
Moving forwardly inthe direction of the arrow 18 

(FIG. 2), the boring machine according to the inven 
tion, of which the main parts are indicated diagrammati 
cally, avoids this defect, the space situated under the 
head support 2 being free. ' ' 
The sliding shoe 16 (FIG. l) of 

machines has in fact been eliminated. _ 
ì Two identical sliding shoes 19 (FIG. 3), responding 
particularly to one of the objectives ofthe invention, 
are disposed on either side of the vertical plane of sym 
metry of the machine, forming'the same angle with the 
latter, which can be between 4() and 60°.'The Abottom of 

the conventional 

the machine thus being freed, the jerking movements i 
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due to the hazards of compression of the rock waste are 
then avoided.`A shoe 19 comprises two parts, a part 20 
bolted on the head carrier 2 and another part 21 match 
ing the form of the gallery on which it slides, and these 
two parts are connected to one another by a shaft 22, 
situated in a plane perpendicular to the axis 7 of the 
gallery and perpendicular to the plane of symmetry pass 
ing through the axis 7 of the said shoe. The bearing sur 
faces of the shoes 19 are adapted to the weight of the 
machine and to the mechanical resistance of the earth 
to be traversed, so that the boring head is very stable, 
but during the boring operation, vibrations can be set 
up, and in order to damp these Vibrations, there is pro 
vided an articulated jack 23 placed in the same section 
as the shoes 19 and exerting a thrust on the top of the 
gallery by means of a hydraulic jack, the pressure of 
which is maintained by an oleopneumatic accumulator 
connected in parallel therewith. 

In order to cut a gallery or tunnel with a strict preci 
sion of the implantation, it is necessary to be able at 
any moment to correct the position of the boring head 
exactly to the height of the attacking plane of the tools 
on the cutting front. For this purpose, action is taken 
by the direction jacks, some being horizontal and the 
others being vertical, on the rear part 3 of the machine 
frame towards the end furthest from the boring head. 
The boring head forms an opaque screen and prevents 

the checking of its position at the level of the cutting 
front by the conventional topographical sighting means. 
In actual fact, it is only possible to check the position 
as far as the cross-sectional plane of the sliding shoes: 
this affects only that portion of the gallery already pro 
duced for a certain time and situated at a distance from 
the cutting front which is equal to the axial thickness 
of the head and of the part of the head carrier situated 
in front of the sliding shoes. 

This method of operating with the known machines 
results in a considerable inaccuracy in the implantation 
of the gallery and the said inaccuracy will be greater as 
the ground is harder and consequently as the machine 
requires more time to reassume its exact position after 
a deviation. 
The arrangement forming the subject of the invention 

obviates this disadvantage by forming the virtual image 
26 of a sighting device 25 on the cutting front 12 by 
means of an optical system 24 (FIG. 4). As the optical 
system 24 ends in reflecting surfaces facing towards 
the entrance to the gallery, this permits the visual ob 
servation of the image 26 by means of the tachymeter 
27 mounted on a base 28. 
The sighting device 25 being a luminous cross and the 

optical system 24 being a pair of plane mirrors disposed 
at an inclination of 45° on either side of the axis 7 of 
the gallery, the image 26 is a virtual luminous cross of 
the same dimensions as the sighting device and its centre 
has coordinates a and b in the cross-sectional plane of 
the cutting front: a is the abscissa and b is the ordinate 
measured along axes parallel to the respective hori 
zontal axis xx’ and vertical axis zz’ of FIG. 3, the origin 
being positioned on the axis 7 of the gallery. On starting 
to cut the gallery, the observer, having placed his eye 
at 41 behind the tachymeter 27, ensures the focusing 
of the luminous spot 26 and adjusts the positioning so 
as to make the centre of the cross coincide with the 
intersection of the reticle in the eyepiece of the tachymeter. 
Under these conditions, the centre of the .image 26 

isvsituated on the optical axis 29 of the'tachymeter. ' _ ' 
The checking of the cutting of the straight cylindrical 

tunnel consists in ensuring that, during operation, the 
centre of the image 26 remains on- the axis 29 and, as 
soon as it deviates-therefrom, in giving the driver of the 
machine instructions for correcting this deviation. The 
axis 7 of the tunnel as thus cut is then parallel to the 
optical axis 29. ’ - 

