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[57] ABSTRACT
A spoil ejector for a horizontal earth augering ma-

chine such as a trench drill. The machine drives a heli-
cally vaned auger and cutting head operably con-
nected to a traveling carriage that moves along a sup-
porting frame to advance the cutting head into the
earth. A length of pipe to be located in the hole is sup-
ported by the machine surrounding the auger and is
fed with the auger into the hole by the carriage as the
hole is deepened. The spoil dislodged by the cutting
head is conveyed rearwardly by the helical vanes of
the auger to the rearward end of the pipe. From the
end of the pipe the spoil is deposited in a cylindrical -
housing from which it is ejected in a radial direction
through a discharge chute to one side of the machine.
The spoil is driven in a circumferential path through
the chute by a plurality of radial paddles operatively
connected by resilient means to the rotary drive for
the auger cutting head for rotation in a circumferen-
tial path through the cylindrical housing. As the pad-
dles approach the discharge chute they are flexed
rearwardly relative to the direction of travel and then
unflexed abruptly as they cross the discharge chute to
fling the spoil radially outward to the side of the ma-
chine.

10 Claims, 4 Drawing Figures
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SPOIL EJECTOR FOR HORIZONTAL EARTH
AUGERING MACHINE ‘

BACKGROUND OF THE INVENTION

This invention relates to earth augering machines for
drilling horizontal underground holes such as in the in-
stallation of underground pipes or conduit and the like.
The invention has particular utility as employed in as-
sociation with auger machines called trench drills that
are positioned in an excavation or trench for drilling
horizontal holes under streets, roadways, railroads and
the like while simultaneously feeding a pipe or other
conduit into the hole being drilled.

The augering or drilling of horizontal holes under
streets, highways, railroads and the like for pipe or con-
duit is conventionally usually accomplished by first dig-
ging trenches or excavations of the required size and
depth at opposite ends of the length span of the pipe or
conduit to be placed. An augering machine or trench
drill of well known design such as the type described in
U.S. Pat. Nos. 3,366,186 and/or 3,605,910 is then posi-
tioned in one of the trenches or excavations for drilling
laterally into the end wall of the trench and through to
the other excavation.

The augering machine or trench drill generally com-
prises an elongated frame with suitable ways and a car-
riage supporting a helically vaned auger and cutting
head, adapted for guided travel along the ways toward
and away from the hole to be drilled. A prime mover
is usually supported on the carriage for turning the
auger and a feed drive (hydraulic cylinder, rack and
pinion mechanism, cable mechanism, or the like) is
provided for moving the carriage forward along the
ways to advance the auger and bit into the earth, The
pipe to be placed is initially positioned:around the
auger vanes with its forward end somewhat to the rear
of the cutting head and with its rearward end bearing
against a pusher member on the carriage.

As the auger and pipe advance into the earth, spoil
dislodged by the cutting head is conveyed rearwardly
through the pipe by the auger vanes and deposited in
the excavation just ahead of the carriage. As the car-
riage advances, it must pass through or over the pile of
accummulated spoil and thus the spoil must periodi-
cally be shoveled away or otherwise removed. If the re-
moval of spoil is not properly attended to it could inter-
fere with the travel of the carriage and also interfere
with the operation of equipment located on the car-
riage. In most operations sufficient spoil is removed
that a large part of it must be taken out of the excava-
tion during the drilling operation.

Various types of mechanisms for diverting the spoil
to another part of the excavation such as along the side
of the machine have. been considered but those previ-
ously considered are either too cumbersome and costly
or are inadequate to handle the type of spoil involved.

A critical problem encountered in handling spoil is
the nature of the geological material that might be ex-
pected in various locations. It is possible that the spoil
will include rocks etc. that would jam a mechanical de-
vice and place excessive loads on the drive mechanism.
Moreover, for efficient operation the spoil must be dis-
lodged so it does not interfere with the drilling appara-
tus or operation, particularly when large diameter drills
are used which develop substantial amounts of spoil.
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The spoil ejector mechanism of the present inven-
tion, however, resolves the difficulties indicated above
and affords other features and advantages heretofore
not obtainable.

