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This invention relates, as indicated, to tunnel 
ing machines. 
Among other objects of the invention are to 

provide a machine which may be easily moved 
in the tunnel in which the tunneling operations 
are being conducted; which is designed to cut 
materials that have heretofore resisted tunneling 
operations attempted with existing machines; 
Which may be locked in operative position so as to 
to resist longitudinal and twisting movements; 
Which may be easily leveled in the event of tilt 
ing; which is adapted to bore holes of relatively 
Small diameter and in which is embodied means 
Whereby the machine may be adjusted to bore 
holes of various diameters. 
To the accomplishment of the foregoing and 

related ends, Said invention, then, consists of 
the means hereinafter fully described and par 
ticularly pointed out in the claims, the annexed 
dra Wings and the following description setting 
forth in detail certain mechanism embodying the 
invention, such disclosed means constituting, 
however, but one of various mechanical forms 
in which the principle of the invention inay be 
used. 
In Said annexed drawings: 
Fig. l is a top plan view of the machine; Fig. 

2 is a side elevation of the machine; Fig. 3 is a 
bottom plan view of the machine; Fig. 4 is a 
transverse CrOSS-Sectional view of the machine 
taken on the line 4-3 of Fig. 2; Fig. 5 is a trans 
Verse Cross-sectional view of a portion of the ma 
chine, taken on the line 5-5 of Fig. 1: Fig. 6 is 
an enlarged CrOSS-Sectional view taken on the 
line €-S of Fig. 7 and showing a portion of the 
nechanism for actuating One of the stabilizing 
Wheels; Figs. 7 and 8 are cross-sectional views, 
taken on the lines - and 8-8 respectively of 
Fig. 6; Fig. 9 is a front elevation of the cutter 
assembly; Fig. 10 is a view, partly in cross-sec 
tion and partly in side elevation, of the cutter 
assembly, taken on a line Substantially indicated 
by the line - of Fig. 9; and Fig. 1) is an 
enlarged cross-sectional View, taken on the line 
- of Fig. 9. 
Referring more particularly to the drawings, 

it will be seen that the machine comprises a 
lower frame and an upper frame 2, the lower 
frame being provided with longitudinally spaced 
pairs of hangers 3, in Which are journalled shafts 
4 and 5. Shaft 4 has keyed thereon a pair of 
sprockets 6 and shaft 5 a pair of idler wheels 7. 
Sprockets 6 serve to drive an endless track 8. 
It is to be noted that but a single traction device 
of this character is employed, that the device is 

(C. 262-7) 
rather narrow, and that it is positioned centrally 
With respect to the sides of the machine. This 
construction and arrangement of the endless 
track enables the machine to be Swerved within a 
fairly small radius and enables holes of fairly 
Small diameter to be bored. The track 8 is 
adapted to be driven by a motor 9 through the 
intermediary of a Worm 0 on the motor shaft, 
Worm wheel , clutch 2, pinion f3, gear 4, 
worm 5, worm wheel 6, sprockets , chains 0 
and Sprockets f9, which are mounted on the ends 
of shaft 4. 

For the purpose of elevating the cutter shaft 
to be presently described so as to permit the use 
Of cutter-Supporting arms of various lengths, 
the frame 2 is adapted to be elevated vertically 
with respect to the frame . This is accom 
plished by the use of Screws 20 which are dis 
posed adjacent the corners of the frames. These 
Screws are suitably mounted on the frame and 
are in threaded engagement with the frame 2. 
Each screw has keyed thereto adjacent its lower 
end a Worm wheel 21, whereby the screws are 
rotated to elevate the frame 2. The Worn 
wheels for the screws at the rear of the machine 
are driven in unison by a motor 22, through the 
internaediary of a clutch 23, spur gears 24 and 
25, worm 26, Worm wheel 27, shaft 28, and Worms 
28, which are secured to the ends of said shaft. 
The drive for the Worm. Wheels at the front of 
the machine is obtained by a motor 30 through 
mechanism. Similar in all respects to that for the 
rear Worm. Wheels, except that bevel gears 3 
and 3 are employed instead of worn 26 and 
Worm wheel 27. By providing separate drives 
for the front and rear screws, a limited degree 
of tilting of the frame 2 may be obtained. This 
is of advantage where the machine is on soft 
ground and Settles to some extent due to its own 
Weight. In Such case, the front or rear screws 
may be actuated to restore the upper frame 2 to 
a horizontal or other desired level. The frames 
and 2 are maintained in alignment during 

