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8 Claims. (CI. 262-7) 

This invention is a continuation-in-part of application 
Serial No. 369,303 filed July 21, 1953, entitled Excavator 
Apparatus, now abandoned. 
The present invention relates to a machine for making 

excavations, such as mining shafts, drives, boreholes, in 
rocks, soil, coal seams, mineral lodes, and Solid masses 
of any nature, in order to provide passages through them, 
and/or to extract therefrom materials to be subjected 
to subsequent investigation, treatment or other uses, the 
machine being adapted to move into these masses, With 
out being accompanied by an operator. 

According to one feature of the invention, the machine 
is provided around one of its parts with at least one fit 
ting comprising a deformable peripheral casing which 
can be deformed by injection, into the casing, of an 
appropriate fluid under pressure, the deformed casing 
coming into tight engagement with the walls of the bore 
hole and defining at the rear a Working chamber bounded 
in front and on the sides by the walls of the borehole, 
the rear bounding being completed by the body of the 
machine itself, surrounded by the casing. 
According to another feature of the invention, means 

are provided for tightening the working chamber which 
is maintained continuously as the machine moves in the 
excavated mass. - 

According to another feature of the invention, the ma 
chine carries around at least one of its parts a fitting con 
prising at least one casing which can be deformed by in 
jection into the casing, of an appropriate fluid under 
pressure, said fitting engaging the walls of the borehole 
along an uninterrupted line, means being provided for 
varying the pressure in the casing in order to bring nearer 
or to spread apart from the wall the parts of the machine 
surrounded by the casing so as to permit changing the 
orientation of the machine in the soil. 

According to a feature of a typical embodiment of the 
invention, the fitting adapted to determine changes in 
the orientation of the machine contains three resiliently 
deformable cushions, connected to three sources of fluid 
under pressure through independent throttling means. 

According to another feature of the invention, the 
machine includes at least two parts movable one with re 
spect to the other, along a longitudinal direction, and 
each part of the machine is provided with at least one 
peripheral fitting comprising at least one deformable cas 
ing, the injection of a convenient fluid in which causes 
the casing to engage or come in tight contact with the 
walls of the borehole, means being provided to alter 
nately bring nearer and spread apart one part of the 
machine, respectively from the other part of the machine, 
and means being provided to deflate the fitting (or the 
fittings) of the part that moves and to keep pressure in 
the fitting of the other part in order to make it engage 
the walls. 

According to a feature of a typical embodiment of 
the invention, the machine includes interconnecting de 
vices adapted between members controlling selective in 
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flation and deflation of the cushions or casings, and mem 
bers controlling the motion of one part of the machine 
with respect to the other, the operation of the interconi 
necting devices being such as to secure än entirely autos. 
matic progression of the machine in the soil according te 
a creeping movement. . . . . . . . . . . 
According to another feature. of the invention, the 

members controlling lengthening and shortening of the 
machine by bringing nearer or spreading apart the two 
movable parts of, operate only in response to the oper 
ation of members which become effective upon deflation 
of some of the fittings. -- 
According to another feature of the invention, the är 

rangement of the devices interconnecting the members 
which control the deformation of the fittings and the 
members which control the length of the machine is such 
that an undesired deflation of any of the fittings impedes 
the movement of the machine. 

According to another feature of the invention, the 
fittings are made from a deformable flexible and substan 
tially inextensible material. 
According to another feature of the invention, the 

excavated materials are ejected from the working cham 
ber by the action of the fluid under pressure filling this 
chamber and are carried outward through a flexible tube 
dragged by the machine. . . . . 

According to another feature of the invention, thema 
chine, includes a collecting and crushing device opera 
tively connected to the cutting tools, said device being 
adapted to crush the excavated materials and to carry 
them into a flexible discharge tube at a rate according 
to the amount of materials broken down by the tools. 

Other features of the invention will become evident 
from the description which follows given by way of ex 
ample only, of one preferred embodiment of the invent 
tion, reference being made to the drawings, in which: 

Figures 1A and 1B show two parts of a longitudinal 
section of a machine according to the invention, some 
parts being broken away; " 

Figures 2, 3, 4, 5, 6 and 7 are transverse cross-sec 
tional views of the machine taken along section lines 
II—II, III-III, IV-IV, V-V, VI-VII and VII-VIII 
respectively of Figures 1A and 1B; . . . . . . 

Figure 6A is a perspective view of some of the parts 
shown in Figure 7; . . . . . . . . 

Figure 8 is a front view of the machine as seen in the 
direction of the arrow F1 in Figure. 1A; . . . . 

Figure 9 is a rear view of the machine, as seen in the 
direction of the arrow F2 in Figure 1B; . . . . . . . 

Figure 9A, is a longitudinal partial section of the 
foremost fitting; ... ? 

Figure 9B is a section of a detail, taken in the direc 
tion of the arrow 9B in Figure 9A; , - 

Figure 10 is a view in longitudinal section of a 
containing the members responding to changes in-orienta 

... t . 

Figure 11 is a plan view of the box shown in Figure 10, 
with the cover removed; . . 

Figure 12 is a cross-sectional view, along section line 
XII-XII of Figure 10; 

Figure 13 is a side view in partial longitudinal cross 
section of the tender; |- 

Figure 14 is a cross-section along section line XIV 
XIV of Fig. 13; . . . 

Figure 15 is a transverse cross section of the tender, 
along section line XV-XV of Figure 14; . . . . 

Figure 16 is a diagrammatic showing of the electric 
connections between the machine and the tender to the 
remote control position; ? 

Figure 16A is a diagrammatic side view of the entire 
apparatus. . . . . . . . . . . . . . . . . . . . . . . i -- 
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Figure 16Bis a cross-section taken through the con 

duits and cables with the tube for discharging material 
removed therefrom; 

Figure 16C is a diagrammatic view indicating how the 
tender, the cables and the ducts are connected to the 
machine; .. ... ?? . ...::: 

Figure 16D is a cross-sectional view through the entire 
bundle of cables and ducts. 

Figure 17 is a diagrammatic representation of the 
pneumatic controls, at the remote control position; 

Figures 18A, 18B, 18C, 18D, 18E. and 18F are dia 
grammatic views illustrating six different positions of the 
machine; - m 

Figures 19 to 24 are elements of a diagram of the con 
nections and Switching apparatus at the remote control 
position; . m ?? 

Figure 25 is a diagram showing how Figures 19 to 
24 are related to one another; 
... In the various views similar parts are indicated by like 
reference characters. 

GENERAL DESCRIPTION 
Referring to Figures 1A and 1B the principal assembly 

of the machine comprises two parts 1 and 2, which have 
substantially the . shape of cylindrical coaxial tubings. 
Tube 1 partially penetrates into tube 2 and the two tubes 
may telescope with respect to one another. 
The "front" of the machine refers to the part which 

is nearest the working front, in a borehole, and which 
includes the cutting tools. The "rear” of the machine is 
at the other end and is followed by a tender nearest to 
the remote control position which may be, outside of 
the mine. 
The head comprises a frame of substantially tubular 

-shape, bounded at the front by a plate 10 and at the 
rear by a plate 11. Plates 10 and 11 are connected by 
beams, one of which, 12, is shown in Figures 1A and 
1B and beams 12 and 13 in transverse section in Fig 
ure 5. 
The front plate 10 has mounted on its rear side an 

electric motor 14 and on its front side a coaxial speed 
reducing gearing 15. The motor drives the gearing by 
means of a shaft not shown in Figure 1A. The gearing 
is provided at its front side with two coaxial shafts 16 
and 17. Shaft 16 is fastened to a frustoconical plate 18 
carrying the cutting tools 19. The shaft 17 carries a 
cylindrical extension 100 carrying tools 158. The frusto 
conical plate 18 is provided near its large base with 
notches or apertures shown at 102, 103, 104 and 105 
in Figure 8. Adjacent the plate 18 and fastened to its 
rear part are scoops as 106, 107,108 and 109 as shown 
in Figure 8 of which the first two are shown in Figure 

2,946,578 

O 

?5 

20 

25 

30 

35 

40 

45 

50 

1A. The scoops having a radial aperture 110 (Figure . 
2) and a circumferential aperture 111 are circumferential 
ly spaced around a sleeve 112 fastened at one of its 
edges to the plate 10 and provided with apertures 113 
which lead to an internal chamber 114. In the cham 
ber 114 rotates an annular wheel 115 the front part of 
which is fastened to the plate 18. The chamber 114 is 
provided at the rear with an outlet 116 having a tubular 
extension 117 that extends through the rear plate 11 and 
to which is connected a flexible tube 118 (Figure 1B) 
which extends to the remote position. The tube 118 is a 
member of a flexible bundle of cables and ducts which 
comprises also a cable 119 connecting the motor 14 to 
a current Supply at the remote position, and a duct 134 
opening in the machine at the point where tube 118 is 
fastened to the plate 11, the other end of the duct 34 
being connected to a Supply of air under pressure at the 
remote position. 
The frame of the head is fastened by means of an 

intermediate plate 121 (Figure 1B) and arms as 122 to a 
peripherical rim 124. This rim carries at its periphery 
a deformable fitting 125 similar to a pneumatic tubeless 
tire. The inside of this fitting communicates, through a 
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4 
tube 26 with an extension 127 in the bundle, with a 
supply of air under pressure at the remote position. 
The tail of the machine comprises essentially a tubular 

frame 2 open at its two ends and surrounding a sub 
stantial part of the head 1. The tube 2 is provided with 
four elongated slots 20. Four other slots 21, 22, 23 and 
24 (Figure 6) through the body of the tail, permit mem 
bers to connect the head to the peripheral rim 124 of 
the latter. At both ends of the tail are concentric rims 
25 and 26 fastened thereto, having deformable fittings 
27 and 28 sinnilar to the fitting 125 of the head secured 
thereto. The fitting 27 at the rear communicates through 
the flexible tube 29, which is also included in the bundle, 
with an air supply at the remote position. The fore 
most fitting 28 comprises three resiliently deformable 
cushions, 200, 201 and 202 arranged as shown in Figure 
4. The chambers inside of these cushions are connected 
through conduits 203, 204 and 205, also in the bundle, 
to respective air supplies at the remote position. 
The tail is connected by means of arms 206, to a central 

plate 298 fastened to the rod 209 of a piston 210. Piston 
219 slides in a cylinder 128 to the plate 121 which is 
welded to the beams 2 and 13. The chamber formed 
between the foremost end 29 of the cylinder 128 and 
the front face of the piston 210 communicates through 
a duct 30, with a supply of air under pressure at the 
remote position. A similar duct 130a, Figure 5, con 
nects to a similar air supply the chamber 131 bounded 
by the rear face of piston 210 and the rear end of 
cylinder 128. 
A box 132, fastened to the head, contains members 

adapted to detect changes in the orientation of the ma 
chine as will be described later. The box 32 is con 
nected to the remote position by a cable 133. This 
cable is also in the above mentioned flexible bundle, 
which comprises also a duct 134, one end of which is 
connected to an air supply at the remote position and 
the other end of which is fastened to the rear plate 11 
of the head 1. Two passages 135 and 136 (Figure 2) 
connect the inside of the machine with the region in 
which the tools and the scoops rotate. By means of 
these passages, air under pressure from a supply reaches 
the working chamber, 
The flexible bundle connecting the machine to the re 

mote station includes also a cable 119 a part of which 
appears in Figure 1A. This cable connects the motor 
14 to a current supply located at the remote control 
position. 
At any point where parts of the head are in sliding 

engagement with parts of the tail, resilient fittings or 
seals are provided to secure tightness as shown in Figure 
1A, at 211 between the foremost end of the tail and a 
sleeve 138 of the head and in Figure 1B, at 139 and 140, 
at the edges of the rim 124 which forms part of the head 
and at 212 and 213 between a sleeve 141 fastened to 
the plate 11 of the head and a sleeve 214 fastened to the 
tail. 
By means of a harnessing system comprising the 

members 142, 143 which can be seen at the rear plate 
of the head, the head of the machine is attached to a 
tender 3 (Figure 13), i.e. a spindle shaped vehicle 
dragged by the head of the machine during the boring 
operation. The tender contains electrical switches and 
distributing valves controlled by them. The valves are 
inserted in the ducts 203, 204, 205, 29, 127, 130 and 
130a. Therefore, the operation of these valves allows 
individual control, from the remote position to which 
said switches are connected, of the air pressure in the 
fittings, and at the both sides of the piston 210. 