SUMMARY OF THE INVENTION

It is among the objects of the invention to convey
spoil produced by a horizontal earth augering machine
or trench drill from the rearward end of the auger that
conveys the spoil out of the horizontal hole being
drilled to a location clear of the machine rotates and
advances the auger and cutting head. »

Another object is to provide a mechanism for eject-
ing spoil conveyed by the auger vanes of an earth auger
machine to a position laterally of the auger axis, which
mechanism occupies a minimum of space and does not
require a separate drive mechanism.

Still another object is to improve the speed and effi-
ciency of horizontal earth augering machines by keep-
ing the space ahead of the advancing drive carriage for
the machine free of spoil being removed from the hori-
zontal hole being drilled by the auger cutting head.

These and other objects and advantages are achieved
by the unique spoil ejector construction of the inven-
tion, which is adapted for use in association with the
same rotary drive used to turn the cutting head and
auger sections for conveying spoil rearwardly out of the
horizontal hole being drilled. As conventional elements
the augering machine or trench drill comprises an
auger with a cutting head on the forward end and heli-
cal auger vanes formed thereon for conveying spoil
rearwardly from the horizontal hole. A cylindrical pipe
or conduit is positioned around the auger vanes with
one end against a pusher member on the carriage and
progressively fed into the hole as the auger and bit are
advanced by the carriage.

According to the improvement of the invention a
generally cylindrical spoil ejector housing coaxial with
the auger is located at the rearward end of the pipe or
conduit for receiving spoil therefrom. The housing has
a lateral discharge chute formed therein at one side and
adapted to direct spoil in a radial direction to the side
of the machine clear of the carriage. A plurality of spoil
ejector paddles are operatively connected to the rotary
drive for the auger by resilient connecting means and
are adapted to be revolved through a circular path de-

fined by the generally cylindrical interior wall and end

walls of the spoil ejector housing. The resilient means
connecting the paddles to the rotary drive are capable
of limited flexing movement and the paddles are flexed
in a rearward direction relative to their direction of ro-
tation by suitable means as they approach the discharge
chute. The paddles unflex abruptly as they near the dis-
charge chute to fling spoil being pushed thereby in a ra-
dially outward direction through the chute to the side
of the machine. ‘

According to the preferred embodiment the resilient
means connecting the paddles to the rotary drive com-
prises two or more relatively short lengths of stiff steel
cable extending radially from the rotary drive axis to
each of the paddles. This construction permits the pad-
dles to flex to avoid jamming that could be caused by
rocks or other obstructive material in the housing, and
thus prevents excessive loads on the prime mover, and
also provides beneficial flinging action of the dislodged

spoil.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation with parts broken away, il-
lustrating a horizontal earth augering machine embody-
ing the invention;

FIG. 2 is a plan view of the horizontal earth augering
machine of FIG. 1; - ‘

FIG. 3 is a fragmentary sectional view on an enlarged
scale taken on the line 3—3 of FIG. 4; and

FIG. 4 is a transverse ‘sectional view drawn to the

same scale as FIG. 3 and taken on the line 4—4 of FIG.
2. .

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring more particularly to the drawings and ini-
tially to FIGS. 1 and 2 there is shown a horizontal earth
augering  machine embodying the invention and
adapted to be positioned in an excavation or trench at
one end of a hole to be drilled. The machine includes
an auger broadly indicated by the numeral 10, with a
cutting head 11 mounted on the forward end. A pipe
12 to be advanced into the hole simultaneously with the
cutting head 11 is coaxially positioned around the
auger 10 and has an outer diameter approximately the
same as the diameter of the hole to be drilled. The ma-
chine ‘illustrated and described herein is adapted. to
" place a pipe of a diameter up to 48 inches in holes up
to 200 ft. in length.

The auger 10 and pipe 12 are advanced or fed by a
carriage 13 adapted for travel along a main frame 14.
The carriage 13 has a spoil ejector assembly 15 em-
bodying the invention for throwing spoil conveyed
from the hole by the auger 10 through the pipe 12, to
a position at the side of the machine. The carriage 15
also has a pusher ring 16 at its forward end that engages
an end of the pipe 12 for advancing it into the hole.

