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ABSTRACT OF THE DISCLOSURE 
A ground burrowing device having all movable driving 

elements enclosed within an elongated outer casing with 
a removable expander member releasably positioned on 
the outer casing in encircling relationship therewith for 
movement off the forward end of the casing, the ex 
pander member having an inner dimension at least equal 
to the outer dimension of the casing and an outer dimen 
sion greater than the maximum outer dimension of the 
casing. 

The present invention relates to a power driven, pro 
jectile shaped ground burrowing device for burrowing a 
hole through the ground in which the driving mechanism 
is contained, wholly within the device and actuated by 
compressed air fed from a source outside the burrowed 
hole. More particularly, the present invention relates to 
a burrowing device constructed to produce a hole of a 
cross-sectional dimension greater than that of the projec 
tile portion of the device so as to facilitate retraction of 
the device rearwardly through the burrowed hole after 
the burrowing operation has been completed. 
The ground burrowing devices to which the present in 

vention is directed are disclosed in US. Patent No. 
3,137,483 granted June 16, 1964. Generally, these devices 
include an outer casing in which all the movable driving 
elements are enclosed. The casing itself is shaped some 
what like a projectile and is provided in the interior thereof 
with an air chamber. A drive piston is slidably mounted 
within this chamber and is adapted to be driven from one 
end of the chamber to the other by means of compressed 
air fed to the device through its rear end. An anvil wall 
is provided internally of the casing against which the 
piston is adapted to strike. The force of the piston strik 
ing this wall forces the burrowing device as a unit in the 
same direction as the movement of the piston as the latter 
makes contact with the wall. 

These burrowing devices may be of two types. One type 
is provided with only one anvil wall in the chamber. This 
wall faces rearwardly of the device and when the device 
is operated, the piston, by striking the anvil wall, forces 
the burrowing device forwardly through the ground to 
burrow a hole. In some situations, as for example where 
it is desired to burrow a hole under a roadway, a vertical 
hole may be dug into the ground on either side of the 
road. Where this is done, the ground burrowing device 
may be lowered into the vertical hole on one side of the 
roadway and aimed toward the vertical hole on the other 
side. Assuming that the burrowing device has been prop 
erly aimed, it may be removed from the second vertical 
hole after transversing under the roadway. 

In some situations, however, it is more advantageous 
to remove the ground burrowing device from the bur 
rowed hole by retracting it through the hole. With the 
type of device that is power actuated in only the forward 
direction, this may be effected by attaching a cable to 
the rear end of the device. This cable will be played out 
as the device burrows its hole and when the burrowing 
operation has been completed, the device may be re 
tracted through the formed hole by pulling on the cable. 
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In the second type of burrowing device mentioned 
above, an anvil wall is provided at either end of the in 
ternal chamber and a suitable control is included for 
repeatedly driving the piston against either one or the 
other of these walls. With this construction, the device 
may be retracted through the burrowed hole under its 
own power. 
With each of these two constructions, the burrowed 

hole that is formed by the device, is, of course, of the 
same cross-sectional size as that of the device itself. Ac 
cordingly, when it is desired to retract the device through 
the burrowed hole after the burrowing operation has 
been completed, the wall surface of the burrowed hole 
tends to restrict the movement of the device, and if the 
edge of a rock, disposed along the wall of the burrowed 
hole is engaged by the burrowing device as it is being re 
tracted, it will tend to interfere with further rearward 
movement of the device along the path de?ned by the 
hole and perhaps even tend to turn the device within the 
burrowed hole into a skewed position. It is apparent that 
such .a result might jam the burrowing device within the 
burrowed hole whereby further pulling on the cable if 
the device is one which is power actuated in only the 
forward direction could cause the cable to break away 
from the device with the result of losing the burrowing 
device. Also, if the device is one that is power actuated in 
both directions, driving it rearwardly from its skewed 
position might cause it to start off on a new path. 

