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DIRECTIONAL CONTROL OF EARTHv BORING 
APPARATUS - _ ' 

BACKGROUND OF THE INVENTION: 
1‘. Field‘ of the Invention 1 - ' - ‘ I 

‘ The‘ present invention relates to earth boring. More particu 
larly‘,=th‘e present in» .‘ntion‘ relates to the directional control of 
horizontal earth boring tools. Accordingly, the general objects > 
of the present invention are to‘ provide novel and improved 
methods and apparatus of such character. . I ' . ' 

2. Description of the Prior Art '. ‘j ‘ 
Utility companies have‘ long recognized the costly labor ex 

- pense and public opposition associated with the prior art 
method of installing distribution lines in excavated trenches. 
These problems have, of ‘course, been‘aggravated when the 
breaking of pavement of-‘o'r the interruption of railway service 
was involved. The disadvantages inherent in trenching‘can be 
signi?cantly reduced by using horizontal earth boringtoolsfor 
installing underground cables and'conduits and accordingly 
horizontal angering has in recent years been speci?ed in many , 
situations requiring the placement of utility. lines under roads 
and railroads. _ I, p . 

Prior art horizontal augering equipment however, been 
plagued with a serious problem. This problem ‘resides in the 
previously. existing. inability to exercise control over the 
direction of the drill string so that the drill may be redirected 
should it deviate from the correct drilling'path. As is known, 
unpredictable drift in’ , underground‘ boring operations ' is 
caused by the flexibility‘of'the boring tool. It is extremely dif 
ficult to make such tools stiff or rigid‘ enough to withstand 
lateral thrust loads imposed on the drill head or bit by stone, 
other soil discontinuities, ‘or even by ‘the rotational torque 
transmitted to the drill ‘string from the. driving apparatus. 
The above-noted deflectionor drift phenomenon has been 

most pronounced when the‘ ‘ratio of drill string length to drill 
string diameter becomes large. In addition,‘since"tlie location 
of the boring bit is not always readily apparent,‘the drill string 
may drift as much as 6 feet in 100 feet or more before being 
noticed and corrective measures attempted. 

In the prior art, the only directional control available is the‘ 
use of pickup, or potholes‘located ‘at intervals along the desired ' 
tunnel path, the bitvbeingrrealigned-if necessary asuit, passes 
.each of the pickup holes. This technique is, however, only ef-' 
fective when. bores are .‘attemvptediwithout'a casing and ‘many 
times drill string deflection between-pick upjpickup holes or 
too slight to be visually ‘noticed atpickupholes will make it 
difficult to later insert a casingor carrier pipe. Also, the use of 
‘pickup holes is subject to the same public opposition, albeit to 
a lesser degree, as trenching. : k L 

It has been recognized that a more accurate method for un 
" derg'round installation of a conduitlencompass'es augering 
through a casing while simultaneously jacking the :casing. 
However, this method will also fail {when the drill string is . 
de?ected since the auger will bind in thecasing. Such binding 
sometimes results in a loss ‘of a section of auger'as well as loss 
of time spent in ‘partially completing the tunnel. 

In the drilling of 'wells, for example oil wells, v‘techniques 
have been evolved for; the directional control of the drill 
string. These techniques;however, are primarily of used use in 
the “drilling of slant-bores'and, for numerous‘reasons', are-not 
suitable for the exercise of directional control over horizontal 
boring toolsivh‘ere ‘the ability‘to redirect in multiple directions 
is necessary. - > ' . ‘z - . " ' . 

SUMMAR-Y‘OF Tl-IE'INVENTION' , . , 
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an auger mounted cam. The auger cam rotates with‘ the auger 
and thus, through‘ the control valve, causes selective energiza 
tion of the piston actuated radial bit. When energized, the bit 
extends out the side of the auger head and reams a swath from 
the side of the borehole in the direction that needs correction. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention‘ may be better understood and its nul 
>merous advantages will become readily apparent‘ to those 
skilled in the art by reference to the accompanying drawing 
wherein like reference numerals refer’ to like elements in the 
various FIGS. and in which: 

FIG. 1 is a side elevation view of a preferred embodiment of 
the‘ present invention. 

FIG. 2 is an enlarged view, partially in section, of the radial 
cutter portion of the embodiment of HO. 1. 