elevation or lowering of the frame 2 by means of 
pins 2a, which are secured to the frame 2 and 
extend into apertures a in the frame . These 
pins not only facilitate the adjustment of the 
frame 2 with respect to frame by preventing 
binding of the Screws 20, but are also effective to 
take up shearing stresses which would otherwise 
be transmitted to the Screws 28 during tunneling 
Operations. 
Since the machine is provided with a single 

centrally disposed endless track, it would have 
a tendency to tilt laterally either when being 
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2 
moved to and from its destination or during 
movement of the achine in a tunnel. For the 
purpose of steadying or stabilizing the machine 
during such movements, We have provided a 
number of Stabilizing wheels or rollers 32. These 
wheels are disposed beneath the frame and 
preferably adjacent the corners thereof. Each 
of the Wheels is rotatably mounted on a Stub 
shaft 33, which is journalled in a bearing 34 
carried by a screw 35. The screws 35 extend 
upwardly into the frame and are So mounted 
that they may be raised or lowered without being 
rotated. To this end, each screw as shown in 
Figs. 6, 7 and 8 is provided with a slot or keyway 
36, into which extend keys 37 and 38, the key 
38 being secured to the frame as by means of a 
Screw SS. Wertical movement of the Screw is Se 
cured by means of a Worm wheel 49 Which is in 
threaded engagement with the screw. The 
wheels 32 at one side of the machine are adapted 
to be raised or lowered in unison and independ 
ently of the wheels at the opposite side of the 
machine. For this purpose, each pair of Wheels 
is driven by a motor 4 which drives the Wheels 
through the intermediary of a clutch 42, Sprocket 
43, chain 44, sprocket & 5, shaft 46 and worm 4, 
which are in mesh. With Worm wheels 40. The 
wheels 22 are not intended to sustain the Weight 
of the inachine, and they are therefore never low 
ered to a point which would cause them to SuS 
tain such Weight. Their function is primarily 
to stabilize the machine during its progreSS 
through a tunnel or over city pavements and 
the like. They also perform certain Secondary 
functions which will appear hereinafter. 
The frame 2 of the machine has provided in 

its upper surface a recess 48 in which is mounted 
for slidable movement longitudinally of the 
frame a carriage. 49. The carriage has mounted 
thereon a plurality of spaced pedestal bearings 
50 in which are journalled the cutter shaft 5, the 
rear end of this shaft being in abutment. With a 
thrust bearing 52. The cutter shaft is adapted 
to be rotated by a motor 53 through the inter 
mediary of a chain belt 54, clutch 55, shaft 56, 
Worms 57, Worm wheels 58 (see Fig. 5), Worms 
59 and worm wheels 6, the latter being keyed 
to the shaft 5. The aforesaid driving mecha 
nism is suitably enclosed within a housing 64, 
as shown in Fig. 5. It will be noted that the 
drive for the shaft, 5 is transmitted to the latter 
at two longitudinally spaced points. This re 
duces the strain on the various elements of the 
driving mechanism. 
The cutter shaft 5 has rigidly Secured to its 