According to the teachings of the present invention, 
the possibility of these undesirable results occurring is 
effectively eliminated. Speci?cally, the improved ground 
burrowing device of the present invention includes a pro 
jectile shaped burrowing device with an expander sleeve 
member releasably positioned over the outer casing of 
the device. The outer dimension of the expander mem 
ber is made greater than that of the device itself so that 
the size of this expander member will control the size of 
the hole burrowed and thereby produce a hole that is of 
a size larger than that of the burrowing device. In order 
to take advantage of this increased size, the expander 
member is releasably positioned on the outer casing of 
the burrowing device in such a way whereby it will be 
locked thereon as the device is driven forwardly but will 
be automatically removed from the device as it is being 
retracted through the burrowed hole if any great resist 
ance to such retraction is encountered. Of course, if little 
or no resistance is encountered during this retracting 
movement of the burrowing device, the expander member 
may remain in position on the outer casing without hin 
dering such retraction; and in such a case, the expander 
member may be reused. In the situation where resistance 
is encountered, however, removal of the expander mem 
ber will decrease the outer dimension of the burrowing 
device and thus facilitate its rearward movement since it 
is now of a dimension less than that of the burrowed hole. 
A more complete understanding of the present inven 

tion will be obtained from the reading of the following 
detailed description with reference being made to the 
accompanying drawings of which: 
FIG. 1 is a partial sectional view of the rear portion of 

the device of the present invention showing the expander 
member in operating position; 

FIG. 2 is a partial sectional view of the front portion 
of the device shown in FIG. 1; and 
FIG. 3 is a cross-sectional view of the expander mem 

ber; , 

FIG. 4 is a partial cross-sectional view of a modi?ed 
embodiment of the expander member positioned on the 
burrowing device; 

FIG. 5 is a partial cross-sectional view of still another 
modi?ed embodiment of the expander member positioned 
on the burrowing device; 
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FIG. 6 is a front end view of a modi?ed embodiment 
of the piston element of the burrowing device; 

FIG. 7 is a front end view of another modi?ed embodi 
ment of the piston; 
FIG. 8 is an enlarged partial cross-sectional view of the 

forward end of the sleeve member of the burrowing de 
vice; and 

FIG. 9 is an enlarged partial cross-sectional view of 
the rear end of the piston element of the burrowing de 
vice. 

As shown in FIGS. 1 and 2, the ground burrowing de 
vice comprises an outer shell or casing 1 of general circular 
cross-section. In the preferred construction, the casing in 
cludes a tapered front end section 2, an intermediate body 
section 3 having a substantially uniform outer dimension 
throughout its length, and an outwardly extending rear 
ward end section 4. If desired, however, the front end 
section, intermediate body section and end section can 
all be continuously tapered to give the device a projectile 
shape. In addition, the rearward end section may either 
be ?ared outwardly as shown in FIGS. 1 and 4 or con 
structed as shown in FIG. 5. 
The front end section of the casing is provided with 

an opening 5 through which a boring or cutting imple 
ment 6 extends. This implement is provided at its forward 
end with a cutting surface 7 extending substantially trans 
versely of the longitudinal axis of the burrowing device. 
A ?at surface when provided with cutting edges will 

readily keep the burrowing device on a straight path as 
it burrows its hole even where the ground conditions are 
such that obstructions are encountered in the path of 
movement of the burrowing device. With a pointed end, 
the burrowing device, if it were to strike a large rock along 
the edge thereof, might tend to veer off the path while the 
?at surface 7 shown in FIG. 1 will more readily cut its 
way through the rock and maintain its movement along 
the desired straight path. The rearward end of the cutting 
implement 6 is provided with an enlarged head 8 de?ning 
an anvil wall 9. The implement '6 is held within the front 
end section 2 of the casing by engagement of the head 
with the restricted wall section 10. 
The inner wall of the casing 1 de?nes a chamber 11 