FIG.» 3 is a front view of the apparatus shown in F IG. 2. 
‘FIG. 4 is a front view of a modi?edembodim'ent of the in~ 

vention. . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to FIG. 1, the selective cutter system of the 
present invention comprises a piston actuated, radial earth 
reaming bit, indicated generally at 10,- which is positioned 7 
within the head assembly 12 of an auger, indicated generally 
at 14. The selective cutter also comprises, as principal com 
ponents, a hydraulic fluid ‘system and an auger cam 16 which 
controls the application of ?uid pressure and flow to radial bit 

. 10 from the hydraulic fluid system‘in the manner to be 
' described below. , - 
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The auger head 12, as may best be seen from a simultaneous 
consideration of FIGS. 2 and 3, comprisesa hollow, substan~ 
tially rectangular casing 18 which has,extending from its front 
face, a plurality of cutter teeth 20. The auger head assembly 
also comprises a pilot bit 22 which extends in a forward 
direction axially of the auger. v 
The auger has a tubular support shaft 38, hereinafter 

referred to as the auger pipe, which is supported at the end op~ 
posite to head assembly 12 by means of a pair of bearings 24 
and 26. Torque is transmitted to the auger, via a drive 

1 coupling 28, by means of a sprocket 30 and chain drive. The 
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details of drive coupling 28 _ do not ‘comprise part of the 
present invention and thus have been omitted from the draw 
ing in theinterest of clarity. However, drive coupling ‘28' is 
comprised of a male octagonal member fitting into a female 
octagonal member fitted with a shear screw to prohibit axial 
motion, the ‘center of the connection being hollow and of ‘the 
same inside diameter as the auger pipe 38. ' 

Bearings 24 and 26 are mounted on a sliding frame 32 and 
thus, upon disconnecting of the drive coupling 28, the 
bearings may be moved axially of the auger. Accordingly, as 
the bore progresses, additional sections or lengths of auger 
pipe may be coupled to the equipment to thereby extend the 
hole. Also in the interest of clarity, the drive chain and driving 
mechanism for sprocket 30 have not-been shown. These ele 
ments would either be mounted on slidable frame 32 or el 
sewhere and would move with frame 32. The means for mov~ 
ing frame32 and thus the means for urging theauger forward 

. will consist of the force from'a large'hydraulic cylinder, not 
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The present invention overcomes the above-discussed dis- . 
advantages of the prior -_art and, in so‘doiri'gyprovides for the 

: redirection-‘of a horizontalaugering tool vwhen-it 'i’lrifts or is‘ 
forced from the correct 'drilling path. In achieving these 
desirable improved results ‘the present invention employs a 
piston actuated, ‘earth reaming'bit positioned radially in an 
auger head, the piston actuated bit being 5 operated via a 
hydraulic ?uid‘system including ‘a control valve operated by 

70 

shown, rigidlya‘ttached to the sliding frame 32. The cylinder 
exerts its forceagainst the track upon which the frame's'lides 
thereby pushing ‘the frame'and the auger apparatus forward 
with respect to the stationary track. . 

It is to be noted that a pair of hydrauliclines 34 and 36 ex 
tend ‘rearwardly from head assembly 12. Hydraulic lines 34 
and 36'will be external to auger pipe 38 only until they pass an 
instrumented section 39 thereof. Auger section 39 will contain 
suitable sensors for detecting the direction of motion of the 
auger. These sensors do not form a part of thepresent inven 

> tion and will not be described herein. However, it is to be 

75 
noted that the sensors in the instrumented auger section will 
detect undesired drift-ofthe auger'and will provide signals 
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commensurate therewith. The signals commensurate with 
drift may either be applied to suitable indicators so as to ena 
ble the exercise of manual control over the operation of head 
assembly 12 or the drift signals may be employed to automati 
cally control the hydraulic system of the present invention to 
thereby cause proper corrective action. Once past instru 
mented auger pipe section 39, hydraulic lines 34 and 36 
proceed rearwardly iiside the auger pipe for the remainder of 
the auger length. A hollow, octagonal, mechanical auger con 
nection, similar to the apparatus described above in connec 
tion with the discussion of drive coupling 28, will permit 
coupling of succeeding auger pipe sections. Internally of each 
of these mechanical connections will be a pair of quick 
disconnect couplings for hydraulic lines 34 and 36, the 
hydraulic lines passing through the center of the auger pipe 
connections. Thus, as shown in FIGS. 1 and 2, hydraulic lines 
34 and 36 are partly exterior of and partly interior of auger 
pipe 38. It is to be noted, however, that the hydraulic lines 
may be totally interior of auger pipe 38 if the passing of the 
hydraulic lines through the instrumented section of the auger 
pipe is deemed necessary in the interest of protection. The 
hydraulic lines will rotate with the auger, such rotation being 
facilitated in the manner to be described below. 
The hydraulic lines 34 and 36 exit from auger pipe 38 

through the center of auger cam 16 which is ?xed to the rotat~ 
ing pipe. The hydraulic lines thereafter pass through a rotary 
hydraulic joint, indicated generally at 40. Rotary hydraulic 
joint 40 is used to transmit two-way separate hydraulic ?ow 
and converts this ?ow from lines rotating with the auger to sta 
tionary lines. After passing through the rotary hydraulic joint, 
the fluid supply lines will be connected to a four-way hydraulic 
spool valve 42. Fluid is supplied to the control system includ 
ing valve 42 from a pressurized ?uid source 44 via hydraulic 
lines 46 and 48. 

