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This invention relates to an earth boring device of
the rotary type and is particularly concerned with the
formation of tunnels or passageways in a horizontal
direction as for example under roadways so as to avoid
the digging of open ditches thereacross.

In accordance with the purpose for the earth boring
device of the present invention, it is a primary objective
of the present invention, to provide an earth boring device
operative in a novel manner to more rapidly and more
efficiently form passageways through the earth of any
desired cross-sectional shape.

Another object of the present invention, is to provide
an earth boring tool which is inherently less likely to
become damaged because of impact loads or overloads.

A further object of this invention in accordance with
the foregoing obijects, is to provide an earth boring device
which is more efficiently operative because of a direct
connection between its power source and the boring head
and further because of a reduced back-up pressure of the
earth dislodged and displaced by the boring head.

An additional object of this invention in accordance
with the foregoing objects, is to provide a boring device
which is operative to more rapidly remove solid, partic-
ulate material such as the earth excavated in forming
the passageway or tunnels by conditioning the dislodged
and displaced earth for more rapid removal by rendering
said earth more fluent prior to removal thereof through
the earth boring device. In accordance with this latter
attribute of the present invention, more rapid removal is
made possible by the utilization of suction pressure and
further by virtue of the direct connection between the
boring head motor and the boring head thereby operating
at higher speeds.

A still further object of the present invention is to pro-
vide a boring device operative in accordance with the
foregoing principles, and capable by the proper selection
of certain parts thereof, to form passageways of any
desired cross-sectional shape.

These together with other objects and advantages
which will become subsequently apparent reside in the
details of construction and operation as more fully here-
inafter described and claimed, reference being had to the
accompanying drawings forming a part hereof, wherein
like numerals refer to like parts throughout, and in
which:

- FIGURE 1 is a side elevational view of one form of
earth boring device in operative position excavating a
horizontal tunnel.

FIGURE 2 is a top plan view of the earth boring de-
vice illustrated in FIGURE 1.

FIGURE 3 is a rear end view of the earth boring de-
vice-'as viewed from a plane indicated by section line
3-3 of FIGURE 1.

. FIGURE 4 is a longitudinal sectional view of the
earth boring device taken through a plane indicated by
section line 4-4 of FIGURE 2.

FIGURE 5 is a sectional view through the earth bor-
ing device taken through a plane indicated by section line
5-5 in FIGURE 4.,

FIGURE 6 is a transverse sectional view taken sub-
stantially through a plane indicated by section line 6—6
in FIGURE 5. :

FIGURE 7 is an enlarged partial sectional view of a
portion of the boring device.
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FIGURE 8 is an enlarged partial sectional view taken
substantially through a plane indicated by section line
8-8 in FIGURE 3.

FIGURE 9 is an enlarged diagrammatic view illus-
trating the arrangement of cutting teeth on a boring head
hub rotor.

FIGURE 10 is a partial sectional view taken substan-
tially through a plane indicated by section line 10-10 in
FIGURE 5.

FIGURE 11 is an enlarged perspective view of a cut-
ting tooth element utilized on the boring device.

FIGURE 12 is a partial front transverse sectional view
illustrating a modified form of earth boring device.

FIGURE 13 is a partial sectional view similar to that
of FIGURE 12 illustrating a second modified form of
earth boring device.

