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ABSTRACT OF THE DISCLOSURE

-~

«Method and apparatusg for directional boring®

In directional boring using a boring apparatus
having a driven string and a drill head with an
excavating tool moving in an orbit about the
longitudinal axis of the string, the tool moves with
substantially constant angular veleocity when boring
straight ahead, but when boring aleong a curve it is
I stopped and set in vibration in order to obtain more

saenel accurate control of the curve.
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TITLE

Method and apparatus for directional boring.

FIELD OF THE INVENTION _

The invention relates to a method for directional
boring using a boring apparatus which permits boring to
be performed either straight ahead or along a curved
path, as desired, and to apparatus for putting the

method inte practice.

BACKGROUND AND PRIOR ART

Boring apparatus of this kind comprise a driven
drill string having a drill head the form of which may
vary widely. The drill string is usually mounted on a
carriage which runs on railg and is cornected to a
linear drive and has a xrotary and/or forward feed
(thrust) drive by which the string can be set in
rotation and pressed forward into the ground.

To enable directional boring to be performed, such
apparatus has a drill head having an eccentricity: that
is to say, the drill head is such that lateral steering
forces occur which bring about travel aleong a curve but
which can be overcome when boring straight ahead. To do
thig, during the straight-ahead boring the drill head
having the eccentricity rctates about- the axis of the
string with constant angular velocity so that the effect
of the eccentricity is lost., On going eéver to curve
boring the part exhibiting the eccentricity, or the

drill head, is kept stationary in a particular angular



10

156

20

25

30

2
position for a certain length of time, and remains in this angular position until
completion of the curved path or so long as the predetermined curved path is
maintained. If the drill head departs from the predetermined curve of the path, a
correction of the angular position is necessary until the predetermined path
curve is regained.

The nature of the drill string, of the eccentricity and of the drill head
varies widely from case to case. Thus, in one form, a drill head is connected to
a rotary/thrust string and has an oblique face which permits straight-ahead
boring so long as the drill head rotates uniformly and — in the absence of
rotation — curved boring by lateral displacement of the soil in front of the drill
head.

Some existing methods and apparatus for directional boring are based
on the principle that the drill string rotates during the straight-ahead boring and
accordingly the drill head describes an envelope which is larger — usually
substantially larger — than the diameter of the string or of the drill head, while
during the travel along a curve the drill does not rotate and is driven forward
only by thrust and/or impact.

When boring along a curve, however, the advance into the ground is
problematical, since the drill head is then not performing any excavating work,
but only displacement work. In the case of soft soils this is not a problem, but in
the case of harder or even stony soils the work of displacement required is quite
considerable. Hence as a result of the tool being stationary in general either
high thrust forces or special excavation methods are necessary. High thrust
forces require a string which is equali to the task, in particular one with adequate
resistance to buckling, with a correspondingly high weight, and can only be
manufactured with corresponding high machine effort. This also applies to the
case when the thrust when boring along a curve is effected by means of a
percussion device. in addition, high thrust forces require a correspondingly firm
anchorage, which is particularly difficult to provide in the case of boring
apparatus placed above ground and attached obliquely.
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On the other hand, however, the string must also not be too rigid, since
boring along a curve is only possible if the string is sufficiently elastic to bend to
the corresponding curvature.

In another existing boring apparatus the angled drill head, fitted at the '

5 end of a rotatable string, is provided with a concentric nozzle from which a high
pressure jet issues to loosen and excavate the soil located in front of the drill
head. While this apparatus avoids the need for high driving or thrust power
when boring along a curve, for this purpose it nevertheless requires very high
pump power to produce the fluid stream which excavates the soil. In addition,

10 the soil excavation by means of the fluid jet cannot be precisely controiled, so
that an accidental washout ¢an lead to the formation of a cavity larger than that
required for the forward travel. Such cavities can very easily lead to an
undesired directional deviation. Independently of this, the directional stability
when boring along a curve also suffers from the soil surrounding the drill head
15  becoming greatly softened by the excavation or flushing fluid.

Finally, the high fluid pressures required result in the introduction of
correspondingly large quantities of fluid into the ground, which is undesirable on
both environmentat and econemic grounds. For the pressure fluid is generally a
bentonite/water suspension, part of which remains in the ground while the major

20 part flows back along the drill string towards the launech pit, where the
suspension has to be collected and disposed of,

A further point is that the bentonite in the suspension brings about
considerable frictional wear both in the supply line to the drill head and in the
nozzle and as it flows back along the drill string.