within which there is positioned a piston 12 adapted to 
‘move back and forth therein under the in?uence of com 
pressed air as more fully described below. 
The forward face 13 of the piston which is adapted to 

strike against the anvil wall 9 is cut to form a shallow 
groove 14 of arbitrary shape as shown in FIGS. 6 and 7. 
This groove may be of constant or variable depth and 
provides an indicator by which the length of time the 
burrowing device has been in service can be ascertained. 
This makes it possible, for example, to determine whether 
the device has been in use over and above any time limi 
tations that might be covered by a guarantee or warrantee. 
During operation of the device, the piston upon strik 
ing the anvil will produce a wearing and plastic deforma 
tion of the piston’s forward face which will in turn de 
crease the depth of the groove 14 or cause partial dis 
appearance of the groove if it is variable in depth. By 
appropriate pretesting, it is possible to establish a relation 
ship between the changes in the depth of the groove 14 
and the length of time the device has been used. 
Although the groove 14 is shown as being provided on 

the piston, it may alternatively be provided on the anvil 
wall 9, if desired. In addition to the piston, a cylindrical 
sleeve 15 is positioned within the chamber 11 de?ned 
by the inner wall of the casing 1. The forward end of this 
sleeve de?nes a bushing 16 through which the piston moves 
in sliding, air-tight engagement. The bushing is provided 
with a radially extending section 17 and is externally 
threaded at either end as shown at 18 and 19. Comple 
mentary threads are provided on the casing sections 2 and 
3 whereby these casing sections may be threaded onto the 
bushing to lock the bushing and inner sleeve in axial align 
ment within the casing. 
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Grooves 20 are provided on the inner surface of the 

bushing and extend about the periphery thereof to facili 
tate lubrication between the piston and the bushing. In 
addition, the bushing, as shown in FIG. 8, is provided with 
transitional surfaces 21 axially outwardly of the grooves 
20. These transitional surfaces taper from the interme 
diate portion of the bushing 16 in a direction away from 
the internally sliding piston 12 and create a hydrodynamic 
condition for lubrication which improves the lubricating 
of these parts and thereby reduces wear of the mating sur 
faces. These tapered surfaces also improve the resistance 
to seizure between the piston and bushing during recipro 
cation of the piston. 

In a like manner and for the same purposes, the rear 
ward end 22 of the piston 12, shown in FIG. 9, is pro 
vided with similar grooves 23 and tapered surfaces 24 for 
cooperating with the opposed sleeve 15 and the duct mem 
ber 25 during reciprocation of the piston relative to the 
sleeve and duct as more fully described below. 
The forward end of the cylindrical sleeve 15 by way 

of the bushing 16 forms an air-tight sealing ?t with the 
piston 12; and in conjunction with the rear end 22 of the 
piston functions to divide the chamber 11 into two sub 
chambers, namely a forward chamber 26 and a rearward 
chamber 27. Extending coaxially through the rearward 
chamber 27, there is provided a cylindrical duct 25, the 
forward end of which extends into a duct 28 extending 
coaxially through the piston 12. Duct 28, in turn, com 
municates with the forward chamber 26 through ports 29 
provided at the forward end of the piston as well as 
through the extreme front end of the piston. The purpose 
of this construction is to maintain open communication 
between the forward chamber 26 and the duct 25 even 
when the piston is in contact with the anvil wall 9. 
A source of compressed air, not shown, is connected 

by conventional means such as a ?exible hose 30 to a com 
pressed air inlet 31 provided at the rear of the burrowing 
device. The air inlet 31 leads inwardly to a chamber 32 
which is in open communication with the rearward end 
of the duct 25. This arrangement constantly maintains 
open communication between the source of compressed 
air and the forward chamber 26. 