Referring now to the drawings in detail, an earth bor-
ing device generally referred to by reference numeral 10
is illustrated in FIGURES 1, 2 and 3 in the process of
forming a horizontal tunnel or passageway 12 beneath
the surface of the earth. The earth boring device 10
includes therefore an outer casing member generally re-
ferred to by reference mumeral 14, the cross-sectional
shape of which corresponds to the cross sectional shape
of the tunnel 12 being formed. In the example- illus-
trated, the tunnel 12 being formed is circular in cross
section so that the casing member 14 will be cylindrical
in shape. Accordingly, the casing member 14 mounts
forwardly thereof a projecting boring head assembly
generally referred to by reference numeral 16 which in-
cludes a pair of rotatable rotor hubs 18 mounted for
rotation about a horizontal axis fixed with respect to the
casing member 14 but disposed forwardly thereof and
extending at an angle transversely to the longitudinal
axis of the casing member. The rotor hub members 18
in the illustrated embodiment, are substantially semi-
spherical in shape and have externally mounted thereon a
plurality of earth cutting means 20 one of which is more
clearly shown in FIGURE 11. The teeth 20 may ac-
cordingly be welded to the external surface 22 of its
rotor and includes a radially extending straight leading
edge 24 with respect to the rotational direction of the hub
member 18 and a trailing edge including a beveled sur-
face portion 26. In the illustrated embodiments of FIG-
URES 1, 2 and 3, all of the cutting teeth elements 28 will
be of equal radial length in order to form the passageway
12 which is circular in cross section. Also, extending
through the passageway rearwardly of the earth boring
device 18, is an earth removal suction hose 28 which is
connected by a suitable fitting to a material retaining
plate member 30 connected to the rear end of the casing
member 14 across the bottom portion thereof and as
more clearly seen in FIGURE 3. Also, extending into
the casing member 14 diametrically opposite the suction
hose 28, is a water inlet hose 32 by means of which water

. under pressure is supplied to the device 10 for purposes
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to be hereafter explained. Located adjacent to the water
inlet hose 32, and also extending into the tubular casing
member 14, is an electrical conduit cable 34. It will be
appreciated that the hose conduit 28 and 32 as well as the
electrical cable 34, are flexible and extend a considerable
distance for connection to apparatus -located above
ground including suction generaling equipment to which
the suction hose 28 is connected, water pumping mecha-
nism to which the water supply hose 32 is connected and
an electrical power supply to which the electrical cable
34 is connected. ’

Referring now to FIGURES 4 and 5 in particular, it
will be observed that the boring head assembly 16 dis-
posed forwardly of the tubular casing member 14, in-
cludes a vertically disposed mounting plate 36 which is
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welded - internally ‘of the tubtlar casing - member 14

throughout a substantial longitudinal length thereof, -and -
projects forwardly therefrom términating in a semi-circu---

lar edge portion 38.. A circular. opening 40 is formed
adjacent the forward end of the mounting plate member
36 and receives therewithin a -gusset plate 42-as more

clearly seen in FIGURE 8. The mounting plate member
36 is welded to the gusset plate 42 which in turn is welded

-~ and georretrically flat sided shapes.

to the ouier casing of a boring-head motor 44 ‘theteby. -

fixedly mounted by the mounting plate 36 forwardly of the
-tubular casing member 14, - Extending from both ‘axial
ends of the motor 44, is a motor shaft 46:to which the

10.

rotatable boring hubs 18 are connected. It will' be: ob-- -
served, that the boring hubs 18, being substantlally semi- -

spherical in ‘shape, are:closély spaced- from each: other:

15

on opposite sides of ‘the mounting plate member 36 and .

extend partially into the tubular,_casing member 14 fo

completely enclose therebetween. the boring head motor -
44 and form,an annular inlet passage at the:forward end.

of the.casing member. Accordingly, each of ‘the boring
hubs 18 includes an mternally projecting boss portion 48
rigidly .connected by any  suitable keying means to the
projecting motor shaft 46, the remote ends of which are

20

threaded to receive an assembly. nut' 50 spaced’ from the -

seat of .a central recess 52 in the external surface 22 of
the hub 18 by means of the washer element 54.: The inter-
nally projecting boss portion 48 accordingly is shouldered
against the bearing portions 56 of the motor 44. Accord-

ingly, energization of the motor- 44 will cause: rotation -

of the boring hub 18 about a“horizontal axis spaced for-
wardly of the tubular casing member 14 and extending in
perpendicular mtersectmg relation to-a Iongrtudmal axis
through the tubular casing member 14. Further, in’order
to mairntain the motor 44 protected within the enclosure
of the hub members 18, the hub members are provided

vwrth annular confronting rim portions 58. . The annular -
rim portrons 58 are: therefore provided with an annular