While the invention resides in the construction and
operation of the spoil ejector assembly 15 the general
construction of the horizontal earth augering machine
will be described briefly for the purpose of illustrating
the invention as used in association with a machine of
typical construction. :

The main frame 14 of the machine includes a pair of
spaced longitudinally extending parallel beams 21 and
22 joined by cross members 23. Four vertical hydraulic
jacks 24 of known construction, which may be similar
to those disclosed in U.S. Pat. No. 3,605,910, are lo-
cated at the corners of the main frame 14 for leveling
it in the trench. Additional frame sections may be at-
tached to the forward end of the main frame 14 to
lengthen it as required.

The carriage 13 is positioned on the main frame 14

for guided movement longitudinally on the parallel

beams 21 and 22 between a fully retracted position
shown in FIGS. 1 and 2 to a forward limit position
wherein the cutting head 11 has been advanced ap-
* proximately to the full length of the auger 10. Thus the
carriage 13 can be moved forward on the main frame
14 for feeding the auger 10 and pipe 12 into the hole
and can then be retracted to permit the insertion of ad-
ditional auger sections and pipe sections depending on
the total length of the hole to be drilled. A typical
length of carriage travel is about 8 ft. and a typical
overall length for the machine is about 17 ft.
The carriage 13 comprises a rigid frame 26 formed
of longitudinally extending members 27 and 28 and
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cross members 29. A pair of wheels 31 and 32 located
at each end of the carriage 13 ride on the parallel

‘beams 21 and 22, the wheels on the beam 21 having

circumferential grooves that engage a guide rail 33 on
the beam 21. »

A prime mover 35 such as a diesel engine is mounted
on the carriage 13 to provide the drive for both turning
the auger 10 and cutting 11 and advancing the carriage.
The output shaft of the prime mover 35 drives through
a conventional mechanical clutch 36 a conventional
mutli-speed transmission 37 and a reduction gear unit
38 with an output shaft 39 (FIG. 3) that is coupled to
a shank 40 of square cross section forming parts of the
auger. While for convenience the illustrated auger 10
constitutes a single section having the shank 49 at one -
end and cutting head 11 at the other end, the auger
usually includes several helically vaned auger sections
connected end to end in known manner in a string of
sections as the depth of the drilled hole increases; in
such case, the shank 40 is on the auger section nearest

‘the machine and the cutting head is on the auger sec-

tion furtherest from the machine. The coupling be-
tween the shaft 39 and the shank 40 is located within
the spoil ejector assembly 15 and serves to drive work-
ing parts of the assembly 15.

The carriage 13 'is advanced and retracted by a
known hydraulic crowd cylinder 42 (FIG. 1 ) connected
at one end to the main frame 14 and having its piston
rod (not shown) connected to the rigid frame 26 at the
forward end of the crowd cylinder of the carriage 13,
being powered by known hydraulic means such as that
disclosed in U.S. Pat. No. 3,605,910.

The coupling between the output shaft 39 of the re-
duction gear unit 38 is coupled to the shank 40 by an
assembly including a hub 46 secured to the end of the
shaft 39 and having a radial flange 47. A drive chuck
48 with a square socket to receive the end of the shank
40 has a cooperating radial flange 49 that seats against:
the flange 47. A retainer plate 50 that telescopes over
the drive chuck 48 is positioned adjacent the flange 49
and the flanges 47, and 49 and retainer plate 50 are all
bolted together with machine bolts 51, The hub 46 and
drive chuck 48 are located within the spoil ejector as-
sembly 15 as indicated in FIGS. 3 and 4 and are used
to drive the spoil ejector assembly as will be described
in more detail below. The spoil ejector assembly com-
prises a generally cylindrical housing 60 located coaxi-
ally around the hub 46 and drive chuck 48 and having
a diameter greater than the diameter of the pipe 12.
The housing 60 defines about 240° of a cylindrical sur-
face and the remaining 120° span faces upward as most
clearly indicated in FIG. 4. The housing 60 is supported
by braces 61 in the form of U-shaped lengths of chan-
nel stock that extend between the pusher plate 16 and
a portion of the rigid frame 26 of the carriage 13.