forward end a cutter head which, as shown in 
Figs. 9 to 11, comprises a hub 62 and four ra 
dially extending members 63. Each of these 
members has formed in its front face a recess 
64 which extends from the extremity of the 
member to a shoulder 65, which is Spaced SOme 
What from the center of the cutter head. Mount 
ed. Within these recesses 64 are cutter carrying 
arms 66. These arms are cult a Way at their inner 
ends to provide a shoulder 67 which is adapted 
to abut the shoulder 65 so as to facilitate the 
mounting and proper positioning of the arms 
on the cutter head. When properly mounted, 
as shown in Fig. 9, the arms 66 are removably 
secured to the cutter head, as by means of bolts 
61 and S8. Each of the arms 66 is provided with 
a multiplicity of longitudinally spaced recesses 
69, within which cutters 0 are mounted and re 
movably secured, as by means of set screws 7. 
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Each cutter is provided at its opposite ends with 
a cutting edge 2, SO that When one edge of a cut 
ter becomes Worn, the cutter may be reversed and 
the other cutting edge used. The cutters are 
moreoVer so mounted that their forward ends are 
inclined in the direction of movement of the cut 
ter head. It will also be noted that the arms are 
offset from of air"anged iaiterally of the axis of 
the cutter head so that the inner portion of each 
an overlaps the inner erd of one of the adjacent 
arms. The arrangement may also be described 
as consisting of cutters having their cutting edges 
arranged in tWO lines. Which interSect each other 
at right angles and at the axis of the cutter head. 
This arrangement enables the arms to be pro 
Vided With a Sufficient number of additional cut 
tel's to cut takerial at the very center of the cut 
ter head. It ill be further incited that the cut 
ters in each arm are uniformly Spaced from each 
other but that the corresponding cutters in each 
Successive arm (considered in a clockwise direc 
tion as Viewed in Fig. 9) are arranged a little 
farther from the center of the cutter than those 
on the preceding arm. Thus, the cutter B is a 
little ifarther fron the Ceil,8i of the cuttei head 
than cutter A, cutter C extends slightly faither 
from the center than cutter B, cutter D a little 
farther than cutter C, etc. The cutting edge of 
Cutter C, however, is a little longer than those 
of the other cutters and extends inwardly to the 
Center of the cutter head so as to cut material at 
Such point. The Literios: cutters E Qin each 
an extend slightly keyond the ends of the arm 
and are provided With additional cutting edges 
73 (see Fig. 10). By extending the cutters Elbe 
yond the ends of the arms and beyond buckets 
4 which are secured to these arms, stresses 
Which would otherwise be transmitted to the 
buckets are absorbed by these cutters. The 
aforeSaid ai'i'agennent of the cutters enables 
the cutting action to be uniformly apportioned 
among all of the cutters and prevents undue 
stresses on any of the cutters. As further shown 
in Fig. 10, the cutters are so arranged that those 
at the center of the cutter head are in advance 
of those at a greater radial distance from the cen 
ter, the extent to which the cutting edges on each 
arn are arranged in advance of the other cut 
ting edges being inversely proportional to the 
distance of Such cutting edge from the center 
of rotation of the cutter head. This enables the 
brunt of the pressure on the cutting head at the 
beginning of the tunneling operations to be sus 
tained by the centrally disposed cutters which 
are best able to withstand such pressure. By 
providing Cutter-carrying arms which are remov 
ably Secured to the cutter head, and by Securing 
the buckets directly to the ends of such arms, 
instead of to the cutter head, it becomes possible 
to use longer or shorter arms, as desired, to there 
by vary the diameter of the hole which is being 
bored. Moreover, by securing the buckets direct 
ly to the Cutter arms, the position of the buckets 
is automatically changed at the time longer or 
shorter arms are Substituted for those shown. 

During the cutting operations, the carriage 49 
is adapted to be advanced a predetermined dis 
tance, after which it is adapted to be quickly re 
tracted to its initial position, as illiistrated in the 
drawings. For this purpose, a screw 5 is pro 
Vided Which is rigidly Secured to air abutment 6 
On the rear end of the carriage. This ScreW is 
adapted to be actuated in either direction with 
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manner similar to that in which the screws 35 are 
actuated. To this end, a Worm. Wheel F is thread 
ably secured to the screw and this worm is driven 
by a Worm 78 Which is in turn driven by a motor 
9 through a variable transmission, preferably of 

the Reeves type. By employing a transmission 
of this type, the carriage may be advanced very 
Slowly during the cutting operations, but may be 
retracted very quickly, thereby effecting a coin. 

O siderable saving in time. To facilitate noverinent 
of the carriage 49 a roller is mounted on the 
frame. 