25
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the rotor h‘ub"‘members 18 mounting cutting teeth of equal
. radial leéngth, will ‘be operative to cut-a tunnel which is

circular in cross-section corresponding’-to the “circular
cross-section of “the -tubular. casing member, 14. It will

~be epprecrated however; that tunnel- passages may be

formed- of othér: cross sectional shapes “including ovals
For example, as
shown in FIGURE 12, the cylmdrrcal type tubular casing
14 may be’ replaced by a tubular casing 78 that is square
in -cross-section.: - Accordingly;  when “utilizing a semi-
spherical boring hub. 18, the ‘earth cutting teeth 72 will
necessarily be of different radial lengths so as:to cut the
cross -séctionally square formation. - It will be further
appreciated from FIGURE 12, that-different variations in

“the Iength of the cutting teeth 72 may produce oval varia-

tions of the circnlar cross-section as described with respect
to the device 16 illustrated-in FIGURES 1,2 and 3. In
FIGURE 13, the same tubular casing member 70 may be
utilized in“association with earth cutting teeth 29 of equal
length, mounted however on ¢ylindrical type of hub-rotors
74.- - Thus, the earth boring device of the preésent invention
may be-modified by replacement of: the tubular casing
member with any desired cross sectional shape. associated
either with cutting teéth of cqual length mounted on the
appropriately * shaped “boring . hub or: by mounting of
cutting teeth of different lengths upon ‘the boring hub.
The ‘wide’ flexibility in"the cross sectional shapes of the
tunnel-to be bored is thereby made possrble by the prac-
tice of the presentinvention.-

Asindicated by the arrows in FIGURES 1 and 4, the

“ boring head assémbly 16 is rotated in-a clockwise duec—

tion“so that earth will be dislodged ‘and displaced into
the-tubular casing member 14 along the bottom -thereof,

- as the boring device is moved forwardly by -any suitable

recess portion 60. which mount an annular seal ting 62

as more' clearly seen-in FIGURE 8 for wiping engage-
ment with-the gusset plate 42 fixed to the outer casing of
the motor. 44.  Accordingly, the motor 44 will be: en-

closed in-a fluid tight manner within and between the

40

boring hub members 18, the annular. rim portions 58 of -

‘which -are closely ‘spaced. from each other -on opposite
sides of the
radially inwardly and internally -within the’ boring hub
members 18 are -a plurality of spaced-cooling fins 64 as
more clearly seen in FIGURES 5, 8 and 10 operatlve to
more efficiently dissipate the: heat generated by opera’uon
of the electric motor. 44.

As moré clearly seen in FIGURES 4 and: 7 the forward

mounting plate member 36. - Also, projecting-

means as is. well known in.the art, such as:a hydraulic
jack or the like through the horrzontal tunnels or passage-
way 12 being cut. - It 'will ‘be appreciated that it is essen-
tial not only-to rémove the displaced:earth dislodged by
the boring head assembly 16 50 as to'maintain the passage-
way 12 clear, but it is also necessary to remove. such dis-
lodged earth -at a sufficiently rapid rate.-so asto prevent
the back:pressure thereof from impeding operation-of the
boring head assembly 16, Accordingly, mounted within
the tubular casing 14 rearwardly of the boring head as-

- sembly 16, is an’earth-condition ning removal mechanism

generally referred to by rteference numeral 78 as-more
completely illustrated -in FIGURES 4 and 5., The earth

. conditicning mechanism: 78 therefore “includes’ a mixing

- trough 89 disposed-along the bottom portion of the tubu-~

50

end of the tubular casing member 14 is provided with a
pair of recesses to which a pair of scarfing tooth-elements .