GENERAL DESCRIPTION OF ORERATION 

Referring to Figures 1A and 1B and to Figs. 18A to 
18F it is assumed that the machine is in the position 
shown in Figure 18A. 

75· In the initial position (Fig. 18A), the machine is com 
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pletely telescoped to its shortest length and the fittings 
27, 28 and 125 are all inflated. Air under pressure is 
applied to the front side of piston 210. The periphery 
of the fittings engage the walls of the borehole so as to 
make a tight seal with them and transmit to such walls 
the reaction developed by the machine during its boring 
operation. At the front of the machine, a tight working 
chamber 40 is formed in which the tools and the scoops 
rotate. The sealing of this chamber is provided in part 
by the fitting 28 of the tail 2, engaging the walls, and 
by the machine itself. In order to provide a progression 
of the machine, the head 1 must be free to advance 
away from the tail. To do so, it is necessary to deflate 
the fitting 25 of the head. The machine can not 
progress rearwardly, because the piston 210 has reached 
its extreme position in the cylinder 128. But the ma 
chine can progress forwardly, provided that the cutting 
tools may bore into the rock mass. This condition will 
be satisfied (i) by energizing the motor 14, through the 
cable 19, and (2) by admitting air at the front side 
of piston 210. 

This corresponds to the position illustrated in Figure 
22B although in this figure, air under pressure remains 
at the rear side of piston 210. The motor rotates, driv 
ing the speed reduction gearing and through the latter 
the plates 8 and 100 with the cutting tools they carry. 
The excavated materials pass through the notches 102 
165 of the plate 18 and come into the space where the 
scoops 106, 107, 108 and 109 rotate. The scoops are 
filled by the material which passes through the radial 
apertures thereof. The rotating scoops let the material 
pass through the apertures 111 and through the apertures 
13 of the sleeve 2. By this process, the materials 
are crushed and come into the chamber 114. The an 
nular wheel 115 turning in this chamber drives the ma 
terials to the outlet 16 of the ejection tube 117. Since 
the machine is connected throught the duct 134 to a 
supply of air under pressure, said air passes through the 
machine and cools the members thereof, comes through 
the passages in the working chamber, assists in removing 
the excavated material into the wheel 115 and escapes 
with it by ejecting such material through the tubes 
117-18. The air supplied to the machine through the 
duct 34 and leaving the machine through the duct 118 
secures the transport of the excavated material in crushed 
condition to the remote station. 

In order to press the cutting tools with sufficient force 
against the front being worked, air under pressure is 
supplied through the duct 130 to the front face of the 
piston 210 while air behind the other face is allowed to 
escape. 
This process, which may be called a "lengthening' 

or "stretching' goes on until the piston 210 reaches its 
extreme position at the rear of the cylinder 128 which 
is the position viewed in Figure 18C. At this time, 
air is allowed to pass through the ducts 126, 127, into 
the fitting 125 of the head in order to maintain the tight 
sealing of the working chamber 40. When this fitting 
is inflated, the position of the machine is that appearing 
in Figure 18D. The fittings 27 and 28 of the tail are 
then allowed to deflate and, by the operation of the 
valves contained in the tender, air is admitted to the 
rear side of piston 210 so that the position of the ma 
chine is as shown in Figure 18E, though in this figure 
air still remains behind the rear face of piston 210. 
The head of the machine is held against the walls of the 
borehole by means of the fitting 125 and therefore re 
mains stationary. Movement of the piston results there 
fore in pulling the tail forwardly which is possible after 
deflation of the fittings 27 and 28 so that the tail is not 
clamped to the borehole wall. This process may be 
called a "shortening' of the machine. It comes to an 
end when the piston reaches its front position (Figure 
18F). 
will be again inflated in order to maintain the tightness 
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At this time, the fittings 27 and 28 of the tail 
75 

6 
and sealing of the chamber 40 and the apparatus is re 
stored to the position of Figure 18A at the beginning 
of a new cycle. 
The aforesaid operations with the exception of driv 

ing of the motor are effected by supplying, from the 
remote station, appropriate pulses to the electrical switch 
ing members located in the tender and which control the 
valves therein. By a convenient interconnection between 
the switching members of the control station, it is pos 
sible to coordinate the operation of the distributing ele 
ments which control the air in the fittings with the opera 
tion of the distributing elements which control the dis 
placements of the piston 210, so that the machine pro 
gresses in an entirely automatic manner. 

Cobviously, the progression forwardly, as outlined above 
can be reversed, and the machine may be brought by 
its own operation from the front being worked to a point 
nearer the remote control position. It will be assumed 
that, for instance, the machine is in the position of Figure 
18A. The fittings 27 and 28 of the tail should be de 
flated, while the fitting 125 of the head will remain in 
flated and engaging the walls. Air will be admitted to 
the foremost side of piston 210 and the machine, the 
tools of which are always in contact with the front being 
worked, will expand, with the tail progressing to the rear. 
The machine is then in the position of Figure 18E. al 
though air is now in the front chamber of the cylinder 
128. The fittings of the tail will be inflated and the 
fitting of the head will be deflated. The machine is then 
in the position of Figure 18C. Air is then admitted to 
the rear side of the piston 210, the machine shortens 
again, but at this time, by retracting the head into the tail 
and therefore the cutters are removed from the front being 
worked. It remains to inflate the fitting of the head in 
order to reach the position of Figure 18A and then the 
cycle may be repeated. 

Orientation of the machine can be varied by deflating 
one fitting more than another. Actually, what will define 
the changes in the orientation of the machine is the loca 
tion of the center of the rose bit (this term including all 
the tools) with respect to the center of the borehole, that 
is the point in the plane of the front being worked through 
which extends the axis going through the geometrical 
centers of the sections of the borehole as made by planes 
containing the peripheral lines of the fittings that engage 
the walls of the borehole. If the center of the rose bit 
stands above the center of the borehole as defined above, 
the machine will follow a continuously ascending path. 
On the contrary, if the center of the rose bit stands lower 
than the center of the borehole, the machine will follow 
a descending path. It will be sufficient to make one 
fitting eccentric with respect to another by any convenient 
means, and one of these means consists in placing in one 
fitting a plurality of cushions that may be inflated inde 
pendently. 

According to a preferred form of the invention three 
separate cushions are provided in the fitting 28 of the tail. 
It will be obvious that by establishing in one of these 
cushions a pressure greater or lower than the pressure in 
the others, it will be possible to give the machine a great 
number of varied orientations. - 
To signal to the operator at the remote position the 

changes in the orientation of the machine, the latter car 
ries a number of detectors located in the box 132 (Figure 
1A) which contains an apparatus 148 driven by a rack 
215 mounted on the tail which acts on a pinion mounted 
on the shaft of the rotor. Hence, any displacement of 
the rack, with respect to the box 132 which is secured to 
the head, provides information about the stretching or 
contraction of the machine. Moreover, the rack carries 
stops that operate electric switches, not shown in Figures 
1A and 1B. - 

DETALED DESCRIPTION 
The description will be limited to the parts essential 

for the understanding of the invention, 
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EXCAVATING MEMBERS 

The excavating members (Fig. 8) comprise two assem 
blies of cutting tools, (149, 150, 155, 156, 157, 158 and 
others such as 162 . . . 166 . . .) carried by concentric 
rotative holders driven by means of two shafts, 16 and 17, 
the arrangement being such that the tools of one group 
are on circles alternating with the circles on which are 
located the tools of the second group. 
By means of the gearing 179, driven axially by the 

motor 14, the output shaft 17 rotates at a fourfold speed 
with respect to the output shaft 16. 
The tools cut in the soil concentric grooves that are 

so closely spaced that there is substantially no walls be 
tween them. Substantially the whole surface layer of 
the front being worked is broken down. The materials 
flow from the point of the rose bit to the base and pass 
through the notches 102-105 of the plate 18, falling 
into the scoops 106, 107, 108 and 109 as shown in Figures 
2 and 8. 

These scoops are boxes of incurved shape, bounded 
at the front by a wall 183 and at the rear by a wall 184. 
The rear walls project to some extent beyond the boxes, 
as seen in Figure 2. At their periphery, the scoops are 
bounded by walls 185, which are curved and provided 
with a slope with respect to the machine axis. One edge 
of the walls 186 is tapered and the other bends towards 
the axis of the machine. The slopes give the scoops the 
possibility of following curved paths negotiated by the 
machine. Each box has two apertures, one, a radial 
aperture 110 and the other a circumferential one, 111. 
The walls 183 of the scoops are fastened by bolts 187 to 
a cross shaped web 188 forming part of the base of the 
truncated cone 18 between the notches 102-105. 
The scoops are circumferentially spaced in opposite 

relation around a cylindrical sleeve 112 ending at the rear 
in a plate 193 which is secured to the front plate 10 of 
the head. The sleeve is provided along a part of its 
periphery, at the left in Figure 1A and at the top of 
Figure 2, with apertures separated from one another by 
bars 195 having a trapezoidal cross section with the large 
base thereof directed outwardly. 

Inside of the sleeve 112 and between such sleeve and 
the casing 179 of the speed reduction gearing there is an 
annular wheel comprising a sleeve having at its periphery 
eight helicoidal ribs 197. The plate 196 is fastened by 
bolts 198 to the base 188 of the frusto conical plate 18. 
The plate 196 is provided with a peripheral groove fitted 
with a seal 1000. Similarly the plate 193 is provided with 
a peripheral groove 1001 fitted with a sea 1002. 
The plate 193 is provided with three passages shown 

at the lower part of Figures 2 and 3 comprising a central 
aperture 116 communicating with the ejection duct 117, 
and at both sides of the latter, apertures 135 and 136 con 
necting the internal space of the head, at the rear of plate 
10, to the space 14 in which the annular wheel 115 
IOtateS. 

In operation, the scoops 106 fastened to the plate 18 
are driven thereby. The material which passes from the 
front side of the plate 18 to the rear side thereof through 
the notches 102-105 are caught by the scoops through 
their radial apertures 110. The material leaves the scoops 
through the circumferential apertures 111 on registration 
of these apertures with the apertures 113 of the stationary 
sleeve 112. Large rocks that can not pass directly 
through apertures 113 are pinched between the bars 195 
and the bottom 1003 of the scoops, and are broken by the 
edges of the scoops and by the edges of the flanges of 
the ribs 197, during rotation of the annular wheel 115. 