For the purpose of resisting any tendency of 
the machine to rotate or twist bodily about the 

15 shaft 5 as a result of the tunneling operations, 
a number of jacks or locking elements 8 are pro 
vided. These elements are in the for in of inter 
naliy threaded sleeves pointed at one end so as 
to pierce the Walls of the tunnel. They are 

20 minounted on ScreWS 82 and are longitudinally ad 
justable With respect to these Screws so that they 
may be adjusted in accordance with the diameter 
of the tunnel which is being formed. The screws 
82 are adapted to be moved longitudinally with 

25 out being rotated, and for this purpose, each 
Screw is mounted on a pedestal 83 in a manner 
similar to that in which the screws 35 and 5 are 
mounted, and has threadably engaged therewith 
a Worn wheel 84, which is driven by a worn 35. 

30 Worm wheel 85 is driven by motor 35 through 
clutch 8, pinion 88 and gear 89. he moto's 
are suitably mounted on the frame 2 of the worn. 
Each of the locking elements 8 is thus inde 
pendently actuated. 

35 Means have also been provided for transport 
ing away froin the floor of the tunnel the material 
which has been cut. As previously stated, the 
buckets & mounted on the cutter-supporting 
arms 3, in the course of rotation of shaft 5: pick 

40 up the cut material from the floor of the tunnel. 
When each bucket in turn reaches the uppermost 
position shown in Fig. 9, the material is dumped 
from the bucket onto an endless conveyor belt 
93. This belt as shown in Figs. 1 and 2, is mount 

45 ed on a frame 9 , which is carried by uprights 92 
mounted on the carriage 89. The rear end of the 
frame 9 is supported by a platform 93 which is 
mounted on an inverted U-shaped pedestal 34, 
which in turn is carried by and is vertically ad 

50 justable With respect to arms 95. Ains 96 carity 
Wheels 96, which are adapted to inove on rails 
9 which are laid down on the floor of the linel 
as the machine is advanced. The conveyor beii, 
33 is driven by a motor 38 through a Reeves or 
other Suitable variable Speed transmission, the 
notor being mounted on the platform 93. 
The machine is also provided With a substantial 

semi-circular apron 99 which is removably se 
cured to the front of the frane and Serves to 

60 push forward any loose material not picked up by 
the buckets it. 
The operation of the machine may now be 

briefly described as follows: The machine is noved 
to the desired location in a tunnel and is locked 

65 in position by advancing the locking elements 8 
into engagement With the Walls Of the tunnel, 
Such Walls being generally indicated by the dot 
dash circle in Fig. 4 of the drawings. With the 
machine thus in position, the stabilizing wheels 

70 32 may be lowered into engagement with the wails 
of the tunnel, thereby assisting the elements 8 in 
resisting any tendency of the machine to rotate 
or twist bodily about the shaft 5i as a result of 
the tunneling operations. The Wheels 32 are 

75 also effective to level the machine, if for any 

5 

5 5 

reason, it becomes tilted during the tunneling 
operations. This operation is facilitated as the 
result of the employment of only a single endiess 
track 8 for traction purpose, such track obviously 
offering less resistance to leveling than would a 
pair of laterally spaced tracks. 
With the machine thus locked in position, the 

Cutter head is rotated in the direction indicated 
by the arrow in Fig. 9 to begin the cutting op 
erations and the carriage 59 is simultaneously iO 
advanced. During the cutting operation, tine ina 
terial which is dumped onto the conveyor belt 35 
is carried by the latter to the rear of the na 
chine and is dumped by gravity into a car which 
folioWS the machine for this purpose. After the li, 
carriage 49 has advanced to its forward limit Cf 
movement, it is retracted to its initial position, as 
shown in Figs. 1 and 2. The locking elements & 
are then retracted and the entire inachine driven 
for Ward to a position in Which the aforesaid 20 
Cutting operations may be renewed, whereupon 
the locking elements are again moved to opera 
tive position and cutting is renewed. When it is 
desired to calise the machine to SWeive to sonne 
extent to vary the direction of the tuniel, it is 
only necessary to retract three of the locking ele 
ments 8 , leaving one of the elements, which it 
is desired to use as a pivot point, in engagement 
with the wall of the tunnel. The entire machine 
Will then move about this remaining locking ele- C) 
inent as a pivot. 
When it is desired to bore a tunnel of larger 

diameter, it is only necessary to elevate the frame 
i to the desired position and to substitute for the 
cutter-carrying arms, longer arms. .5 