Considering now F lGS. 2 and 3, the structure of the auger 
head and piston actuated, radial selective earth reaming bit 
may be more clearly seen. Radial bit 10 comprises a cutter ele 
ment 50 which engages an extension of piston rod 52 of a 
piston 54. The auger head casing 18 has a ?rst recess 56 
machined in one end thereof, recess 56 being commensurate 
in shape with the outer diameter of the cutter element 50. Ac 
cordingly, by proper application of hydraulic pressure to 
piston 54 in the manner to be described below, cutter element 
50 may be retracted to a point where it does not extend 
beyond the sidewalls of the auger head. 
The piston 54 travels within a cylinder 58 which is 

machined in casing 18, the cylinder extending from the end 
opposite to that having the cutter element receiving recess 56. 
The outwardly disposed end of cylinder 58 is capped by a plug 
60 which threadably engages the inner wall of the cylinder. 
The auger head casing 18 also comprises an extension 62 

which ?ts into tubular auger support shaft 38. Mating of the 
auger head with the shaft 38 may be achieved via a bayonet 
type connection, not shown. Auger head extension 62 is pro 
vided with a pair of bores 64 and 66 which respectively com 
municate between the inner and outer ends of cylinder 58 and 
the interior of shaft 38. Flexible extensions 68 and 70 respec 
tively of hydraulic lines 34 and 36 may be coupled via suitable 
?tting, not shown, to the exposed ends of bores 64 and 66 in 
auger head extension 62. 
The operation of the above-described equipment will now 

be explained. Under normal circumstances, valve 42 is sup 
ported by means, not shown, in a position where its operating 
shaft 72 is out of contact with auger cam 16. When deviation 
of the auger from its desired path is noticed, such deviation 
being sensed by apparatus which does not comprise part of the 
present invention, the valve shaft is moved into contact with 
the auger cam. The auger cam 16 is ?xed to the rotating auger 
shaft 38 and aligned with the cutter bit 50. As the auger shaft 
and thus the cam 16 rotates, fluid ?ow passages through four 
way spool valve 42, which will at this time have its operating 
shaft 72 spring loaded against the auger cam, will be selective 
ly opened. Accordingly, when auger de?ection is noticed, the 
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4 
valve is physically rotated to the proper point and moved into 
a position where its spool engages the auger cam 16 via shaft 
72. Pressurized hydraulic ?uid from source 44, which may be 
the central hydraulic system of the boring machine which may 
provide rotary drive to the auger or linear force via the large 
pushing cylinder to the sliding frame, will thus be fed through 
valve 42, rotary hydraulic joint 40 and, via ?uid supply lines 
34 and 36 to piston cylinder 58. Restated, pressurized ?uid 
will be fed forward to the selective piston when a forward 
valve port in spool valve 42 is opened by the high point on the 
auger cam 16. In one case where the pressure at source 44 was 

approximately 2,000 p.s.i., the cutter piston 54 was energized 
with approximately 5,000 pounds of force upon the opening of 
the forward valve port. When the forward or head side of 
piston 54 is subjected to pressure, the cutter bit extends out 
the side of the auger head 12, as shown in FIGS. l—3, approx 
imately three-quarters of an inch and will ream a 90° swath 
from the side of the bore hole in the direction that needs cor 
rection. When the valve spool of valve 42 follows the low side 
of auger cam 16, the reverse side of piston 54 will be pres 
surized and the forward or outer side ofpiston 54 bled back to 
the reservoir in source 44 thus forcing the cutter bit 50 back 
into the auger head for the remainder of the auger revolution. 
Therefore, the borehole is reamed only in one quadrant while 
the forward progress of the bore continues without interrup 
tion. 

It is to be noted that the present invention has been shown 
and described in the environment wherein boring is performed 
without a casing. In the usual instance of drilling without a cas 
ing, the apparatus of the present invention would be employed 
to drill a pilot hole which would thereafter be enlarged if 
necessary. It is, however, to be understood that the present in 
vention could be employed where the auger extends through a 
casing which is fed into the bore as it is extended. 