All the fragments of rock which have passed through 
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8 
mentioned in a position propitious to their crushing. The 
material which comes into the space 14 is held between 
the helicoidal ribs 197 and drawn by them as by the 
blades of a pump until it arrives at the outlet 116. Since 
the apertures 135 and 136 are in communication with the 
space 1006 inside of the head, where an air pressure passes 
ated by the duct 134 prevails, air under pressure passes 
from the apertures 135, 136 to the outlet 116 and draws 
into the tube 117 the crushed material brought by the 
ribs 197. 

LOCKING MACHINE IN BOREHOLE 
The members which lock the machine in the borehole 

comprise the fittings. 
The tail fitting 28 is mounted on a rim 26 whose di 

ameter exceeds slightly the diameter of the body 2 at 
the end thereof. This rim covers at its front end a sleeve 
138 fastened to the head plate 10. The sealing between 
a collar 214 fastened to the rim 26 and the sleeve 38 is 
effected by a rubber seal 21, clamped to the flange 214 
of the rim 26 by a reinforced collar 215 bolted to such 
flange. The rim is provided at its middle part with a 
peripheral reinforced rubber fitting 28 which is applied 
and held on the rim by a ring 216 comprising three arcu 
ated parts (Figure 4) assembled by two rings 216a and 
216b. The fitting contains three chambers or cushions 
200, 201 and 202 arranged circumferentially. These 
cushions are connected by nipples 217, 28 and 219 to air 
tubes 203, 204 and 205 (Figures 9, 9A and 9B). 

Each cushion, as cushion 201, for example, is provided 
with an aperture as 201a through which passes the tube 
218a of the nipple 218. A collar 218b, under the pres 
sure of a nut 28c mounted on the shaft of the tube 2 i8a, 
brings the fall of the cushion against the upper flange of 
tube 218a and secures the desired tightening. The shaft 
of the tube 218a passes through a hole 26a in the rim 

- 26, the edges of which are thinned in order to form a lip 
as 26c. The tube 218a receives then a second nut 28d 
which applies against the resilient thin part 26c which 
gives a second tightening. The seal between collar 218d 
and the lip 26c impedes any air inflow from the inside 
of the machine. 
The fitting proper comprises rubber with cords, vul 

canized in the form shown in Figure 9A. The fittings 
are practically shaped in such a manner as to present to 
the walls of the borehole a relatively extended and rela 
tively stiff area of the material they are made from. This 
extended part ends at both sides with circularly arcuated 
parts which join with the rim on which the fitting is 
mounted. The joining can advantageously but not neces 
sarily be made tangentially to the tube. In the preferred 
embodiment of the invention, which however does not 
preclude other possible embodiments, the joining curve 
consists in arcs of a circle with a single center, the longi 
tudinal section being similar to the letter C, as viewed 
in the figures. It would be also possible to give to the 
joining curve a form that in section would be similar to 
the form of the letter S with the lower loop tangentially 
fitting to the rim and the upper loop tangentially 
fitting to the substantially rigid part of the tire which will 
cling against the walls of the borehole. The latest form 
is however less convenient. 
An important point is the choice of the constructional 

material to be used for making fittings. This material 
must be such that it should be possible to deform the fit 
tings out of shape; the material must be resilient but rela 
tively not very elastic and must be substantially inex 
tensible. Whatever the shape of the deflated fitting will 
be, the fitting will in such case apply to the wall of the 

70 
the scoops are drawn in a continuous flow and their posi 
tion is modified by the new incoming material and by 
the outflow of the fragments through the apertures 113 
of the sleeve 112. Hence necessarily a time will come, 
at which the largest stones are nipped between the bars. 75 

borehole, provided that the peripheral length of the longi 
tudinal section will be sufficient, and this happens without 
any possibility of dangerous local stresses appearing in 
the material. Externally, a gum layer 28a shields the 
fitting from the sharp edges of rocks. 
The fitting ends in beads such as 28b, clamped between 
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the ring with three parts 216 which has been suitably 
bent for this purpose, and a collar 26f screwed on the 
thread 26g upon the annulus 26. A gum layer 28c covers 
the bead. 
The tail fitting 27 at the rear of the machine also com 

prises a rim 220 fastened by screws 221 to the body of 
the tail. The rim 220 carries a peripheral reinforced 
rubber casing 229 with beads 222a and 222b, clamped by 
rings 223 and 224 having ribs 223a and 224a respectively 
entering in grooves provided in the beads. Air enters 
directly into the space inside of the fitting through a duct 
29. The casing and the steel rings as a whole are put in 
sliding engagement with the rim and the whole assembly 
is locked by means of a threaded ring 220a which ends 
in a conical collar 220b. . . . . 

Sufficient tightness is given by slightly gumming the 
beads. The external part of the fitting is also provided 
with a covering of shielding gum. 27a. - • 
A similar construction is used for the fitting 125, which 

is located between the tail fittings. This comprises a 
rim 124 carrying the casing proper 1009 consisting of 
reinforced rubber into which the air enters through the 
duct 126. This duct includes a flexible part 1010 and is 
fastened to the plate 11 by means of a removable nipple 
1011. The rim 124 is mounted in sliding relation with 
respect to the tail, and the tightness between the seals 
of the rim 124 and the body of the tail is ensured by 
channelled rubber seals 139 and 140, similar to the 
arrangement and fastening means of the seal 21 of the 
fitting 28. 
The connection of the rim 124 to the head is made by 

lugs 1012, 1013, 1014 and 1015 (Figures 6 and 6A). 
These lugs pass through slots 21, 22 and 23, 24 cut in the 
body of the tail. Lugs 1012, 1013, 1014 and 1015 are 
fastened in pairs, by screws, to arms 122 and 23 each of 
which has an enlarged part 1016, (Figure 6A). These 
arms are fastened by bolts 1017, 1018, 1019 and 1020 
to a plate 121 (Figure 6) which is welded in turn to the 
beams 12 and 13 which connect the front and the reaf 
plate in the head of the machine. 

TELESCOPING OF HEAD AND TAL 
It can be seen in Figures 1B, 6 and 6A that the body 

2 of the tail carries on the inside four lugs 225, 226, 227 
and 228 fastened in pairs to arms 206 and 207. These 
arms are bolted at 229, 230, 231 and 232 to a plate 208 
which is parallel to plate 121 that is connected to the pis 
ton rod. The plate 121 is fastened by threaded rods 
1021, 1022, 1923 and 024 to the cylinder 128. The 
front end of this cylinder is connected to a conduit 130, 
and the rear end is connected to a conduit 130a. These 
two conduits (Figure 6) extend along a sinuous path and 
end at the rear plate 11 where they are extended by cor 
responding flexible tubes. In the cylinder 128 a piston 
20 moves and the rod thereof has a shoulder 233 and a 
threaded end which passes through a central bore in the 
plate 121. As shown in Figure 1B, the piston is provided 
at both its sides with bevelled extensions 237 and 238 
which may enter recesses 1025 and 1026 in the ends of 
the cylinder. These recesses have grooves provided with 
peripheral rubber seals therein. Each recess communi 
cates with the internal space of the machine by means of 
a vent controlled by a needle valve. These members 
are not shown. This well known i arrangement is pro 
vided in order. to control the smoothness of the move 
ments of the piston in the cylinder near the ends thereof 
and prevents shock. The assembly of the members re 
lating to the telescoping of the tail with respect to the 
head also comprises the guiding of the beams 12 and 13 
of the head in the ears 239,240 (Figure 4) and 24, 242 
(Figure 6) which are welded to the body 2 of the tail. 

DETECTORS AND AUTOMATIC CONTROL 
. . . s MEMBERS: 

These members are fastened to the body of the ma-. 
chine and illustrated in Figures 1a,1b, 10, 11 and 12 only 
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one of which members will be described. In the box 132 
fastened to the head is mounted a generator 148 of the 
selsyn type. The shaft axis 1054 is at right angles to the 
bottom of the box and on this shaft at the end near the 
bottom, a gear 1055 is mounted. The gear 1055 meshes 
with a rack 215 which slides on the bottom 1033 of the 
box, guided in apertures in registration in the projections. 
1046 and 1056. The rack 215 carries a quadrant lug 243 
which surrounds the end of a rod 245, provided with a 
button 244 at the end thereof, allowing free rotation of 
the rod. The rod slides in a bore 1057 in the end pro 
vided with a gland 1058. The rod ends with a flattened 
part 246 provided with a bore 247. This part enters into 
a fork 248 at one end of a rod 249 whose other end 
passes through the member 250a fastened to the arm. 206 
of the tail (Figure 1B). A pin 251a connects the rods 
245 and 249. . , 
The rack 215 is provided not only with the lug 243, but 

also with a similar lug 250 spaced from the former. The: 
lugs 243 and 250 each have a bevelled corner 25 and 
252. In the box two switches 1059 and 1060 are fitted 
each of which is operable by a roller mounted on the 
end of lever 1063 and lever 1064. The rolls are in 
alignment with the bevels 251 and 252. When the rack. 
is in the front part of the box 132, which takes place 
when the piston 210 is near the front end of the cylinder 
128, the bevelled part 251 pushes the roller 1661 of the: 
switch 1059 and closes it. When the rack is in the rear 
part of the box 132, that is, when the piston 210 is near 
the rear end of the cylinder 128, the bevel 252 pushes, 
the roller 1062 of the switch 1060. The cables extending 
from the generators and from the switches have not been 
shown for the sake of clarity, but are diagrammatically 
illustrated by dot-dash lines 1065, 1066, 1067, 1068, 1069. 
These cables extend outwardly from the front part of 
the box as a bundle indicated at 133 (Figure 1A). 
The generator of the sellsyn 148 whose rotor is operated 

by the rack will cause a corresponding receiving part at 
the remote position to rotate to an extent that indicates 
how much the machine stretches out. 
The contacts 1059 and 1060 operated by the stops 

fastened to the rack complete signalling circuits to be 
disclosed later. The corresponding cables are diagram 
matically indicated by 1068, 1969. 

TENDER 

The tender 3 carries the relays and valves neces 
sary for the operation of the machine. The tender foll 
lows immediately after the machine to which it is har 
nessed by cables 3 and 32 (Figure 16C) consists of a 
metal hull 33 provided with a deck .312 and a metal 
cover 34. The hull has at the front end a semi-circular 
plate 35 and at the rear end a semi-circular plate 36. 
These plates carry the connections of the conduits to the 
members inside the tender. 
The hul 33 is closed by a deck 3i2, over which 

extends a metallic hemicylindrical cover 34 on lugs. 33. . . 
34, 315, and 316. . 
Under the cover 34 and over the deck 32 pass: a 

flexible hose 118 for the ejection of excavated materials 
which is connected to the machine rear plate 1 and 
extends into the machine by the conduit 17; a conduit. 
134 to supply fresh air under pressure in the body of the 
machine; the cable 119 for connecting the motor 14. 
to a power supply, at the remote position, aid the cable 
133 for signaling extending from the box. 132. The 
cables 119 and 33 and the conduit 134 are grouped 
with the cable 310a from the connection 310 on the 
tender, and form a part of the flexible bundle that con 
nects the machine and the tender to the remote station. 