It is thus Seen that We have provided a ma 
chine which may be easily moved in a tunnel 
in Which Cperations are being conducted; Which 
Cuts materials that have heretofore resisted tun 
neling Operations; which may be locked in opera - 40 
tive position; Which may be easily leveled; Willich 
is adapted to bore small holes and is adjustable 
to bore holes of various diameters. 
Other modes of applying the principle of our 

invention may be employed instead of the one 5 
explained, change being made as regards the 
mechanism herein disclosed, provided the means 
Stated by any of the following claims or the 
equivalent of Such stated means be employed. 
We therefore particularly point out and dis- 0 

tinctly claim as our invention: 
1. In a tunneling machine, a motor-driven 

frame, a Second frame disposed above said 
motor-driven frame and substantially coexten 
sive in area, therewith, screws disposed adjacent 
the front corners of said frames and adapted to 
be rotated to raise or lower the front portion 
of Said Second frame with respect to the first 
frame, ScreWS disposed adjacent the rear cor 
ners of said frames and adapted to be rotated to 
to raise or lower the rear portion of said second 
frame With respect to the first frame, and sepa 
rate motor-driven means for rotating the front. 
and rear ScreWS independently of each other. 

2. In a tunneling machine, a motor-driven i; 
frame, a Second frame disposed above said 
motor-driven frame and Substantially coexten 
sive in area, therewith, screws disposed adjacent 
the front corners of said frames and adapted 
to be rotated to raise or lower the front portion a 
of said second frame with respect to the first 
frame, SCreWS disposed adjacent the rear corners 
of Said frames and adapted to be rotated to raise 
or lower the rear portion of said second frame 
With respect to the first frame, separate motor- 5 

5 
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4 
driven means for rotating the front and rear 
SCreWS independently of each other, and means 
for preventing horizontal displacement of the 
Second frame relatively to the first frame during 
rotation of Said screws. 

3. In a tunneling machine, a main frame, a. 
single endless track for moving Said frane, Said 
track being disposed beneath Said frame and 
centrally with respect to the sides thereof, power 
meanS for driving Said endleSS track, a Second 
frame disposed above Said main frame and Sub 
stantially coextensive in length and width with 
Said main frame, ScreWS disposed adjacent the 
front corners of said frames and adapted to be 
rotated to raise or lower the front portion of 
Said second frame with respect to the main 
frame, Screws disposed adjacent the rear cor 
ners of Said frames and adapted to be rotated 
to raise or lower the rear portion of said second 
frame With respect to the first frame, and sepa 
rate motor-driven means for rotating the front 
and rear screws independently of each other. 

4. In a tunneling machine, a slidably mounted 
carriage, a shaft revolubly mounted thereon, and 
means for rotating Said Shaft, said means in 
cluding elements rigidly secured to said shaft 
at longitudinally spaced points and members in 
driving engagement with said elements. 

5. In a tunneling machine, a slidably mounted 
carriage, a shaft revolubly mounted thereon and 
means for rotating said shaft, said means in 
cluding Worm wheels secured to said shaft at 
longitudinally Spaced points therealong and 
WOrms in driving engagement with said worm 
Wheels. 

6. In a tunneling machine, a main traction 
frame, a Second frame mounted on said main 
frame, means for adjusting said second frame 
relatively to said main frame, a carriage slidably 
imounted on Said Second frame, means for re 
Ciprocating Said carriage, a shaft revolubly 
mounted on Said carriage, a cutter head mounted 
On Said shaft and means for rotating said shaft, 
Said last-named means including elements in 
driving engagement. With said shaft at a plu 
rality of longitudinally Spaced points therealong. 