66 are secured by any suitable fasteners 68.:

the mounting plate member 36 for overlying the ‘space

“The scarfing
tooth elements 65-are thereby aligned. in- the plane of °

55

between the boring rotors or hubs 18. - The scarfinig tooth - ‘

elements 66 are théreby operative to excavate the earth
- bétween the rotor-hubs 18 inasmuch as no cutting teeth

elements 26 will be available for such. purpose::- The

outwardly so as.to just clear the projecting teeth element. . -
20 inasmuch-as said 'scarfing. elements 65 -should prefer-. .

ably overlap the spacing befween the. rotor hub memibers:-
- - 18, It'will also be observed from FIGURE 9 i particti-.
* lar, that the earth ciiting teeth-elements 20 are located: o

on the external surface 22 of the rotor hub member 18 -~
in-a spiral arrangement with.respect-to the.rotational axis.

This arrangement will reduce the possibility.of the boring.

70

head assembly 16 in being subjected -to-undue impact.

loads, tending instead to- dlSplaC" the entlre bouno de-

vice 10.

In the foregoing descrrptlon of the bormg head assem-i

bly, it will be observed that-the semi-spherical shape. of

65

lar -casing member:14 and -defined forwardly of the ma-
terial ;retaining member 38, The displaced ~earth will
accordingly “enter the- trough’ portion -89 from the re-
stricted, annular inlet passage at the forward end of the
casing ‘member, “and- be mixed with: water therein’ and
conveyed: rearwardly toward the outlet opening 82 in the
material retaining member 38 to which the suction hose 28
is connected. -Mixing of the displaced earth not only pro-

".duces-a fluent mixture that may render removal.of the
-~ -earth by: a suction hose possible but will' also reliéve the
60
scarfing tooth elements 66 are however angled radially * - sary in connection with earth removing Conveyov‘ assem-

load-and reduce ‘the power reqmrement otherwise ‘neces-

bly:84. - ‘Accordingly,. water under . pressure “is supphed
for mlxmg with the dlsplacud earth by means of a pair of
water supply conduits 86-and 88 which are connected by
a Y-coupling 90 to the watei supply_hos_e 32. The water

‘supply conduits 86 and 88§ are-therefore mounted within

the -tubular: casing member 14 along the. upper: portion
thereof so as-to not interfere with the ‘mixing and rearward
conveyance of the-earth by the. conveyor assembly” 84.
The water supply conduit 86 @nd 88 extend forwardly of
the tubular casing 14, on opposite sidés of the mounting
plate member--386.to dxvergf- therefrom in- a- horizontal

. direction as indicated in FIGURE 5. against the side walls

of ‘the tubular. casing 14 while said conduits” curve-down-

- wardly, terminating at a lower end #long the Hottom of
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the tubular casing member 14 and spaced just forwardly
of the earth conditioning mechanism 78. Two jet streams
of water under pressure will accordingly be discharged
into the earth conveying assembly 84 on opposite sides
of the mounting plate member 36. The water so dis-
charged will not only assist in further displacing the earth
rearwardly but also provide a medium with which the
earth may be mixed by the conveyor assembly 84 resulting
in a fluent mixture capable of being withdrawn by the
suction hose 28 at the rear end of the tubular member 14.

The conveyor assembly 84 comprises a pair of auger
mechanisms 94 and 96 rotatably mounted in opposite
sides of the mounting plate member 36 by bearing as-
semblies 98 mounted in the material retaining member
30 and in the laterally extending brackets 160 welded
to opposite sides of the mounting plate member 36. The

auger mechanisms 94 and 96 are therefore both power

driven in a direction causing displacement of materials
rearwardly of the casing member 14 and will also be
effective to mix the water and earth within the trough
portion 89.