Inside of the hull and suspended to the deck 3:2 are the 
valves required to operate the machine, coils that control 
them and checking pressure gauges. These members are 
all well known and need not be described in detail. . 
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The operation thereof will be briefly outlined as follows: 
To understand the arrangement of the valves, see Fig 

ures 13, 14 and 16. The main valves 317,318, 319, 320, 
321, 322 and 323 control in the same order: the chamber 
at the front side of cylinder 128, the cushion 202 of 
the fitting 28; the fitting 125; the fitting 27; the cushion 
201 of the fitting 28; the chamber at the rear side of 
cylinder 128 and the cushion 200 of the fitting 28. To 
each main valve there corresponds an electrically con 
trolled pilot valve seen at the lower part of Figure 14 
and Figure 16, namely the pilot valves 324, 325, 326, 327, 
328,329 and 330. These pilot valves are connected to the 
main valves by conduits 331, 332,333,334, 335, 336 and 
337. The valves are supplied by a conduit 338 con 
nected, through a filter 339, to the main supply 340 
connected to the rear plate. 
The pilot valves are all coil controlled valves of the 

conventional type. Each valve comprises a casing con 
nected on the one hand to supply pipe 338 and on the 
other hand to the corresponding main valve. Each cas 
ing contains a sliding distributor which establishes or 
closes the communication between these members, de 
pending upon its position; the position of the sliding 
distributor is controlled by a plunger forming a core for 
an electric coil excited by a control line. The control 
lines are grouped in a multiwire cable indicated by 341 
in Figure 16 and in Figure 14, connected to the plug seat 
310. The arrangements of such valves being well known, 
they have not been illustrated. It will be understood, 
however, that whenever a current is sent in the control 
line to a coil of one of these valves, such valve establishes 
a communication between the common conduit 338 and 
the particular conduit, such as 33 etc. which connects 
the pilot valve to the main valve that it controls. 
The main valves are also of well known structure. 

Each of these main valves comprises a casing provided 
with four conduits: one conduit for supplying air under 
pressure through the main valves 342, 343, 344, 345, 346 
and 347; one conduit for air under pressure for con 
trolling the main valves 331, 332, 333, 334, 335 and 336; 
one conduit to the controlled member in the machine 
349, 350, 351, 352, 353, 354 and 355 and one conduit 
for expelling used air 357, 358, 359, 360, 361, 362 and 
353. The conduits last mentioned open into a common 
header that discharges through an outlet 311 in the rear 
plate 36 of the hull. Each casing contains a sliding dis 
tributor one side of which is in relation with the conduit 
such as 33, etc. for admitting control air from the cor 
responding pilot valve. Whenever the pilot valve does 
not deliver air through such conduit, the sliding member 
establishes a communication from the controlled mem 
ber in the machine, such as 205, to the outlet 311. When 
ever the coil of the pilot valve is excited, air comes from 
the main valve through the conduit, such as 331, for 
supplying control air to the corresponding main valve 
and pushes the sliding distributor into a position in which 
communication is established from the conduit for sup 
plying air to the corresponding main valve, to the con 
duit, such as 339, of the corresponding member to be 
controlled in the machine. - 
The tender comprises devices to operate contacts in 

response to pressures as measured by pressure gauges 
355, 366, 367, 368 and 369 in Figure 14. These com 
bined pressure gauges and contacts are illustrated dia 
grammatically in Figure 16. The contacts are connected 
to the remote position by leads grouped as indicated at 
370 and comprised in the cable 310a extending from 
the plug 310. These contacts are microswitches con 
trolled by flexible diaphragms in such a manner that the 
contacts break when the pressure i acting on the dia 
phragm falls below a predetermined value. 
The devices just described respond to low pressure 

variations. High pressure devices are also used, as indi 
cated at 371 and 372, these contacts being inserted in 
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12 
devices is well known. Each high pressure combined 
device comprises a conventional metal tube pressure 
gauge with an index or pointer in the path of which a 
slider is positioned. The indicator and the slider are 
connected to the two leads of a line extending to the 
remote-position, the circuit comprising a relay winding 
and a current supply. Whenever the pressure in the 
conduit to which the pressure gauge is connected reaches 
a predetermined value to be selected by a convenient 
position of the slider, the circuit is completed and the 
relay operates. The relays will be discussed below. The 
contacts are doubled and each device comprises two 
indicators and corresponding contacts, as described later. 
The conduits 349, 350, 351, 352, 353, 354 and 355 

are connected respectively to the points 302, 39, 301, 
360, 38, 303 and 37 of the front plate 35. Similarly, 
the conduits 342, 343, 344 and 345, 346, 347, 348 are 
connected to points 304, 308, 309, 307, 305 and 306 of 
the rear plate 36. The connecting points are indicated 
at the left and at the right in Figure 16 and at the left 
in Figure 17. - 
The bundle of cables and conduits illustrated diagram 

matically at 6 in Figure 16A and in section in Figure 16B 
comprises the cables 119, 133 and 310a and the conduits 
134, 130, 130a, 203, 204, 205 and 309a. All these elle 
ments are embedded in a rubber mass 6a with a circular 
periphery. The assembly 6 and the ejection hose 118 
are parallel and are clamped together at spaced intervals 
by metallic bands 6b, see Figures 16D and 16C, pro 
vided with clamps 6c and 6d for a two directional grip 
ping in which a steel rope 7 is pinched. The rope 7 is 
fastened to the deck of the tender by means of a pulley 
3a, see Figures 13 and 16C. 

Figure 16C shows the parts of an emergency harness 
to connect the machine to the tender. This harness com 
prises ropes 8a and 8b ending with hooks 8c and 8d 
which are attached to the collar 220b of the fitting 27, 
the other ends of said ropes being fastened to a free ring 
9. The ropes 8a and 8b pass under the cover of the 
tender and are fastened to the deck by means of eyelets 
83, 83a (Figure 16C). The ring 9 is provided for attach 
ing a rope from a capstan, in order to extract the ma 
chine if some trouble therewith in the borehole should 
TSC. - 

REMOTE CONTROL STATION 
It comprises substantially: electrical power supplies, 

for the motor, the detecting and signalling members and 
air supplies; members adapted to receive signals given 
by the machine and the tender; members to control the 
electric current; members to control the air supplies; and 
control members arranged to pass from an automatic 
driving to a manual one and conversely. 

AIR SUPPLIES AND CONTROLLING MEMBERS 
Figure 17 shows diagrammatically the air supplies. 

The high pressure supply 4 delivers air under a pressure 
of 18 kg./cm.. The first low pressure supply 41 delivers 
air under a pressure of substantially 6 kg/cm2. The 
other one, 40, delivers air under the same pressure, 

(1) The supply 40 delivers air for cooling the motor 
and feeding the working chamber in front of the ma 

From this point, this air conveys the excavated 
The conduit 

42 in Figure 17 is connected to 134 (Figure 16B) to the 
rear plate of the machine. 43 is a control valve, reduc 

chine. 

ing the air delivered to a pressure of nearly 2 kg/cm2. 
(2) The supply 41 delivers air through the conduit 

44 connected to connection 309 in the rear plate of the 
tender. This air feeds the fittings 125 and 27. A branch 
45 on the tube 44 splits into three branches 46, 47, 48 
controlled by valves 49, 401 and 402 which distribute 
the supply to the connections 306, 307 and 308 on the 
rear plate of the tender. They feed the casings of the 

the conduits 351 and 352. The construction of such. 75 fitting 28. The conduit 44 has also another branch 406 
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connected to the three way valve 408 fed additionally 
by the conduit 409. • , 

(3) The high pressure air supply 4 (18 kg/cm2) 
feeds through the pipe 411 the branches 412 and 413 
controlled by the valves 414 and 415. These branches 
extend to the connections 304 and 305 of the rear plate 
of the tender and feed the chambers of the cylinder 128. 
In one of its positions, the three-way, cock 408 feeds the 
cylinder with high pressure air, while it feeds the cylinder 
with low pressure air in the other position. High pres 
Sure air is used whenever the tools are in operation. 
Low pressure air is used whenever the machine travels in 
the borehole for approaching the working front or with 
drawing. 

ELECTRIC POWER SUPPLIES 

Reference will be made to Figures 19 and 20. The 
Source is connected to the busbars 435, 436, 437-Fig 
ure 19. Branches 446 and 447 connected to bars 435 
and 436 feed the primary winding 438 of a transformer 
439 provided with two secondary windings. One of 
them, 440, connected between a ground 44.0a and a dis 
tributing lead 443, is intended for relays and signalling 
devices. 
The feeding circuit including the winding 438 is only 

completed when the coil 449 of a switch 448 is excited. 
The coil 449 is fed by a line 450 extending between a 
lead 447 connected to the bar 436 and the bar 435. The 
line 450 is provided with a switch 451 closed during oper 
ation described later. In the same line are connected in 
series a number of paths such as 1451, 1452, 1453, 1454 
. . . terminating in plugs that enter in corresponding 
sleeves. The plugs and the sleeves are fastened to the 
several cooperating members at every removable connec 
tion between the machine and its supplies (e.g. the con 
necting bars 1455, 1456 . . .) in an atmosphere which 
may contain explosive gas as may happen under ground. 
These plugs are of such a length that the circuit contain 
ing them does not break before the parallel plugs of the 
same plugging devices break their individual circuits. 
The dashed frames 1457, 1458, 132a, 3a encompass 

devices located outside of the control position, the parts 
of which are illustrated in Figures 19, 20, 21, 22, 23 and 

. . . . . . . 14 ? 

443 through a switch 483 normally closed. The switch 
483 is connected to an air flowing rate indicator. 484 
inserted in the ejecting hose 118. Whenever the flowing 
rate decreases, 483 opens, 479 opens and the motor can 
not run ahead, that is, in the direction which corresponds 
to a working of the tools. When closed, the contacts 
467 hold the ground 477 in the circuit comprising the 
switch 485, the lead 486, the coil 456, the lead 453a and 
the supply 442. 
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24. The frame 451a illustrates a measuring device for 
the power delivered to the motor 14. 

CONTROL OF THE MOTOR 
The control of the motor is effected for its two run 

ning directions by an apparatus diagrammatically illus 
trated in Figures 19, 20 and 21. This apparatus includes 
a contactor with change-over switch comprising two iden 
tical contactors 455 and 458 connected by a suitable 
wiring. The contactor for running ahead, 455, is con 
trolled by a coil 456. The contactor for withdrawing 458, 
is controlled by a coil 459. The circuits of these contac 
tors comprise circuit breakers 461 and 462 controlled by 
the usual devices 463 and 464. The plungers of the coils 
also operate additional contacts: the switch 455 oper 
ates the contacts 467, 466 and 465. The switch 458 
operates the contacts 468 and 469. Contacts 469 and 
465 complete circuits for signalling lamps the descrip 
tion of which is not essential for the understanding of 
the invention. 
The contacts 466 of this contactor are inserted in the 

operating circuit coil 459 comprising the supply 443, 
the lead 475, the lead 454a, the contact 476 to be dis 
cussed later, and the ground 477. A simultaneous clos 
ing of the contacts 458 can not take place. Hence the 
contacts 466 operate in an exclusive sense. A similar 

45 

The excitation of the coils 456 and 459 and the de 
pending operations are controlled by a handle 487 con 
trolling the coupled cams 488 and 489. The handle 487, 
loaded by a spring 494 has three positions to snap into: 
490, 491, 492, and one position for optional stopping 
493. In the position 492 illustrated in Figure 21, the 
"stop” position, the contacts 476, 480 and 485 are open 
so that neither the coil 456, nor the coil 459 are excited. 
The motor 14 receives no current from the supply. In 
order to start the motor 14 for running ahead and oper 
ating the tools, the handle 487 should be moved to posi 
tion 490. The cam 488 rotates but keeps the contacts 
476 open, so that the coil 459 for withdrawing is not 
excited. When the handle is put to position 491, the 
cam 489 closes the contacts 485 which ground the con 
tacts 467 at 477. By passing to position 490, the cam 
488 closes the contacts 480, the lead 478 of the coil 456 
is grounded and the contactor 455 engages. The motor 
14 turns. 