Positioned between the chambers 27 and 32, there is 
provided a valve represented generally at 33 that is adapted 
to be opened and closed periodically in response to changes 
in air pressure within the chamber 27. The particular type 
of valve shown comprises an annular plate 34 adapted 
to sit upon an annular shoulder 35 which constitutes an 
integral part of the body portion 36 of the valve. Extend 
ing through the body portion of the valve, there are a 
multiplicity of air ducts 37. These air ducts at their for 
ward end open into chamber 27 and at their rearward end 
open into an annular chamber 38 which is connected to 
chamber 32 through a plurality of radial openings 39. 
The annular plate 34 is biased in open position away 

from the shoulder 35 by means of a coil spring 40. The 
tension of this spring alone is insu?icient to maintain the 
valve in open position against the force of compressed air 
in chambers 32 and 38. However, when aided by the 
force of the compressed air in chamber 27, as exerted 
through the air ducts 37 against the valve plate, the plate 
is moved to its open position. 

Adjacent the forward end of the cylindrical sleeve 15, 
there are provided a plurality of exhaust ports 41, uni 
formly spaced about the circumference of the sleeve and 
so positioned longitudinally that they are open when the 
piston 12 is in its extreme forward position so as to permit 
compressed air within the chamber 27 to exhaust into 
an exhaust conduit 42 formed in the chamber 11. This 
exhaust conduit 42 is maintained in open communication 
with the atmosphere through ports 43. 
A screw cap 44 which may comprise a retracting device 

to which a retracting cable may be attached is threaded 
into the rear end of the rearward casing section 4. This 
cap constitutes the rearward end of the device and is 
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provided with an outer surface that is tapered towards 
the rear of the device. As shown, the maximum dimension 
of this cap is less than that of the outwardly ?ared end 
section 4 of the outer casing. 

Starting valve mechanism shown generally at 45 is pro 
vided inside the rearward end of the device for initially 
supplying the compressed air to the chamber 27 to start 
the device; and this initial passage of compressed air to 
this chamber only occurs when the piston is in its rear 
ward position. As evident from FIG. 1, starting valve 45 
is initially held in its forward position closing the open 
ings 39 by means of the coil spring 45'. The pressure of 
compressed air thus drives piston 12 to its rearward 
position. When the piston is moved to its rearward posi 
tion and the pressure of the compressed air increases, the 
valve 45 opens due to the forces exerted against it in 
opposition to the spring 45’. This opens the ducts 39 to 
the chamber 27 and the device thus starts to operate. 
For permitting unobstructed rearward withdrawal of 

the burrowing device after it has burrowed, the desired 
hole in the ground, an expander sleeve 46 is releasably 
positioned over the outer casing in engagement with the 
outwardly extending end section 4. This expander mem 
ber is provided with an inner wall surface 47 which is 
complementary in shape to the surface presented by the 
outwardly extending end section 4 of the outer casing. 
The expander sleeve shown in FIG. 3 is adapted to be 

used with a burrowing device having an outwardly ex 
tending end section 4 as shown in FIG. 1. It is to be un 
derstood that the particular shape of the inner wall surface 
of the expander sleeve will generally conform to the shape 
of the rear end section 4 of the device as is clear from 
FIGS. 4 and 5. 

In each case, the expander member is provided with 
an outer wall surface 48 that is tapered in a direction 
facing the front end of the device. The maximum outer 
cross-sectional dimension of the expander member is 
greater than that of the outer casing whereby the ex 
pander member will effectively function to control the 
cross-sectional dimension of the hole burrowed by the 
burrowing device. 

In operation, assuming that the valve 33 is in open 
position and the piston 12 has moved to the rear of 
chamber 27 thereby closing the exhaust ports 41, the 
force of the compressed air being fed through the air 
inlet 31 is applied against both the forward and rearward 
ends of the piston. As shown in the drawings, however, 
the forward end of the piston is of a smaller effective 
area than the rear end. Accordingly, the piston will be 
driven forward and strike against the anvil wall 9. As the 
piston approaches the anvil wall, exhaust ports 41 are 
opened thus exhausting compressed air from the rearward 
chamber 27. With the pressure released from the chamber 
27, the valve 33 will be closed by the higher pressure in 
chambers 32 and 38. 