The auger mechanisms 94 and 96 are powered by
means of an auger drive motor 192 that is fixed as by
welding within a cut-out portion 164 in the mounting
plate member 36 disposed above the trough portion 8¢ so
as not to be unduly contaminated by the displaced earth.
As more clearly seen in FIGURES 3, 4 and 6, the output
shaft of the auger drive motor 182 is connected by a re-
duction gear box 106 to two output sprockets 198 each
of which is drivingly connected by chain gearing 119 to
the auger mechanisms 94 and 96 for rotation thereof in
the proper direction. Electrical power for energizing the

- auger drive motor 162 is furnished through power line
conductors sheathed within the electrical conduit 34 that
extends rearwardly into the tubular casing member 14
adjacent to the water supply conduit 86 and is suitably
anchored to the mounting plate member 36 by bracket
elements 112. Also extending from the electrical con-
duit 34 at its forward end, is a power line conductor 114
which extends through the mounting plate member 36
to the driving motor 44 for the boring head assembly 16.

From the foregoing description, operation and utility

of the novel earth boring device will be apparent. It will
therefore be appreciated, that because of the absence of
gearing for connecting the boring head motor to the rotor
elements, damage due to unexpected impact load or over-
load will be avoided. Also, because of the spiral tooth
arrangement and reduction in any back-up pressure of
dislodged earth, resulting from the rendering of the
earth fluent, less power and more efficient operation will
be possible. Also, because of the more rapid removal
of the dislodged earth, more rapid boring is possible. Fi-
nally, greater flexibility in the cross sectional shape of
the passageway bored is possible by the selection of the
casing and boring hub or tooth length.

The foregoing is considered as illustrative only of the
_principles of the invention. Further, since numerous
modifications and changes will readily occur to those
skilled in the art, it is not desired to limit the invention
to the exact construction and operation shown and de-
scribed, and accordingly all suitable modifications and
equivalents may be resorted to, falling within the scope
of the invention as claimed.

‘What I claim as new is as follows:

- 1. An earth boring device comprising tubular casing
means, mounting plate means fixed to the casing means
and  projecting forwardly therefrom, motor means
mounted by the plate means for rotation about an axis
spaced forwardly of the casing means, rotatable hub means
connected to the motor means in complete enclosing rela-
tion thereto on opposite sides of the plate means and
extending into and out of said casing means to form
therewith ‘an  annular inlet passage, and earth cutting
means externally mounted on the rotatable hub means
for dislodging and displacing earth rearwardly into said
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6
casing means through said inlet passage in response to
rotation of the hub means by the motor means.

2. The combination of claim 1, wherein said earth
cutting means comprises a plurality cutting teeth project-
ing radially from the external surface of the rotatable
hub means and fixed on said external surface in a spiral
arrangement with respect to said rotational axis of the
hub means,

3. An earth boring device for forming a sub-surface
passageway comprising, tubular casing means, boring head
means mounted in said casing means and projecting for-
wardly therefrom for dislodging and displacing earth
rearwardly of said casing means along a bottom portion
thereof, earth conditioning means mounted in said casing
means rearwardly of the boring head means for rear-
wardly conveying and rendering the displaced earth fluent
and earth removal means operatively connected to said
casing means rearwardly of the earth conditioning means
for removal of fluent earth from said casing means and
the passageway formed rearwardly thereof, said boring
head ‘means. comprising, mounting plate means fixed to
the casing means and projecting forwardly therefrom,
motor means mounted by the plate means forwardly of
the casing means, rotatable hub means directly connected
to the motor means in complete enclosing relation thereto
on opposite sides of the plate means and extending.into
said casing means, and earth cutting means externally
mounted on the rotatable hub means for dislodging and
displacing earth rearwardly into said casing means in
response to rotation of the hub means by the motor
means. '

4. The combination of claim 3, wherein said earth con-
ditioning means comprises, material retaining means con-
nected to a rear end of the casing means to form a
trough along said bottom portion of the casing means,
said removal means. being connected to said retaining
means, fluid supply means mounted in the casing medns
above said trough and discharging fluid rearwardly into.
the trough from a location between said. boring head
means and the earth conditioning means and conveyor
means mounted in said trough for mixing and propelling
the fluid and dislodged earth rearwardly. displaced by
the boring head means, to supply a fluent mixture to
the removal means at said rear end of the trough.