At the right hand side of the housing 60 as viewed in
FIG. 4 is a discharge chute 62 of rectangular cross sec-
tional form adapted to guide spoil from the interior of
the housing 60 to the side of the machine adjacent the
parallel beam 21. The forward end of the chamber
within the housing 60 is defined by the pusher member
16 and such as the rearward end by a rear plate 63. The
top of the housing is closed by a cover 64 clamped in
position by clamps 65. The cylindrical spoil ejector
chamber 66 within the housing 60 receives spoil from
the pipe 12 as the spoil is conveyed rearwardly by the
helical flights of the auger 10.
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The operating mechanism of the spoil ejector assem-
bly 1§ is operatively connected to the hub 46 and re-
tainer plate 50 by a pair of matching semi-cylindrical
clamping bands 67 and 68 that fit around the flange 47
of the hub 46. The bands 67 and 68 are clamped in
place by means of brackets 69-and 70 respectively at
each end thereof which are bolted to one another.
Three paddle brackets 71 are welded to the clamp sec-
tions 67 and 68 as best illustrated in FIG. 4. The paddle
brackets 71 each have a cooperating clamping bar 72
for clamping five short lengths 73 of stranded steel
cable therebetween using machine bolts. The cable
lengths 73 are all of essentially equal length and all are
sufficiently resilient to permit limited flexing. The op-
posite ends of the cable lengths 73 are clamped be-
tween paddles 74 and clamping bars 75 using a plural-
ity of machine bolts. The paddles 74 accordingly are
carried by the hub 46 through a circular path of travel
closely spaced from the interior wall of the cylindrical
housing 60 and serve to push spoil deposited in the
spoil ejector chamber 66 in a counterclockwise direc-
tion as viewed in FIG. 4 to a position where the spoil
may exit through the discharge chute 62.

Welded to the interior surface of the cylindrical
housing 60 just adjacent the discharge chute 62 is a
flexing member 76 in the form of an angle bar posi-
tioned in the path of the paddles 74. The flexing mem-
ber 76 is engaged by each paddlé 74 and it interrupts
the revolving movement of the respective paddle 74 to
cause its respective cable lengths 73 to flex. The flexing
continues until the respective paddle 74 and its respec-
tive cable lengths are flexed rearwardly relative the di-
rection of rotation a sufficient amount to permit the
paddle to clear the flexing member 76. At this point the

cable lengths unflex abruptly and the paddle corre--

spondingly springs forward sharply to fling spoil ahead
of it through the discharge chute 62. The abrupt move-
ment of the paddle 74 causes the spoil to be propelled
forcibly through the discharge chute 62 and assures
that effective ejection of spoil is achieved.-

The cable lengths 73 serve an additional function in
that they permit resilient movement of the paddles to
accommodate (e.g., bypass) rocks and other obstruc-
tions in the chamber 66 that would otherwise jam the
paddles and place an undesirable load on the gear re-
duction unit 38 and prime mover 38.

It will be apparent that while cable lengths 73 are uti-
lized in the embodiment illustrated and described
herein, other resilient flexing members such as spring
steel strips can be used to achieve the desired results.
The resilient connection between the paddles 74 and
the rotary drive should be such that the flexing is suffi-
cient and the flexing members stiff enough to achieve
the desired propelling of spoil through the chute 62 and
also to accommodate obstructions that could jam the
paddles and put excessive loads on the reduction gear
unit 38 and prime mover 35.

While the invention has been shown and described
with respect to preferred embodiments thereof, this is
for the purpose of illustration rather than limitation and
other variations and modifications of the embodiments
herein shown and described will be apparent to those
skilled in the art. Accordingly, the patent is not to be
limited to the specific embodiments of the invention
herein shown and described nor in any other way that
is inconsistent with the extent to which the progress in
the art has been advanced by the invention.
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I claim:

1. In an augermg machine for drilling horlzontal
holes in .the earth and for simultaneously placing
lengths of pipe therein, said machine including an
auger and cutting head, rotary drive means for said
auger and cutting head and a traveling carriage for ad-
vancing said auger and cutting head and a length of
pipe positioned coaxially around said auger, simulta-
neously into the hole whereby spoil dislodged by said
cutting head is conveyed rearwardly through said pipe
by said auger, the improvement which comprises:

means defining a spoil ejector chamber adapted to
receive spoil for said pipe,

a plurality of rotary paddles located in said chamber
and adapted to engage and propel spoil deposited
in said chamber,

resilient means connecting said paddles to said rotary
drive means for rotation with said auger, and

stationary unflexing means located in said chamber
for abruptly releasing paddles, the flexing means of
which are flexed, as the paddles reach a predeter-
mined angular position in said chamber,

whereby when each paddle passes said unflexing
means its respective resilient means unflexes
abruptedly and said paddle springs forward to fling
spoil in a direction laterally of said carriage.

2. The apparatus of claim 1 in which said unflexing
means comprises a projection in said chamber that en-
gages each of said paddles and flexes its flexing means
and then abruptly releases said paddle to so fling said
spoil material.

3. A machine as defined in claim 1 wherein said resil-
ient connecting means comprises, for each of said pad-
dles, a plurality of lengths of stranded steel cable con-
nected at one end to said rotary drive means and at
their other end to the respective paddle.

4. A machine as defined in claim 3 wherein said
]engths of steel cable for each of said paddles are lo-
cated in a common radial plane relatlve to the axis of
rotation of said paddles.

5. A machine as defined in claim 2 wherein said sta-
tionary means comprises a bar element extending par-
allel to the axis of rotation of said paddles and spaced
laterally therefrom, said bar element being adapted to
engage the.outer edge portion of each of said paddles
whereby said resilient means must flex to permit said
paddles to bend inwardly and rearwardly relative to the
direction of rotation in order to pass said bar element.

6. A machine as defined in claim 1 wherein said spoil
ejector chamber has a generally cylindrical form.

7. A machine as defined in claim 1 wherein said cy-
lindrical spoil ejector chamber is coaxial with said pipe
and has a diameter greater than the outer diameter of
said pipe.

8. A machine as defined in claim 1 including a lateral
discharge chute communicating with said spoil ejector
chamber and adapted to receive and convey to a posi-
tion laterally of said carriage, spoil being flung by said
paddles as they spring forward following engagement
with said stationary means.

9. In combination,

an augering machine for drilling horizontal holes in

the earth and for simultaneously placing lengths of
pipe therein, said machine comprising:
an auger and cutting head,
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rotary drive means for said auger and cutting head,
and '

a traveling carriage for advancing said auger and cut-
ting head and a length of pipe positioned coaxially
around said auger, simultaneously into the hole
whereby spoil dislodged by said cutting head is
conveyed rearwardly through said pipe by said au-
ger, and a spoil ejector assembly located on said
carriage, said assembly comprising:

means defining a spoil ejector chamber adapted to
receive spoil from said pipe,

a plurality of rotary paddles located in said chamber
and adapted to engage and propel spoil deposited
in said chamber, :

resilient means connecting said paddles to said rotary
drive means for rotation with said auger, and

stationary unflexing means located in said chamber
for abruptly releasing paddles, the flexing means of
which are flexed, as the paddles reach a predeter-
mined angular position in said chamber

whereby when each paddle passes said stationary
means its respective resilient means unflexes
abruptedly and said paddle springs forward to fling
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spoil in a direction laterally of said carriage.

10. A spoil ejector assembly for propelling spoil de-
posited therein by a power earth auger, to a position,
laterally of the auger axis, comprising:

means defining a spoil ejector chamber adapted to

receive spoil from a hole being drilled by said au-
ger,

at least one rotary paddle located in said chamber

and adapted to engage and propel spoil deposited
in said chamber,

rotary drive means for said paddle,

resilient means connecting said paddle to said rotary

drive means, and

stationary unflexing means located in said chamber

for abruptly releasing paddles, the flexing means of
which are flexed, as the paddles reach a predeter-
mined angular position in said chamber

whereby when said paddle passes said stationary

means its resilient means unflexes abruptedly and
said paddle springs forward to fling spoil in a direc-

tion laterally of said auger axis.
* ok * * *