Subsequently, as the piston proceeds rearwardly in the 
chamber after effecting a forward driving stroke, ports 
41 will become closed by the body of the piston and the 
resulting reduction in volume of the air in chamber 27 
will cause an increase in pressure in this chamber which 
will result in the re-opening of the valve 33 to thereby 
permit the compressed air supplied through the openings 
39 to enter chamber 27 and thus again drive the piston 
forwardly until it strikes the anvil wall 9. 
Throughout the operation of the burrowing device, 

the forward chamber 26 is maintained in open communi 
cation with the source of compressed air and conse 
quently, the air pressure within the forward chamber is 
maintained substantially constant, advantageously within 
the range from about 31/2 to about 6 atmospheres. 

Obviously, the constant rearwardly-directed forces 
exerted against the piston by the compressed air in the 
forward chamber must be substantially less than the 
forces periodically exerted upon the piston in a forward 
direction by the compressed air in the rear chamber. 
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This differential in these forces is effected by the above 
mentioned difference in the effective cross-sectional area 
of the forward end of the piston relative to the effective 
cross-sectional area of the rear end of the piston. 

After the burrowing device has completed its burrowing 
operation and it is desired to retract the device through 
the burrowed hole, it is merely necessary for the operator 
to pull on a cable which has been previously attached to 
the device at its rear end. If, during this retraction the 
burrowing device encounters any considerable resistance 
along the wall portions of the burrowed hole, the expander 
member will be the ?rst structure to be stopped in its 
rearward movement due to its larger cross-sectional di 
mension. When this occurs, further pulling on the cable 
will cause the radially spaced rear end of the expander 
to dig into the wall surface of the burrowed hole and 
thereby effect a release of the expander member from 
engagement with the outwardly extending rearward end 
section of the casing. After this has occurred, the burrow 
ing device will readily slip backwards through the ex 
pander member leaving the expander member within the 
burrowed hole, and further retraction of the burrowing 
device, now without the expander member, can therefore 
be effected since the outer dimension of the device is now 
smaller than the dimension of the burrowed hole. 

In the situation where it is necessary to rely upon the 
removal of the expander member to effect retraction of 
the burrowing device, such member is, of course, lost in 
the burrowed hole. In order, however, so as not to lose 
the expander member unless an inordinate amount of 
resistance is encountered during attempted retraction of 
the device which would actually prevent such retraction, 
the cooperating surfaces of the expander member and 
outer casing can advantageously be made so that a wedging 
effect is produced as the device is driven forward to tight 
en the expander member onto the outer casing. By con 
trolling the contour or shape of these cooperating surfaces, 
the amount of tightening can be varied. With reference 
to the drawings, it will be apparent that the construction 
shown in FIG. 1 will produce a wedging effect during 
forward movement of the device while the embodiment 
shown in FIG. 5 will not. With the expander member 
tightened onto the outer casing, as caused :by the above 
mentioned wedging action, it will readily remain on the 
burrowing device, and thus be reusable, unless a large op 
posing force is encountered upon retraction of the device. 

Although the above-detailed description of the present 
invention has been given with reference to a. ground 
burrowing device which is driven under power in only 
the forward direction, it is to be understood that the ex 
pander member included with such a device has equal 
application with burrowing devices such as disclosed in 
the above-mentioned US. Patent No. 3,137,483 that are 
operated under power in both directions. 