7. In a tunneling machine, a main frame, a 
Single endleSS track for moving said frame, said 
track being disposed centrally of said frame, 
Stabilizing Wheels mounted on Said frame and 
disposed in vertical planes at opposite sides of 
Said track and underneath said frame and screw 
means for adjusting said wheels vertically with 
Out displacing the Wheels from said planes. 

8. In a tunneling machine, a traction frame, 
a single endless track for moving said frame, 
Said track being disposed centrally of said frame, 
tWO pairs of stabilizing wheels mounted on said 
frame, each pair being disposed in a vertical 
plane laterally of Said track and underneath said 
frame, individual screw means for adjusting each 
Wheel Vertically Without displacing the Wheel 
from its vertical plane, and separate power 
means for independently actuating the screw 
means of each pair of wheels. 

9. In a tunneling machine, a frame, means for 
moving Said frame along a tunnel, a carriage 
slidably but non-rotatably mounted on said 
frame, a revoluble Shaft mounted on Said car 
riage, a cutter head mounted. On Said Shaft, 
cutter-carrying arms removably mounted on 
said cutter head, buckets Secured to the ends of 
Said arms and an endleSS conveyor Supported by 
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said carriage and movable bodily therewith as 
the latter slides With respect to Said frame and 
arranged to convey material deposited thereon 
by said buckets to the rear of Said machine. 

10. In a tunneling machine, a frame, a car 
riage slidably mounted thereon, a shaft mounted 
on said carriage, a cutter head mounted on said 
Shaft, Cutter-carrying arms renovably mounted 
On Said cutter head, buckets secured to the ends 
Of Said arms and an endless conveyor Supported 
by Said carriage, said conveyor being disposed 
above Said carriage and extending from a point 
adjacent Said buckets to a point at the rear of 
Said machine. 

11. In a tunneling machine, a shaft, a cutter 
head mounted thereon and provided with a 
plurality of radially extending members having 
recesses in the front faces thereof, cutter-car 
lying arms disposed in said recesses and abutting 
the side Walls thereof, and buckets removably se 
cured to the rear faces of said arms adjacent the 
ends thereof, said buckets being in abutment with 
the Outer ends of said radially extending mem 
bers. 

12. In a tunneling machine, a shaft, a cutter 
head mounted thereoin and provided with a 
plurality of radially extending members having 
recesses in the front faces thereof, said recesses 
extending in Wardly from the ends of Said mem 
8TS to points Spaced radially from the axis of said 

head, said inner ends of the recesses forming 
shoulders, and cutter-carrying arms disposed in 
Said recesses and abutting the side walls there 
of, Said arms having shoulders in abutment with 
Said first-named shoulders. 

13. In a tunneling machine, a cutter assembly 
Comprising a rotatable cutter head, and a plurali 
ty of cutter-Supporting arms mounted thereon, 
each of Said arms overlapping the inner end of 
One of the adjacent arms and extending substan 
tially to but not beyond the axis of rotation of 
Said cutter head. 

14. In a tunneling machine, a cutter assembly 
Comprising a revoluble head and a plurality of 
Cutter-Supporting arms mounted thereon, each 
of Said arms extending inwardly substantially to 
but not beyond the axis of said head. 

15. In a tunneling machine, a cutter assembly 
Conprising a revoluble head, a plurality of cut 
ter-Supporting arms mounted thereon, each of : 
Said arms overlapping the inner end of one of 
the adjacent arms and extending inWardly sub 
Stantially to but not beyond the axis of said head, 
and a plurality of cutters removably secured to 
each of Said arms, the cutters on each successive 
arm being arranged slightly farther from said 
axis than the corresponding cutters on the pre 
Ceding arm. 

i8. In a tunneling machine, a cutter aSSembly 
Comprising a revoluble head, a plurality of cut 
ter-Supporting arms mounted thereon, each of 
Said arms Overlapping the inner end of one of 
the adjacent arms and extending inwardly sub 
stantially to but not beyond the axis of said 
head, and a plurality of equally spaced cutters 
removably Secured to each of said arms, the cut 
ters on each arm overlapping in their cutting 
action the cutting action of the cutters on the 
preceding arm. 

LOUIS GALUPEPO. 
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