» «A vsinglevmirror disposed in a cross-sectional plane of 
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the gallery at an equal distance from the sighting device 
2S and the cutting plane 12 would have _been sufficient 
to give the virtual image necessary for checking purposes; 
however, the assembly of two mirrors has been used in 
order to raise the image 26 towards the upper part of 
the tunnel, so that the reflected rays 30 are directed 
towards the tachymeter without encountering any obstacles 
during their passage. 
The optical system 24 can also be more complex: it 

is in fact known that an‘optical system ending in a re 
flecting surface is equivalent to a spherical mirror, which 
can always be arranged so as to give a virtual image of 
the sighting device 25 on the cutting plane; however, 
this image will then no longer be of dimensions equal 
to those of the sighting device. 

This method of control presumes the presence of two 
men, one on the machine for driving it and the other 
towards the entry to the tunnel, making the observa 
tions with the topographic apparatus. These two operators 
have to be connected by telephone in order to commu 
nicate with one another; otherwise, it would be necessary 
to have a closed circuit television system so that the 
driver of the machine would be able to see, on a televi 
sion receiver situated in front of him, the image of 
the observation plane of the eyepiece, retransmitted by 
a corresponding television transmitter replacing the 
observer. 

In order to avoid this, the light-emitting sighting device 
is replaced by a ground glass 31 (FIG. 5), on which 
are drawn two opaque lines, the point of intersection of 
which gives an image point of coordinates a and b by 
means of the two plane mirrors 24, forming part of the 
image 33 of the ground glass on the cutting front 12. 
On the other hand, in place of the tachymeter, a projector 
33 is situated at the entrance to the gallery, on the base 
28, said projector producing a beam 34 of light rays 
which are substantially parallel to one another and paral 
lel to the axis of the tunnel, striking the upper plane 
mirror of the group 24 and, after double rellection, the 
rays of the beam 34 converge on the ground glass 31, 
on which they form the image projected by the said 
projector and which, in the absence of the plane mirrors 
24, would be formed at 32 on the cutting front 12. 
The checking of the position of the boring head thus 

consists, as regards the driver of the machine, in observ 
ing the ground glass situated in front of him and in 
controlling the correction to be made as soon as the 
centre of the circle of impact of the light beam is dis 
placed from the point of intersection of the lines drawn 
on the ground glass. 

If a projector 33 with a conventional light source of 
limited scope is used, it will be necessary frequently to 
change its station, and this on each occasion takes time, 
if it is desired to eliminate a large part of the inaccuracy 
which is caused. 

If a laser emitter is used as light source of the projector, 
there is then obtained a fine beam of parallel rays and 
of very great range. 
As the energy conveyed is very great, the possibility 

is then provided of automating the boring operation in 
place of the ground glass, there is then provided a group 
of photoelectric cells which have their maximum of 
sensitivity for the wavelength of the monochromatic 
light of the laser beam and, by means of the necessary 
relays, the direction jacks are directly controlled. 
A modiñcation of this arrangement (FIG, 6) comprises 

a projector 33 mounted on a base 28 towards the en 
trance of the tunnel regulated in such a way that the 
beam 34 gives a projected image at 32 on the cutting 
front 12in the absence of a convergent lens 39; when this 
latter is arranged in the axis of the beam, it then forms 
a virtual image 32 synchronized therewith on the photo 
electric receiver 40 forming the Ifirst link of an automating 
chain of the boring machine. 

It is obvious ̀ that the convergent lens 39 can be re 
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6 
placed by any appropriate objective and the assembly 
comprising the optical system and the photoelectric 
receiver is advantageously mounted on a rigid block fixed 
solidly on the frame 3. With the initial adjustment, the 
axis of the light beam of the projector coincides with the 
axis 7 of rotation of the boring head. 1 and the subsequent 
corrections maintain `the said two axes being kept in 
coincidence. 