I claim: 
1. A ground burrowing device having all movable driv 

ing elements enclosed therein, said device comprising in 
combination: , 

(a) an elongated outer casing having: 
(1) a tapered forward end section to facilitate 

driving through the ground, 
(2) an intermediate body section, and‘ 
(3) an outwardly extending rearward end section 

facing said body section and having an outer 
dimension greater than that of said forward end 
and body sections; 

(b) an elongated chamber housed within said outer 
casing and extending along the longitudinal axis of 
said device; 

(c) a piston reciprocably positioned within said cham 
ber for back and forth movement along said axis; 

(d) at least one anvil wall in said chamber extending 
transversely of said axis and against which said pis 
ton may strike to urge said device in the same direc 
tion as that of said piston as it strikes said wall; 
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(e) a compressed air conduit leading from said cham 
ber to the rear end of said device and adapted to be 
connected to an extraneous source of compressed air; 

(f) valve control means for controlling the ?ow of 
compressed air into said chamber to repeatedly drive 
said piston against said anvil wall; and 

(g) an expander member, having inner and outer walls, 
releasably positioned on said outer casing in encir 
cling relationship therewith, and having at least a 
portion thereof in abutting engagement with the out 
wardly extending rearward end section of said outer 
casing, said portion of the expander member being 
de?ned by the inner wall thereof having a shape com 
plementary to the outwardly extending rearward end 
section of said outer casing, said expander member 
further having; 

(1) an inner dimension as de?ned by its inner 
wall at least equal to the outer dimension of 
the forward end and body section of said outer 
casing, and less than the outer dimension of 
the outwardly extending rearward end section 
thereof, and 

(2) an outer dimension as de?ned by its outer wall 
greater than the maximum outer dimension of 
said outer casing. 

2. A ground ‘burrowing device according to claim 1 
wherein: 

(a) the outer wall of said expander member de?nes an 
outwardly ?ared surface facing the body section of 
said outer casing. 

3. A ground burrowing device according to claim 2 
wherein: 

(a) the rearward end of said expander member is 
spaced radially from the outer casing, and 

(b) the inner wall of the rearward end of said expander 
member tapers toward the front end of said burrow 
ing device. 

4. A ground burrowing device according to claim 3 
wherein: 

(a) the rear end of said burrowing device comprises a 
cap member having a front end extending into the 
rearward end section of said outer casing in locked 
relationship therewith and a rearwardly tapered rear 
ward end of an outer maximum dimension less than 
that of the rearward end section of said outer casing. 

5. A ground burrowing device having all movable 
driving elements enclosed therein, said device comprising 
in combination: 

(a) an elongated outer housing having a projectile 
shape and tapered forward end for facilitating driv 
ing through the ground; 
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(b) an elongated chamber housed within said outer 

casing and extending along'the longitudinal axis of 
said device; 

(c) a piston member reciprocally positioned within said 
chamber for axial back and forth movement; 

(d) at least one concentrically disposed supporting 
member for supporting said piston member in axial 
alignment within said chamber; 

(e) an intermediate axially extending surface on one 
of said members in sliding engagement with the other 
member; 

(f) a plurality of circumferentially extending lubricat 
ing grooves on said one member spaced inwardly of 
the ends thereof; 

(g) tapered transition surfaces extending from the 
intermediate portion on said one member toward 
the opposite ends thereof and away from the opposed 
surface of the other of said members, said tapered 
transition surfaces being in continuous radial opposi 
tion to the other of said members as the members 
move axially relative to each other; 

(h) at least one anvil wall in said chamber extending 
transversely of said axis and against which said piston 
may strike to urge said device in the same direction 
as that of said piston as it strikes said wall; 

(i) a compressed air conduit leading from the rear end 
of said device and adapted to be connected to an 
extraneous source of compressed air; 

(j) compressed air passageway connecting said cham 
ber to said conduit; and 

(k) valve control means for controlling the ?ow of 
compressed air into said chamber to repeatedly drive 
said piston against said anvil wall. 

6. A ground burrowing device according to claim 5 
wherein: - 

(a) said intermediate surface and said transition sur 
faces are separated from each other by said grooves. 
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