If the operator releases the handle 487 the spring 494 
puts the handle in position 491. The contactor remains 
in the engaged condition because the contacts 485 and 
the cam 489 hold the ground 477 on the contacts 467 
(which have been closed by engagement of the con 
tactor. 455. 

Returning the handle 487 to position, 492 stops the 
motor 14. By passing the handle to position 493, the 
cam 488 rotates in a clockwise direction and closes the 
contacts 476; the ground 477, completes the circuit for 
the winding 459 and the motor runs in reverse direction. 
The contacts 480 and 485 which relate to the forward 
running remain open. 

OPERATION 
In order to make the aforesaid operations possible the 

contact 451 must have been closed. The contact 451 
responds to a cam 495 coupled with the cams 496, 497 
and 498 on the shafts having a three position handle 499 
movable to the positions 4000, 400; and 4002. 
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The position 4000 is the stop position terminating all 
supplies. The position 400 is the boring position and 
the position 4002 is the idling position, that is the posi 
tion for running without load. These latter two posi 
tions control the supply 442 and 443 for the operation 
of all circuits of the motor, although not necessarily 
producing movement of the latter, and all the auxiliary 
circuits, including those of the signalling lamps. The 
position for boring differs from the idling position in that 
the first allows effectively the boring while permitting by 
an arrangement set forth below the selective inflation at 
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high pressure of the fittings of the machine and conse 
quently the absorption by the ground of the reactions 
of the tools. 
The handle 499 makes the fittings 125 and 27 of the 

machine effective by means of the cams 497 and 498 and 
the contacts 4008a, 4009a, 4010a, and 4011a. Each of 
these cams is provided with two recesses, 4012a and 
4013a for the first and 4014a and 40.5a for the second. 

task is assigned to the contacts 468 which are serially 
connected in the operating circuit of the coil 456, which 
circuit comprises the supply 443, a switch 479, the leads 
478 and 453a, the switch 480 and the ground 477. When 
458 is closed, the circuit of the coil 456 is open and 455 
cannot close. The switch 479 is controlled by the coil 

70 

closes such contacts. 

When the handle 499 is in position 4000, all the contacts 
4008a to 40.11a are open. When the handle 499 passes to 
to the "boring” position 4001, the cam 497 presents its re 
cess 4012a to the spring arm of the contact 4008a and 

Similarly the cam 498 presents its 
recess 4014.a to the spring arm of contact 400a and such 
contacts close. When the handle 499 passes into idling 

481 connected between a ground 482 and the supply 75 position, 4002, the contacts 4008a and 401.0a open, and 
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the contacts 4009a and 4011 a close simultaneously be 
cause the recesses 4013a and 4015a allow the contacts 
4009a and 4011a to move accordingly. The results of the 
closing of the contacts 4008a, 4009a, 4010a and 4011a 
will be discussed later. 

CONTROL OF MACHINE ADVANCE 
The control of the advance of the machine (Figures 21 

22, 23 and 24) can be obtained either automatically or 
manually. . 
The operation for the machine progression requires 

operation of the valves in the tender, controlled by pilot 
valves, which are indicated at the top of Figure 28 by 
means of their coils with the same reference character 
as these valves have in Figures 14 and 16 followed by the 
suffix a. Since the casings 200, 201 and 202 of the 
tail fitting 28 operate always together for progression, the 
coils 330a, 328a and 325a therefor are coupled in parallel. 
This does not impair the selective air feeding to these 
casings in order to change the orientation of the machine. 
For this purpose, it is sufficient to open the three pilot 
valves and individually set the pressure in the casings by 
means of the hand controlled valves 49, 401 and 402 
shown in Figure 17. 
The tender 3 contains further (Figure 21) the switches 

corresponding to the contacts of the pressure gauges, 
which are indicated by the same reference numbers with 
the suffix b: 369b, 368b, 365b, 367b, 366b, 371b, 371ab, 
372ab and 372b. The contacts 371b and 371ab are en 
closed in the same housing and acted upon by the same 
pressure gauge. They are set to different pressures. 371 
is set for operating at a pressure of 5 kg/cm., i.e. the 
switch closes when the pressure in the conduit 351 
reaches 5 kg/cm2, and 371a is set for a pressure of 
3 kg/cm2. Similarly, the valves 372 and 372a con 
trolled by the same pressure gauge, close when the 
pressure in the conduit 352 has reached respectively 3 
kg/cm2 and 5 kg/cm2. The other contacts are set 
for 0.5 kg./cm2. 

Figure 21 also shows a frame 132 which corresponds 
to the box 132 in Figures 1A and 1B. The contacts 
therein are 1059 and 1060 which close when the piston 
210 reaches the extreme positions near the front end 
and near the rear end of the cylinder 128, as explained 
above. 
The relays to be described now are provided primarily 

for the automatic control of the machine, which is the 
normal operation. The members for the manual control 
are provided only to control the machine in the case of 
failure of the automatic circuits. 
The controls for automatic progression are provided 

for: 
(1) alternately inflating and deflating the fitting 125 

and the fittings 27 and 28. 
(2) alternately stretching and contracting the machine. 
Moreover, the steps of these two operating cycles (1) 

and (2) must be coordinated in an order that: 
(a) the working chamber 40 remains always closed at 

the rear by means of at least one inflated fitting. Hence, 
when the one group of fittings inflates or deflates, and 
before the other group of fittings respectively deflates or 
inflates, an intermediate condition must take place, in 
which all fittings are inflated simultaneously. 

(b) the change in the length of the machine never 
causes friction between the walls of the borehole and 
the partially deflated fittings. 
The control for lengthening and shortening the ma 

chine must depend upon the condition of the fittings and 
for this purpose, the relays are to be combined in such 
a way that: 
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(1) inflation of the fitting 125 results in deflating the . 

fittings 27 and 28 and conversely. 
(2) the deflation of one fitting causes changes in the 

length of the machine and more specifically the deflation 
of fitting 125 causes lengthening while deflation of the 75 

16 
other fittings 27 and 28 causes shortening of the ma 
chine. 
The relays light the signalling lamps on and off whose 

use is provided only for automatic control to avoid in 
volved circuits. 
The switches enclosed in the box 132 and the tender 3 

are connected in circuits comprising the ground 4082 in 
Figure 21 and the supply 443 in Figure 22 and one of 
the following coils: 4007, 4008, 4009, 4010, 4011, 4012, 
4013, 4014 and 4015, connected by means of the leads 
4016, 4017, 4018, 4019, 4020, 4021, 4022, 4023 and 4024. 
The leads 4023 and 4024 correspond to the switches 371b 
and 371ab, and 372b and 372ab. Each coil is provided 
with a plunger controlling three sets of contacts accord 
ing to the following table (in which underlined contacts 
are contacts that close): 

Contacts 

4034 4035 
4037 403S 
4040 4041 
4043 4044 
4046 4047 
4049 4.050 
4052 4053 
4055 4056 
405S 4059 

The contacts 4034 are connected in parallel, by means 
of the lead 4094, to the contacts 4040, 4043, 4046, 4049; 
the contacts 4037 are connected in parallel, by means 
of the leads 4095 and 4096, to the contacts 4053; the 
contacts 4035 and 4055 are serially connected in the 
lead 4097 across the contacts 4056, and the contacts 4038 
and 4058 are serially connected in the lead 4098 across 
the contacts 4059. 
The contacts of the two first columns, when closed, 

admit current from the supply 443 connected to the 
common lead 4061, to the coils controlling the pilot valves 
324, 329, 330, 328, 325, 326 and 327, by means of cir 
cuits extending from leads 4062 and 4063 controlling 
the feeding to the cylinder 128 and leads 4064 and 4065 
controlling the feeding of fittings 27, 28 and 25. 
A security device is added to the contacts of the table 

mentioned above comprising the manually controlled con 
tacts 4086 and 4087 which when in the right hand posi 
tion (i.e. the position illustrated) extend the leads 4016 
and 4017 and which, when in the left hand position, con 
nect these leads to the ground 4085. Figures 21 and 1A 
show that these switches permit manually controlling 
the effects corresponding to a stretching or to a contrac 
tion of the machine. 
An additional circuit comprises a contactor with a 

multiplicity of contacts comprising the double springs 
4093, 4092, 4090 and 4089 operated by a coil 4088 the 
circuit of which (to be discussed later) is completed to 
the ground 4084. The double springs 4093 and 4092, 
when in their normal (left) position as illustrated, con 
nect the switch 1059 in the circuit of the coil 4008. In 
their right hand position, which corresponds to energiza 
tion of the coil 4088, they connect the switch 1059 in the 
circuit of the coil 4008 and the switch 1060 in the cir 
cuit of the coil 4007. 
The double springs 4090 and 4089 form with the 

contacts at the left and at the right thereof an inverting 
switch similarly for the paths 4062 and 4063 and the ex 
tension thereof 4104 and 4105 comprising the coils 406 
and 4107 connected to the ground at 4099. The arma 
tures 4114 and 4115 of these coils control the contacts 
4108 and 4110, and 4109 and 4111 respectively. 

Figures 23 and 24 illustrate the circuits of the rotating 
contactors to be operated manually, in order to deter 
mine the progression of the machine according to one 
of the two possible modes. A first rotating contactor 
with multiple contacts is controlled by a handle 4116 
with three positions 4121, 4122 and 4123. It comprises 
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four coupled cams 4117, 4118, 4119 and 4120. The cam 
4117 has a single recess 4124 into which enters, when the 
contactorisin position 4121 correspondingto manual con 
trol, a locking rod 4125, the description of which will be 
made later. The cams 4118, 4119 and 4120 cooperate 
with corresponding spring arms of switches. 
The cam 4118 controls the contacts 4126. These con 

tacts are closed for position 4123 which is automatic 
withdrawal. They complete then the circuit of the coil 
4988 the effects of which have been considered above. 
The contacts 426 remain open for position 4121 and 
4122 of the handle. The cam 4119 controls the con 
tacts 4427 and 4128. The contacts 4127 are closed in 
position 424 and open in the two other positions. The 
contacts 4128 are closed in the two positions for auto 
matic operation 4,122 ((ahead) and 4123 (back) but are 
opened in the manual position 4121. , . 
The cam 4120 controls the contacts 4129. These con 

tacts are open in the three positions 4121, 422 and 
4123 of the handle but close for a short time by passing 
from an automatic running position (4122 or 4123) to 
the manual position 4121 or from the latter to one of the 
automatic positions. 
A second rotating contactor with multiple contacts is 

controlled by a handle 4130 the six positions of which 
are 1, 2',3', 4', 5' and 6'. This contactor comprises four 
coupled cams, 413, 4132, 433 and 4134. The cam 
431 is provided with a recess 4135 to receive the lock 
ing rod 4125. This rod is free only when the handle 
4ii6 is in the position 4121 for manual operation. The 
canas 432, 4,133 and 4134 cooperate with the corre 
sponding spring arms which open or close the associated 
Contacts, 
The cam 432 controls the contacts 4136 and 4137. 