It is also to be noted that, while manual positioning of valve 
42 relative to auger cam 16 has been described, the present in 
vention can and typically would be automated to the extent 
possible, the extension of the auger being the sole nonauto 
matable task. Thus, signals from a suitable direction sensitive 
device may be fed to a logic circuit which, in turn, would actu 
ate a servomotor. The motor would be employed to rotate 
valve 42 until it is positioned properly relative to the cam to 
provide the necessary corrective cutting. 

While a preferred embodiment of the present invention has 
been shown and described, various modi?cations and substitu 
tions may be made thereto without departing from the spirit 
and scope of the present invention. For example. while a 
selective cutter has been described, cutter bit 50 could be 
replaced by a wedge. In FIG. 4, for example, a wedge 80 
pivotally mounted on casing 18' at 82 is actuated by the piston 
rod 52’ , being connected thereto by the pin and slot arrange 
ment 84. Upon actuation of the piston, the wedge is moved 
outwardly for example to a position 86 as shown in broken 
lines during a portion of each revolution of the bit. The effect 
of a wedge that selectively pushes against the sidewall of a 
borehole would be equal and opposite to the cutting effect. 
The wedge, pushing once on the wall for each auger revolu 
tion, would tend to “walk" the auger back on the correct path. 
Obviously, for wedge operation, the wedge would be caused to 
push on the wall opposite to the direction needing correction. 
Accordingly, it is to be understood that the present invention 
has been described by way of illustration and not limitation. 
We claim: 
1. Directionally controllable earth boring apparatus com 

prising: > 

an elongated rotatable auger; 
an auger head mounted adjacent a ?rst end of said auger for 

rotation therewith; 
retractable bore wall engaging means mounted in said auger 

head, said retractable means in the normal retracted posi 
tion lying in ?ush relation with said auger head. said 
retractable means being movable in a direction generally 
transverse to the longitudinal axis of said auger; and 
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selectively energizable control means for causing said wall 
. engaging means to extend from said auger head, anden 
gage the‘ bore wall during a selective portion of each 
auger revolution. , V f ._ , -‘ 

2. The apparatus of claim 1 wherein said control means is 
controllable from a point remote from'said auger head. 

3. The apparatu" of claiml wherein said control means 
comprises: ‘ , 

angular position indicating means mounted on and rotating 
with said auger; and _ 

means responsive to said angular position indicating means 
for generating control signals for said retractable means. 

4. The apparatus of claim 3 wherein said auger head in 
cludes a cylinder and wherein said retractable means com 

Prise-s; ’ . ' 

a ?uid-operated. piston, said piston being movable within 
said auger head cylinder; and 

bore wall engaging‘ means‘operatively connected to said 
piston. ‘ m 

5. The apparatus of claim 4 wherein said control signal 
generating means comprises; 

valve means operated by 
means; 

a source of pressurized ?uid; ' 
means connecting said ?uid source to said valve means; and 
means connecting said valve means tosaid auger head 

cylinder whereby operation of said valve by said rotating 
angular position indicating means results in periodic ex 
tension and retraction of said bore wall-engaging means. 

6. The apparatus of claim 5 wherein said valve means and 
said angular position indicating means are adjustably posi 
tionable relative to one another whereby extension of said 
bore wall engaging means along a preselected arc of the circle 

said angular position indicating ' 

Y 5 

15 

20 

25 

30 

35 

45 

6 
transcribed by said rotating auger may be obtained. 

7. The apparatus of claim 6 wherein said angular position 
indicating means comprises a cam mounted on said auger for 
rotation therewith. Y 

8. The apparatus of claim 7 wherein said value means com 
prises: - 

a hydraulic valve; and 
adjustable support means for said valve. said support means 

enabling the position of said valve means to be angularly 
adjusted relative to said auger cam and enabling said 
valve means to be moved into operative relationship with 
said cam when directional control of said auger is to be 
effected. . ‘ 

9. The apparatus of claim 7 wherein said wall engaging 
means comprises a cutter blade. 

10. The apparatus of claim 7 wherein said wall engaging 
means comprises a wedge. 

11. Directionally controllable earth boring apparatus com 
prising: > 

an elongated rotatable auger; 
an auger head mounted adjacent a ?rst end of said auger for 

rotation therewith; - 
retractable bore wall engaging means mounted in said auger 

head, said retractable means being movable in a direction 
generally transverse to the longitudinal axis of said auger; 

sensing means for sensing a deviation of said auger from a 
predetermined path; and _ 

control means responsive to said sensing means for causing 
said wall engaging means to extend from said auger head 
and engage the bore wall during a selective portion of 
each auger revolution to correct auger path deviations. 
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