5, The combination of claim 4, wherein said conveyor
means comprises ‘a pair of auger mechanisms rotatably
mounted by the retaining means and mounting plate
means on opposite sides of the mounting plate means
within the trough, and a conveyor motor mounted by
the mounting plate means above the trough and drivingly
connected to said auger mechanisms.

6. The combination of claim 8§, wherein said fiuid sup-
ply means comprises a pair of fluid conduits extending
forwardly into said casing means above said trough and
on opposite sides of said mounting plate means, said con-
duits including fluid discharge portions extending down-
wardly adjacent a forward end of the casing means’
to terminate forwardly of said conveyor means to dis-
charge water under pressure thereinto.

7. The combination of claim 6, wherein said ‘earth
removal means comprises a- suction hose connected to
said material retaining means, :

8. The combination of claim 7, wherein said rotatable
hub means comprises closely spaced rotors in fluid sealed
relation to said mounting plate means for rotation about’
a rotational axis extending transversely of and disposed
forwardly of said casing means, said rotors having an’
external surface curvature operative in association with
said casing means and earth cutting means to form a pas-
sageway having a predetermined cross-sectional shape.

9, The combination of claim 8, including scarfing teeth’
fixedly mounted on the casing means and projecting for-'
wardly therefrom in alignment with said mounting plate.
means and between said spaced rotors.

10. The combination of claim 9, wherein said earth
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cuttmg means comprises a plurality of cuttmg teeth
projecting radially from ‘the  external surface of the 1o-

tatable hub means and fixed on ‘said external surface. -

in a .spiral-arrangement with respect to said. rotatmnal‘

-axis of the hub means,

11. An earth boring device compnsmg, tubular casmg .
means, mounting plate means fixed to the. casing means

and projecting forwardly therefrom, motor- means

mounted by - the' plate “means- forwardly of the casing”
means, rotatable -hub means:directly’ connected to the.

motor means in. complete enclosing relation thereto .on
opposite sides-of the. plate.means and extending into and

out-of. said ‘casing means; and earth cutting means ;ex-
ternally. mounted- on the:rotatable hubmeans for dis-.

lodging and-displacing earth rearwardly. into said casing
means in; response - to rotation:of thé hub: means: by the
motor means, said rotatable hub means comprising closes
ly spaced rotors in. fluid sealed relation to said: mountmg

rearwardly of the boring head means for rearwardly con-
veying and rendering said displaced earth fluent and earth
removal means operatively connected to said casing rear-
wardly. of the earth-conditioning means: for removal. of
fluent-earth from’said casing means:and the passageway

“formed 1earwardly thereof, said earth-conditioning means
-comprising, ‘material retaining means connected 'to a rear

end of the casing means to form 4 trough along said bottom

"1 portion of the casing means, said removal means being con:

10

nected - to.said retaining means, fluid - supply means
mounted in the casing means above said trough and dis-
charging fluid rearwardly. into. the: trough from a location
‘between said-boring head meansand the fluid conditioning
means; and conveyor means motnted in said trough for
mixing and propelling the flnid and dislodged earth rear-
wardly’ displaced by the boring head means, to supply: a

* - fluent: mixture to the removal means at said rear end of
“ the trough, said-floid supply means: comurrsmg a pair of

plate means for rotation .about a rotational:axis extend-

ing transversely of and disposed forwardly. of said casing

means, said rotors-having an’external surface curvature

operative in association with. sald casing means and earth

‘cutting means to form-a passageway having:a predeter- -

mined - cross-sectional shape.