The contacts 4136 are opened in positions 6, 1’, and 2' 
and are closed for positions 3', 4' and 5. 
The contacts 437 are closed in the same positions. 
The cam 4134 controls the contacts 4139 and 4140. 

The cam 4.133 closes the contacts 4138 in positions 6, 
1 and 2' and opens them in positions 3', 4' and 5. 
The contacts 4.39 are closed in positions 1, 2',3' 

and 4' and are opened in positions 5 and 6. 
The contacts 440 are closed in positions 4, 5, 

1, and are opened in positions 2' and 3. - 
The action of the contactors 4116 and 4130 

upon two relays to be described below. 
A first relay (Fig. 24) comprises a coil 4141 control 

ling the contact spring arms 4142, 4,165, 4143, 4144, 
4145 and 4149. This coil is grounded at 4099 and re 
ceives through the lead 4158 current from supply 443 
(Fig. 23) whenever the contacts 4128 are closed, that is, 
whenever the handle 4116 is in 4122 or 4123 (automatic 

-6 and 

depends 

O 

15 

20 

25 

30 

40 

45 

50 

control positions). The excitation of the coil 4141 causes 
the contacts 4142 and 41.65 to open and the contact 
443, 4144, 4145 and 4149 to close. - 
The contacts 442 are connected by the lead 4150 to 

the fixed element of the contacts 4127 and by the lead 
4151 to the spring arm of the contacts 4139. The con 
tacts 4165 connect the lead 4150 to the lead 4166 which 
extends to the spring arm of the contacts 4140. The con 
tacts 4143 and 444 are serially connected to the leads 
4064 and 4065, the first of which is connected to the 
coil 327a and by means of the bridge 4152, to the coils 
325a, 328a, and 330a, the second of said leads being 
connected to the coil 326a. v 
4149 are connected to the leads 4112 and 4113, fed by 
the supply.443 in Figure 24, and are connected to the 
coills 329a and 324la. . . . - . . . 
A second relay (Figure 23) comprises a coil 4153 

controlling the contacts 4154 and 4155. The excitation 
of the coil 4153 closes the contacts 4154 and opens the 
contacts 4155. The supply 443 in Figure 23 is connected 
to this coil by the leads 4159 and 4,160 provided that 
the contacts 4127 are closed, that is, when the handle 
4116 is in the manual control position. In order to 
close the circuit, that is in order that excitation takes 

The contacts 4145 and, 
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place, the other end of the coil must be grounded. This 
is achieved by the ground 4156, the contacts 4129 and 
the lead 4163 when the handle 4116 passes from an auto 
matic to the manual control position 4121, as explained 
above in conjunction with the description of the cam 
4120. When the handle 4116 is in the position 4121, 
a locking ground 4157 is provided for the coil 4153 by 
the contacts 4154, the lead 4161 and the contacts 4138. 
This locking ground only exists when the handle 4130 
is in one of its positions 1’, 2 or 6' for which the cons 
tacts 4:38 are closed. The contacts 4155 are connected 
between the joining-point of leads 4159 ånd 4160 and 
the lead 464 connected to the spring arm of contacts 
4:137. : . . . . . - - - . . . . . 

Returning to coils 4106 and 4107, it has been noted 
that the excitation thereof closes respectively the contacts 
4108 and 4109, connected in the leads 4112 and 4113 
which, when the contacts 4145 and 4149 are closed, con 
nect supply 442 in Figure 24 with coils 324a and 329a 
(Figure 23). 
To summarize the description above, the members for 

controlling the progression of the machine comprise: 
(1) The coils of the pilot valves grouped in the tender 

3 indicated by dotted lines at the top of Figure 23. These 
coils comprise: 

a. the coils 324a and 329a controlling the passage of 
air to the sides of the piston 210, the first coil causing 
a stretching and the second coil causing a contraction of 
the machine. 

b. the coils 330a, 328a, 325a, 326a and 327a control 
ling the admission of air into the fittings-the coil 326a 
controlling the fitting 125, and the others, connected in 
parallel, controlling the fittings 27 and 28. 

(2) A rotating contactor having handle 4130 with 
six positions for distributing current to the said coils. 

(3). A rotating contactor having handle 4116 with . 
two positions for automatic running and one position for 
manual control. This contactor is associated with the 
contactor 4130 by means of a locking rod 4125 which 
allows for manual control in a single position of the 
contactor handle 4116, in order to prevent false using. 
... (4) A relay 4141 for connecting the coils at the top 
of Figure 23 to the relays in Figure 24, in the case of 
automatic running only. - . 3 2 ^* 3 ; 

(5) A group of contacts 1059 and 1060 in the box 
132, associated through the relays 4007 and 4008 (for 
automatic-running) to the coils 324a and 329a for stretch 

aut and contracting of the machine. The connecting . 
leads are 4062.and 4063, and 4,194 and 4,105. - (6) A reversing switch 400s with multiple contacts 
which controls the stretching and contraction of the ma 
chine, depending on the running condition (ahead or 
back). 

(7) A set of contacts located in Figure 21, open or 
closed according to the inflation condition of the fittings, 
and controlling a set of relays 4009 to 4015. These re 
lays, by means of the lead 4865, control the inflation of 

...the fitting 125 and by means of the lead 4064 control 
the inflation of the other fittings. 

I (8) A set of auxiliary contacts controlling signalling 
devices. - 

For describing the operation it will be assumed that 
“initially: . . . . . ... ." 

(1) All fittings are deflated; : . . " 
- (2) The machine is in any condition between a com 

plete stretching and a complete contraction. This con 
dition corresponds to the positions of the contacts as 
illustrated in Figures 21 to 24. 

70 

75 

AUTOMATIC OPERATION 
Advancing 

All air admitting valves are closed and the handle 4130 
is in position 1'. The rod 4125 releases the handle 41.16 
and this handle will be put in position 4-122 for running 
ahead. Then the current will be admitted to all local 
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sources 442 and 443 by putting the handle 499 in posi 
tion 4001. The cams 497 and 498 close the contacts 
4008a and 4010a, causing the high pressure gauge and 
contact devices 371b and 372ab to be used. The handle 
4116 is in position 4122, the contacts 4126, 4127 and 
4129 are open, so that the contacts 4136, 4-137, 4138, 
439 and 4140 of the other contactor are ineffective. 
The contacts 428 only are closed, whereby the Sup 

ply 443 passes by the lead 4158 to the coil 4141. The 
contacts 4142 and 4143 open (without effect since no 
current is on the lead 4150) and the contacts 443, 
4145, 4144 and 4149 close. The leads 4104 and 41.05 
being without current, the coils 41.06 and 4107 are de 
energized and the contacts 4108 and 4109 remain open. 

: The supply. 443 in Figure 24 is cut from the leads 4112 
and 4113, which causes the closed condition of the con 
tacts 4145 and 4149 to be ineffective and prevents any 
stretching or contraction of the machine. The leads 
4064 and 4065 receive current from the supply 443 in 
Figure 22, because the contacts 4056 and 4059 are 
closed. The lead 4064 supplies current to the coil 327a. 
and by means of the bridge 452, to the coils 325a, 328a. 
and 330a. The lead 4065 supplies current to the coil 
326a. The excitation of the coils 32.7a, 325a, 328a, 
330a and 326a causes the opening of all the valves in 
the tender for feeding air to the fittings. 
The attendant allows for air feeding by opening the 

corresponding hand operated valves. The fittings inflate 
simultaneously. However, it is impossible to guess which 
-of the fittings whether 125 or 27-28 will achieve infla 
tion first... ... 

It will be assumed for the sake of clarity that the 
fitting 125 achieves inflation first. 
The inflation of the fitting 125 causes first the con 

tacts 366b to close and the coil 4013 to operate. The 
contacts 4053 open (without effect) and the contacts 4052 
close. At the same time, the contacts 365b, 368b, 369b, 
and 367b close because the fittings 27 and 28 inflate 
but the result of these closing operations, that is, the 
opening of the contacts 4040, 4043, 4046 and 4049 and 
the simultaneous closing of the contacts 4041, 4044, 
4047 and 4050 are of no consequence, in view of the 

: contrary effect of the contacts 4052 and 4053 controlled 
by the closing of 366b. w 
When the inflation of the fitting 125 is achieved, the 

contact 371b closes, the coil 4014 attracts, closes the 
contacts 4055 and 4057 and opens the contacts 4056. 
Since the contact 4035 is open, the lead 4064 does not 
receive current and the fittings 27, 28 deflate. The con 

itacts 365b, 368b, 369b and 367b which have been closed, 
open again. The opening of the contacts 4041, 4044, 
4047 and 4958 is ineffective, but the closing of the con 
tacts 4040, 4043, 4046 and 4049 gives current to the line 
4063 which feeds the coil 4106. The contacts 4108 close, 
329 is fed and the machine contracts. 
At the end of this shortening, the contacts 1059 close, 

4007 is energized closing 4034, 4035. The closing of 
the contacts 4034 is ineffective because deflation of the 
fittings 27 and 28 closed the chain of contacts 4049, 
4043, 4046 and 4049. The closing of 4035 supplies cur 
rent from 443 to the lead 4064, and causes the fittings 
27 and 28 to inflate. The three fittings are now inflated 
together, and the machine is in shortened condition, as 
illustrated in Figure 18A. 

Should the fittings 27 and 28 inflate first, the opera 
tion would be as follows: 

: At the beginning of the inflation of 28, the contacts 
369b, 368b and 365b close. The coils 4009, 4010 and 
4011 are energized. The contacts 4040, 4043 and 4046 
are open; 4041, 4044, and 4047 close. 
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At the beginning of the inflation of 27, contact 367b 

closes and the coil 4012 is energized. The contacts. 4049 
open, 4050 close. 
At the beginning of the inflation of 125, contact 366b 

closes, coil 4013 is energized, but the effects are tran 

contacts 4052 open and the contacts 4053 close. 

cation with the outside. 

- and to excite the coil 326a. 