It is pointedout that the invention is not limited to 
the particular embodiments which have just been de 
scribed but that it comprises all the possible variations 
in conformity with the general definition which has been 
given in respect thereof. Thus, any other machine tool, 
shielding the cutting front, can be equipped with a guid 
ing arrangement, particularly comprising a projector and a 
virtual image on the said cutting front. 
This control system not only permits rectilinear gal 

'leries being cut, such as those indicated on the preceding 
figures, but also the cutting of curved galleries 35 (FIG. 
'7). Actually, in order to maintain the control of the 
position of the boring head while the machine is turning, 
either in a horizontal plane or in a vertical plane, it is 
lsuti‘icient to arrange along the path of the observation or 
projection light beam, a device which deviates the latter. 
AThe interval separating each device and also the value 
of each deviation are determined as a function of the 
'curvature of the turn to be made. 

Small-angle prisms 36 are disposed along the axis 37 
lof the control beam emitted or received by the control 
yapparatus 38, a projector or tachymeter, respectively, 
which is located on the base 28. 

Fixed on the frame 3, the optical system 39 forms an 
image on the receiver 40. The optical system 39 as 
illustrated is a lens receiving the light beam in order to 
cause it to converge in front on the receiver 40; it is 
quite obvious that it is also possible to use an optical 
‘system with a reflecting surface, and in this case the 
receiver is disposed behind on the return path of the 
reflected beam. 
_ It is equally possible to use appropriate spectrometric 
screens as beam deviators. 

I claim: 
1. A guiding system for a mobile machine such as a 

tunnel boring machine having machine support means 
adapted to be rigidly secured within a tunnel, frame 
lmeans movably mounted on said support means, boring 
means having a cutting plane transverse to the axle of 
said tunnel mounted on said frame means and means 
for moving said frame means relative to said support 
means; comprising a ñrst device lixedly mounted in said 
tunnel for deñning the path of travel of said machine, 
a second device mounted on said movable frame means 
and an optical device mounted on said movable frame 
means for forming a virtual image of one of said first 
and second devices at said cutting plane of said boring 
means when viewed from the location of the other of 
said -lirst and second devices. 

2. A guiding system as set forth in claim 1 wherein 
said optical device is comprised of' a lens intermediate 
said ñrst and second devices. 
v _3. A guiding system as set forth in claim 1 wherein 
said optical device is comprised of two planar mirrors 
mclined with respect to each other and disposed between 
said second device and said cutting plane. 

4. A guiding system as set forth in claim 3 wherein 
said first device is a tachymeter having an optical axis 
defining the desired path of travel of said machine and 
said second device is an illuminated screen. 

5. A guiding system as set forth in claim 3 wherein said 
lirst device is a light bearm source for producing a light 
«beam having an axis of symmetry defining the desired path 
of travel of said machine and said second device is a target 
screen 'having suitable coordinate markings. 

6. A guiding system as set forth in claim 1 wherein 
one of said first and second devices is a light beam source 
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and the other of said first and second devices is a photo- 2,667,805 2/ 1954 Carr _____________ __ 33-46.2 
electric receiver. 3,203,737 8/ 1965 Robbins et al. ______ __ 299-31 

7. A guiding system as set forth in claim 6 wherein 3,321,248 5/ 1967 Williamson et al. ____ .__ 299--1 
said ñrst device is a light beam source for producing a 
light beam having an axis of symmetry defining the de- OTHER REFERENCES 
Sired 0f travel Of Said machine Said Second device 5 “Laser Beam Guides Tunnel B01-er,” pp. Coal Age’ 
is a photoelectric receiver and said optical device is a May 1956_ 
converging lens disposed intermediate said Íirst and 
second devices in alignment therewith. ' ERNEST R. PURSER, Primary Examiner 
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