12, An earth bormg device comprrslng tubular cas-
ing means, mounting plate means fixed to the casing means
and - projecting -forwardly therefrom; - motor  means
mounted by the plate means -forwardly .of -the “casing

20.

fluid condurts extending forwardly into said casing means
above ‘said trough and on opposite sides of said mounting
plate means, said conduits. including fluid discharge por-
tions.extending downwardly-adjacent a forward end of the

casing :means to terminate forwardly of said conveyor

means; rotatable hitb ‘means direétly  connected to .the ..

motor means in complete -enclosing .relation’ thereto .on

on oppos1te sides of the plate means and extending into -

said casing means, earth cufting means'extérnally mounted
" on the rotatable hub means for. dislodging and displacing
“earth rearwardly into said casing means i response. to
rotation of the hub. means by the ‘motor . means, and
scarfing teeth fixedly mounted on the casing means; and

projecting forwardly therefrom” m ahgnment wrth sald

mounting plate ‘means, . -
13. An earth bonng device for formrng a sub surface

passageway compnsmg, tubular casing means, boring head |
means mounted in said. casing means and projecting for-,:

wardly theérefrom for.-dislodging ‘and . displacing' eaith

" means to discharge water under pressure therein.-

~16, A-boring device comprising tubular casing means
having-a longitudinal "axis, mounting means fixed to the

..casing .means, -motor means mounted by the mounting

means, rotatable hub:means mounted in spaced relation to

* the casing means.to form a restricted inlet passage there-

with, means drivingly connecting the motor means to the
hub -means for rotation thereof about an axis extending
forwardly of-the casing means at-an-angle to ‘the longi-

“tudinal axis thereof; and cutting means externally mounted
“on: the rotatable hub means for drslod"mg and displacing

earth rearwardry into said casing means throuvh said inlet

.. passage in response to-rotation of the hub means by the

49

motor means; said hub means comprises two hemispherical
shells: drsposed in back to. back relationship; whereby sard

“1inlet passage is annular in cross section.

17: In-a boring device havmg a’'tubnlar casing, a motor
ﬁxedly mounted by the-casing, a pair of clcsery spaced

_rotors; ‘means fixed to the casmg “for rotatably mounting

rearwardly of said casing means along a bottom. portlon' s

thereof, earth conditioning means mounted in' said: casing .

means . rearwardly of "the -boring -head means. for rtear-

wardly conveying and rendering said displaced earth fluent- -

and earth removal .means. operatively connected 'to - ‘said:

casing means rearwardly of the earth cond1t1on1ng means
for removal of fluent earth from said casing means and
" the . passageway formed rearwardly thereof, said earth
" conditioning means comprising, material retaining means

connected to a rear end of the casing means to: form.

a trough along said bottom portion of the casing ‘means,

said removal means being connected to said retaining.

means, fluid supply means mounted in the. casing means
above said trough' and-discharging: fluid rearwardly into
the trough. from “a location: between . said boring. head
means and the fluid conditioning- means, and:-conveyor
means mounted in said trough for: mixing and propelling
the: fluid - and "dislodged ~earth ‘rearwardly: displaced by
-the boring head means, to supply a fluent mixture to. the
removal means at said rear end of the trough;- -

:50.

55
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-'14."The combination’ of..claim’ 13, wherein said con-""

veyor means. comprises a pairof auger mechanisms rotata-

bly mounted by’ the retaining means within-the"trough,

65

-aid’a convevor motor mounted above the trough a z.nd drrv-‘ -

ingly connected to said auger methanisms. :

- 15. An-earth boring: device for forming a sub surface‘

passageway cornpmmv tabular | casing means; bormg head

wardly, thérefrom for dxslodgmg and:displacing earth rear- =
wardly of said casing means along a ‘bottom: portwn ethere-j s

of, earth condmonmg means mounted in sard casrn‘r meansf»

means: mounted in: said; casing “means and pro;ectmo for- 70 3

the rotors in posrtrons ‘projecting forwardly from the cas-
ing to ‘form a réstricted annular inlet passage.therewith,

means: drrvmgly conneeting -the rotors to the motor for

rotation of the rotors about an-axis extending transversely

-of thé casing; cutting means “externally mounted on said

rotors for-movement-rearwardly into the casing through
said . inlet passage, said rotors having.an external surface
curvature ~from which the cu..trnf' means project to cut a
passageway of a predetermmed CTross- sectronal shape.
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