20 
sient. Actually, as soon as 27 has reached the maximum 
of pressure, 372ab closes, 4015 is energized, 4058 closes 
and 4059 opens. Since, at this time 4038 is open (the 
machine has not reached an extreme condition), there 
is no current for line 4065. The fitting 125 deflates again. 
The complete deflation of this fitting opens again 366b 
the contacts of which again assume the condition as illus 
trated in Figure 23, that is, 4049 are closed, 4050 are 
open. 
As a result no current is admitted to line 4063, but 

current is admitted to line 4062. The coil 4107 is ener 
gized which closes 4109 which feeds coil 324a. This coil 
is energized and enables... the machine to stretch out. 
The attendant can admit air into the foremost chamber 

5 of cylinder 128 and the machine stretches out to the 
condition of Figure 18C. 
The case wherein the fitting 25 inflates first, will now 

be considered. 
The inflation of the fitting 28 closes the contacts 369b, 

368b and 365b, and the coils 4009, 4010 and 4011 are 
energized. The contacts 4040, 4043 and 4046 open, 
which is ineffective since the lead 4094 and the closed 
contacts 4034 shunt these serially connected contacts. 
The contacts 4041, 4044, and 4047 close, without any 
effect as 4053 is opened at this time by inflation of 
fitting 125. 
The inflation of the fitting 27 causes the contacts 367b 

to close. The coil 4012 is energized, opens the contacts 
4049 (ineffective), closes the contacts 4050 (ineffective). 
The complete inflation of the fitting 27 closes the con 
tacts 372ab. The coil 4015 is energized, closes the con 
tacts 4058 and opens the contacts 4059. This puts the 
machine (which was shortened with the three fittings in 
flated) in the following condition, preparing for its 
lengthening. 
The contacts. 4059 on opening removes the supply 443 

from the lead 4065. The coil releases and the fitting 
125 begins to inflate. The contacts 371b open and the 
coil 4014 releases, closing the contacts 4056 which hold 
the current in 4064, whereby the fittings 27 and 28 re 
main inflated. As the deflation of 125 progresses, the 
contacts 366b open and the coil 4013 is deemergized, the 

The 
opening of the contacts 4052 cut the current in the leads 
4063 and 404. The coil 4106 is deemergized. The 
contacts 4108 open, which cut the current in the lead 

- 4112 and hence the coil 329a is deemergized. The cham 
ber at the rear of the cylinder 210 is placed in communi 

Since the contacts 404, 4644, 
4047 and 4050 (which depend on the fittings 26 and 27) 
are closed, the current from the supply 443 passes now 

- through the lead 4062 to the lead 4105, and the coil 
4107 is energized and the contacts 4109 close. . The 
supply 443. sends current through 4113 to the coil 324a, 
which sends air under pressure to the foremost side of 
the piston 210; the machine stretches out since the fittings 
27, 28 are inflated and press against the soil and the 
fitting 125 is deflated whereby the head of the machine 
is free. The contacts 1059 open, opening 4034 and 
4035 (without effect). 
The machine stretches out until the piston 128 has 

reached its extreme position (Figure 18C). Then, the 
contacts 1060 close. The coil 4008 is energized and 
closes the contacts 4037, 4038. The closing of the 
contacts 4037 keeps the current Supply 443 on the lead 
4062 and on the coil 4107. This maintains the machine 
stretched the time required to allow alternation of the 
operation of the fittings. The inflation of 125 is caused 
by the closing of the contacts 4038 which allows the 
current from supply 443 to pass through the lead 4065 

1. This inflation takes place 
(the machine passing to the condition shown in Figure 
18D and causes the contacts 366b and 371b to close in 
succession. The operation of the coil 4013 controlled by 
the contacts 366b also opens the contacts 4053 and 
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closes the contacts 4052. This is momentarily without 
effect, but prepares the circuits for the next step of 
shortening. The energization of the coil 4014 which 
takes place thereafter closes the contacts 4055 (momen 
tarily without effect) and opens the contacts 4056. The 
current in the lead 4064 and in the coils 330a, 328a, 
and 325a is suppressed and the fittings 27 and 28 deflate. 
The fitting 27 by deflating first opens the contacts 372ab 
which closes the contacts 4059 and opens the contacts . 
4058, whereby the condition of the fitting 125 does not 
change since the contacts 4059 hold the current in the line 
4065. The contacts 367b open, which causes the con 
tacts 4049 to close and the contacts 4050 to open. The 

O 

contacts 4050 cut the current in the leads 4062 and 4,105. 
The coil 4107 is deemergized and the contacts 4109 and 
4111 open. The opening of the contacts 409 deener 
gizes the coil 324a. No air is admitted at the foremost 
side of the piston 210 and the foremost chamber of the 

15 

cylinder 128 communicates with the cutside. Simul. ... 
taneously, the deflation of the fitting 28 causes the coils 
4009, 4010 and 4011 to deemergize which closes the con 
tacts 4040, 4043 and 4046, and since the contacts 4049 
and 4052 are closed at this time, current flows through 
the leads 4063 and 4104 to the coil 4106 which is en 
argized. The contacts 4108 that control the coil 329a 
close. Air is admitted to the rear side of the piston 210 
and the machine which is in the condition of Figure 18E 
shortens. The contacts 4041, 4044 and 4047 open which, 
iby a circuit already described, deenergizes the coil 324a. 
The contacts 1060 open as soon as the shortening be 
gins, causing the contacts 4037, 4038 to open. - 
When the shortening is accomplished (Figure 18F) 

the contacts 1059 close. The contacts 4034 and 4035 
close at the same time. Since the contacts 4055 remain 
closed, the closing of the contacts 4035 feeds the lead 
4064 and the fittings 27 and 28 inflate again by means 
of the circuit already described. The contacts 4034 
maintain the machine in shortened condition until the 
subsequent deflation of the fitting 125 has taken place. 
The machine is brought to the condition of Figure 18A, 
that is, all fittings are inflated and the machine is short 
ened and ready for a new cycle which will start with 
the deflation of the fitting 125, this deflation being caused 
by the opening of the contacts 4959 when the coil 4015 
will be energized because the contacts 372ab close, which 
happens at the end of the deflation of the fitting 27. 

Withdrawal 
. The reverse of the machine advance is achieved by 
putting the handle 4121 in the position 4123. The con 
tacts 4128 are closed, and the contacts 427 and 4129 
are open, as in the preceding case, but the contacts 4-126 
are now closed. This results in the coil .4088 being ener 
gized. The contacts 4090 and 4989 then connect the . 
lead 4062 to the lead 4184, and the lead 4063 to the 
lead 405, causing energization of the coils 406 and 
;4107 effecting shortening and lengthening, to reverse. 
Similarly, the contacts 4092 and 4093 reverse the effect 
of the contacts for shortening and lengthening, on the 
coils 4007 and 4688. The result of this, is that where 
the machine stretched out, the machine now contracts 
and conversely. Since the play of the fittings will not be 
changed it will be obvious that this permutation will re 
place the advance by a withdrawal according to a process 
in all points similar to that above described. s 
The description above shows that the relays 4007 to 

405 operate to accomplish: 
(1) the closing of the contacts 1059 and 1060 causes 

the inflation of the fittings 27 and 28, and 125 respec 
tively, which can only inflate under these conditions ex 
cept in the case where all fittings are initially completely 
-erampty; 

(2) Every inflation of fitting 125 causes a deflation 
of fittings 27 and 28 and conversely, and this deflation 
takes place only under such circumstances where every 
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inflation of 125 causes the deflation of 27 and 28 and 
conversely; . - · · 

(3) the end of the deflation of fittings 27 and 28 
causes simultaneously the suppression of the air for 
lengthening and the admission of the air, for shortening 
in the cylinder 128. 

Conversely, the end of the deflation of 125 causes the 
suppression of the air for shortening and the admission 
of the air for lengthening simultaneously. - 

It will also be noted that by having the contacts 4034 
and 4037 in parallel with the others, air for shortening 
or lengthening is maintained on the sides of the piston 
210 during the interchange of the fittings 125 and 27 

4034 holds current in the lead 4063 until 4052 28: 
cuts it at the end of the deflation of 125, 4037 holds 
current in the lead 4062 until 4041, 4044, 4947 and 4050 
cut it at the end of deflation of the fittings 27 and 28. 

It will also be noted that if one of the fittings bursts 
or leaks, the individual switch of said fitting will oper 
ate. If this happens for the fitting 125, the shortening 
will stop. On the contrary, the lengthening stops if a 
failure happens in the fittings 27 or 28. 
In each case, the fittings without failure will inflate, 

thereby maintaining the tightness of the working room. 

MANUAL OPERATION 
Putting the contactor handle 416 in position 4121 

results in the following effects: 
The cam 4117 releases the locking rod 4,125, and the 

contactor handle 4130 is released; 
The cam 4.1.18 keeps open the contacts 4126. The 

coil 4088 is not energized and the contacts thereof are 
normal. The switch 1060 controls the coil 4008. The 
lead 4062 is extended through the lead 4,105 and the 
lead 4063 is extended through the lead 404. 
The cam 41i,9 closes the contacts 4127 and opens the 

contacts 4,128. The supply 443 in Figure 23 is admitted 
to the leads 4,159 and 4.66 and to the coil 4153 which 
is energized by placing the handle 4130 on 1 and re 
mains excited because a circuit is completed which com 
prises the contacts 4154, the lead 4160, the contacts : 
4138, the coil 4135 and the ground 4157. Because con 
tacts 4,128 are open, the coil 4145 is not energized. 
Therefore, the contacts 4143, 4144, 4145 and 4149 re 
main open and the contacts .4142 and 4.65 are closed. 
The supply 443 in Figure 23 is admitted through the 
contacts 4127 over the lead 4150, and the leads 4151 
and 4566 to the spring arms, of the contacts 4139, and 
4,148, respectively. On the other hand, the opening of 
the contacts 4155 prevents current from reaching the 
contacts 41.37 over the lead 4164. 
The cam 4120 which closed for a short time the con 

tacts 4129 holds the said contacts open so that, if the 
cam 45.33 should open the contacts 438, the ground 
4157 is removed from the coil 4153 whose armature re 
leases, opening again 454 and closing 4155. 

Operator operates the contactor handle 4130. 
Initially, the handle 4130 must be in the position 1'. 

The contacts 4,139 being closed, current from source 443 
already admitted to the spring arms cooperating with 
cam 4134 is fed to 330a, 328a and 325a controlling the 
fitting 28, and the corresponding pilot valves admit air 
into the three cushions of this fitting. The bridge 4152 
feeds current to the coil 327a which controls the ad 
mission of air into the fitting 27. The contacts 4140. 
being closed, the coil 326a is excited and the correspond 
ing pilot valve causes air to enter into the fitting .125. 
Hence, the three fittings are inflated and the machine is 
shortened, which corresponds to Figure 18A but without 
air in the cylinder. 
The cam 4.133 holds the contacts 4138 closed, the ef 

fect of which has already been set forth. 
The cam 4132 holds the contacts 4137 closed which 

is without effect since the contacts 4155 are open. The 
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contacts 4136 are open, so that no current from Supply. 
443 is admitted into the coil 324a. 
The operator places the handle in position 2' and the 

contacts 4136, 4137, 4138 and 4139 remain unchanged, 
but the cam 4134 opens the contacts 4140. Therefore, 
the coil 326a is deemergized and the corresponding pilot 
valve acts on the valve 319 which allows the conduit 351 
to discharge. The fitting 125 deflates and the pressure 
gauge contacts 371b and 366b open again which ex 
tinguishes the lamps 4070 and 4071. The machine is in 
the condition illustrated in Figure 18A but no air can 
be admitted to the piston of cylinder 128. - 
By placing the handle 4130 in position 3, the con 

tacts 4136 close, allowing the supply 443, over the con 
tacts 4-127, the leads 4159,4160 and 4162, to feed the 
coil 324a which is energized. Air is admitted to the 
front side of the piston 210 and the machine stretches 
out by advancing the tools into the soil while the inflated 
fittings 28 and 27 hold the tail stationary. The contacts 
4137 open which opens the circuit of the shortening coil 
329a and the machine can not contract. The contacts 
4133 open, removing the ground 4157 from the coil 
453. This coil is deemergized and the contacts 4155 
close, allowing the supply 443 to reach the spring arm 
of contacts 4137 for preparing the following operations. 
The contacts 4139 remain closed, thereby maintaining 
the inflation of the fittings 27 and 28, and the contacts 
4140 remain open, so that the fitting 125 remains de 
flated. The end of the lengthening step corresponds to 
the situation shown in Figure 18C. 
The handle 4130 is brought in position 4' where the 

contacts 4136, 4137, 4138 and 4139 remain in their 
previous condition, but contacts 4140 close. The coil 
326a is excited and causes-as already described-the 
inflation of the fitting 125 (Figure 18D). 
By putting the handle 4130 in position 5, the con 

tacts 4136 remain closed, and the contacts 4137 and 4138 
remain open. The contacts 4139 open and no current is 
supplied to the coils 330a, 328a, 325a and 327a, so that 
the fittings 27 and 28 deflate. 
By placing the handle 4130 in position 6', the contacts 

4139 remain open and the contacts 4140 remain closed 
as in the previous position. The fittings 27 and 28 re 
main deflated and the fitting 125 remains inflated. But 
as the contacts 4136 open, the coil 324a is deenergized 
and air is prevented from reaching the front side of the 
piston 210. The contacts 4137 close, and since the 
contacts 4155 are now closed, current from supply 443 
goes to the coil 329a, which admits air to the rear side 
of the piston 210, initiating the shortening process. On 
the beginning of this step, the machine is as illustrated 
in Figure 18E. and at the end as shown in Figure 18F. 
Should the handle 4130 at this time be put in position 

1, the contacts 4136,5137, 4138 and 4140 would re 
main in the previous condition, but the contacts 4139 
would open. The inflation of fittings 27 and 28 would 
follow and the machine would return to the condition 
of Figure 18A.. The machine is thus recycled. 

However, a difference is to be noted, in that the contacts 
4155 are now closed. Therefore, the supply is connected 
to the spring arms of the contacts 437. Air is maintained 
at the rear side of the piston 210 thus preventing the 
machine from elongating, until the contacts 4137 open 
again when the handle is placed in position 3'. It will be 
seen that the coil 4153, and the leads 4161, 4162 and 
4163 no longer play a role in the machine operation. 
These devices were useful for passing the handle from 
any position corresponding to automatic operation to a 
position for manual control, so that a reference condition 
should be attained for which all fittings would be inflated 
and no air be in the cylinder 128 in order to prevent any 
undesired motion of the machine. 
By passing from position 1' to position 6', the con 

tacts remain in the condition they had in position 1', ex 
cept for the contacts 4139 which open. The fittings 27 and 
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28 deflate. The machine passes from the condition in Fig 
ure 18A to the condition in. Figure 18D. By then put 
ting the handle in position 5, the contacts 4139 and 4140 
remain open and closed respectively, and the fittings re 
main unchanged. The contacts 4138 open thereby pre 
venting contraction, while the contacts 436 close, and 
air pressure is sent to the front side of piston, 20, elon 
gating the machine. - m 

Figure 18F shows that this lengthening of the machine, 
with the fitting 125 alone adhering to the soil, tends to 
draw back the tail into the position of Figure 18E. At 
the end of this lengthening, the operator can put the han 
dle. 4130 in position 4'. Only contacts 4139 are then 
changed and close. Air is admitted to the fittings 27 and 
28 and at the end of the inflation thereof the machine is in 
the condition of Figure 18D. By passing the handle 4130 
to position 3', only contacts 4140 open, resulting in the 
deflation of the fitting 125 (Figure 18C). The passing 
to position 2' opens the contacts. 4138 without effect but 
4136 will open and 4137 close. Thereby, the machine is 
prevented from elongating and air is admitted to the cylin 
der for contraction, the head being drawn back towards 
the tail. The passing to position 1 reestablishes inflation 
of fitting 125 and the machine is recycled. It is seen that 
the process just described corresponds to withdrawal. 
Thus, the advance is provided by placing the handle 4130 
in succession into the positions 1’, 2, 3, 4, 5", 6", while 
withdrawal is provided by putting the handle in succession 
into the positions 1, 6, 5, 4',3', 2'. 

During the running back of the machine, the tools of 
the plate 18 effect no work. It may be advantageous to 
allow the motor 14 to run in order to let the cutters 189 
and 191 regularize the walls of the borehole. This opera 
tion requires little power, only minor couples are involved 
and air at a low pressure will be sufficient for inflating the 
fittings. The pressure gauge contacts 371ab and 372b 
will operate instead of the contacts 371b and 372ab, and 
the handle 499 will be put in position 4002 for idling. 

It is thought that the invention and its advantages will 
be understood from the foregoing description and it is ap 
parent that various changes may be made in the process, 
form, construction and arrangement of the parts without 
departing from the spirit and scope of the invention. 

I claim: 
1. Excavator apparatus for making a borehole in rocks, 

Soil, coal seams, minerals and solid masses and the like, 
comprising a telescoping device having an external ele 
ment and an internal element, a peripheral fitting mounted 
upon said external element, means cooperating with said 
fitting for establishing an uninterrupted peripheral fric 
tional and tight engagement of said fitting with the walls 
of the borehole and thereby substantially fixing in posi 
tion said external element with respect to said walls, means 
for releasing said engagement, means for selectively con 
trolling said means for engaging and releasing said fitting, 
a second peripheral fitting mounted upon said internal 
element, means cooperating with said second fitting for 
establishing an uninterrupted peripheral frictional and 
tight engagement of said second fitting with the walls of 
said borehole, and thereby substantially fixing in position 
said internal element with respect to said walls, means for 
releasing said engagement of said second fitting, a second 
controlling means for selectively controlling said means 
for engaging and releasing said second fitting, means for 
stretching said telescoping device, means for shortening 
said telescoping device, a third controlling means for se 

70 
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lectively controlling said stretching means and said short 
ening means, a hollow head mounted at one end of said 
internal element, the interior of said head being in com 
munication with the interior of said internal element, said 
head having at least one aperture emerging into the space 
around said head between the free end of said head and 
said peripheral fitting closest to said head, a rotative ex 
cavating device mounted on the free end of said head and 
having at least one plate constituting a rotor, cutting tools 
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móunted ón said rotor, a motor having a shaft located 
in said internal element to drive said rotor with respect to 
said internal element, a first tube connected to said inter 
tion with the interior of said internal element, the other 
nal element having an opening at one end in communica 
end of said tube being connected to an external source of 
a fluid under pressure, a second tube connected to said 
internal element having an opening at one end in com 
munication with the external space around said head and 
another opening at the other end at a selected remote 
position to take over the excavated materials and trans 
port them to said remote position by means of said fluid 
under pressure delivered from said first tube, and means 
located at a remote position for controlling the operation 
of said means associated with the excavator apparatus. 

2. An excavator apparatus as set forth in claim 1, hav 
ing in combination with said peripheral fittings and with 
said rotative excavating device a crushing device mounted 
on said rotor having an inlet and exit, guiding means for 
conveying the excavated material from said tools to said 
crushing device, said second tube having its first named 
opening at the exit of said crushing device, to receive the 
crushed materials therefrom and transport them to said 
selected remote position by means of said fluid under pres 
sure delivered from said first tube. 

3. An excavator apparatus as set forth in claim 1, hav 
ing in combination with said peripheral fittings and with 
said rotative excavating device a crushing device com 
prising a sleeve forming part of said head extending co 
axially with said rotor and having circumferentially spaced 
apertures, the interior of said sleeve being in communica 
tion with the interior of said head, circumferentially 
Spaced scoops mounted around said sleeve and connected 
to said rotor, each scoop having a radial and a circum 
ferential aperture, said circumferential apertures being di 
rected to said apertures in said sleeve, and an annular 
coaxial wheel having peripheral helicoidal blades rotat 
ably mounted in said sleeve and keyed to said shaft of said 
motor, said second tube being in communication with the 
external space around said head through the interior of 
said sleeve and said peripheral apertures thereof. 

4. An excavator apparatus as set forth in claim 3 
wherein said first tube and said second tube are both in 
communication with the interior of said sleeve. 

5. An excavator apparatus as set forth in claim 1 in 
which said fitting Secured peripherically around said in 
ternal element comprises a substantially inextensible de 
formable casing, means for selectively introducing a fluid 
under pressure into said casing, means for withdrawing 
said fluid therefrom, a first and a second fitting secured in 
spaced relation peripherically around said external elle 
ment, each comprising a substantially inextensible deform 
able casing, the first one of said last mentioned casings 
containing at least three independent inflatable cushions, 
means for introducing selectively and individually a fluid 
under pressure into said three independent cushions, 
means for withdrawing selectively and individually said 
fiuid therefroin, means for introducing a fluid under pres 
sure into the second one of said mentioned casings on said 
external element, means for withdrawing said fluid there 
from, said deformable casings being proportioned to make 
tight and frictional engagement along at least one unin 
terrupted line with the walls of the borehole when said 
cushions and said casings respectively are inflated. 
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6. An excavator apparatus as set forth in claim 5 

wherein said external element has elongated slots extend 
ing along the direction of the longitudinal axis of said 
telescoping device, said internal element having projec 
tions protruding through said slots, said fitting mounted 
on said internal element being secured on said projections 
and said fittings secured to said external element being 
disposed with said fitting secured to said internal element 
between them, 

7. An excavator apparatus as set forth in claim 1 
wherein said fittings comprise rims and inflatable casings 
thereon with a relatively extended and relatively stiff area 
for tightly engaging the walls of the borehole upon in 
flation of said casings, said casings having at both sides 
of said extended area arcuate parts joining the rim tan 
gentially. 

8. An excavator apparatus as set forth in claim 1 
wherein said fittings comprise each a substantially inex 
tensible deformable casing, means for selectively intro 
ducing a fluid under pressure into said casings, thereby 
causing said casings to inflate to make tight and frictional 
engagement along an uninterrupted line with the walls of 
the borehole upon inflation, means for selectively with 
drawing said fluid under pressure from the casings, con 
trolling means for operating said means causing inflation 
and deflation of said casings, said controlling means com 
prsiing for each casing an inlet and an outlet valve con 
nected to a source of fluid under pressure and to an 
exhaust respectively, relays for actuating said valves, 
switching means for actuating said relays, a circuit com 
prising said switching means, said third controlling means 
for selectively controlling said stretching means and said 
shortening means comprising individual relays for actu 
ating them, second Switching means for actuating said 
individual relays, a second circuit comprising said second 
Switching means, signalling means for each casing com 
prising a switch responsive to the fluid pressure in said 
casing, a third circuit comprising said switches, a source 
of electric power, means for connecting said first, said 
second and said third mentioned circuits to said source, 
and means for interconnecting said switches in said cir 
cuits to cause the alternate inflation and deflation of said 
casings of said two elements, the end of the deflation or 
inflation of said casings of said internal element causing in 
response to said respective signalling means inflation or 
deflation of the casings of said external element and vice 
versa, said interconnecting means providing for actuation 
of said means controlling said alternate stretching and 
shortening of said telescoping device, whereby deflation 
of said casing of said internal element causes stretching, 
while deflation of said casings of said external element 
causes shortening of said telescoping device, 
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