25 It would be desirable, therefore, to provide a method and apparatus for
boring which, with relatively small mechanical outlay, permits of low-wear boring

along curves with high directional stability.
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SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided
method for directional boring using a boring apparatus including:

- a driven string and

- an excavating tool, wherein

- in the case of straight-ahead boring the tool moves on a circular
orbit and;

- in the case of boring along a curve the tool is stationary and is set
in vibration.

According to another aspect of the present invention, there is provided
apparatus including a drill string connected fo a rotary and thrust drive and at
least one tool arranged eccentrically to the driling axis and a vibrator.

The present invention uses a method which makes use of a boring
machine with a driven string and an excavation toal rotating round the
longitudinal axis of the string, which in the case of straight ahead boring rotates
at a substantially constant angular velocity. For boring along a curve, however,
the rotation of the tool is interrupted and the tool is set in vibration in order to
facilitate its penetration into the ground and to reduce the thrust work which has
to be performed to displace the soil. A further important advantage is that as a
result of the vibration only a relative low static friction occurs both on the string

and on the drill head.

i
i
&

o
O/ AlonisDavirSpechi 1314.doc



5

The tool can consist of a cutting and excavating edge on an oblique-face
drill head. When the drill head is not rotating, the oblique facé serves as a
steering face and causes the drill head to be deflected in the direction opposite
the oblique face. Moreover the drill head acts like a wedge and forces the soil
in front of the drill head to one side during travel along a curve. In the method
of the invention this does not require any expensive thrust drive, since a
substantial part of the work of displacementi is applied by a vibrator. Such a
vibrator can be tocated in the drill head, out of the ground, for example in the

starting pit'

/
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to one side of the drill string, or even in the driving
unit for rotation and advance of the string.

It is particularly advantageous to use a vibrator
which is releasably flange-mounted on te the side of the
drill string. By this means it is possible to operate
any conventional boring apparatus having a drill string
using the method of the invention: all that is require
is for the wvibrator to be moved whenever the currently

last section of the string has moved far encugh into the

_ground and a new section is attached.

A vibrator releaasably attached to the string may
comprise two half shells hinged together to as to
embrace the pipe in aitu and provided with releasable
locking meamé. Suitable locking means is, for example, a
threaded c¢lamping bolt wmounted pivotably on one of the
half-shells, and a lock-nut, which in the lo-cked state
bears on two lugs or en either side of a slot in the
other hali-shell.

The vibrator can ke fitted on a sliding carriage,
which. enables the vibrator to be brought up to the drill
string from the side and t-o move with the drill string
in the direction of advance,

The vibrator can also be comnected to a chuck to
grasp the drill string by means of two clamping jaws,

The vibrator can be demigned soc that at least part
of the oscillatory movement ig introduced inte the drill

string in the longitudinal direction.
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BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described in more detail,

by way of example, with reference to an embodiment shown

in the drawings, in which:

Fig. 1 shows a boring apparatus suitable for carrying
out the method of the invention, in action,

Fig. 2 showz a vibratoer console for flang-mounting
laterally on to a drill string,

Fig. 3 shows the console of Fig. 2 with a wvibrator
laterally on a drill string, and

Fig. 4 shows a vibrator with a chuck for fixing to

the drill string.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE
INVENTTION

In the method of the invention a bore 1 in the
ground 2 is produced by means of an elastic drill string
3 made up of individual pipes. At the end of the drill
atring 3 there is & drill head 4 with a steering face orx
bevel 5, which is connected non-rotatably to the drill
stxing 3. The front transverse edge of the bevel acts as
an excavating tool and on rotation of the string
describes an envelope about the longitudinal axis of the
gtring. In the drill head 4 a transmitter 6 is fitted
which tranamits data by radio to a receiver 7 which
relate to the depth of the drill head 4 below the
surface of the ground, the position of the drill head 4

in the ground, ite inelination, the angular position of
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the ateering face 5 relative to the longitudinal axis of
the drill head 4 and optionally the temperature at the
drill head 4. A radio connection between the transmitter
& and a receiver 7 is indicated by the broken line 8.

A further radio commection 9 commmicates the
above-wentioned data from the receiver 7 to a display
device 10 in the wvicinity of a carriage 12 located at
the start. This carriage 12 includes a rotary drive 13
for the drill string 3, a vibrator 14 acting on the
drill string 3 and a thrust drive 15. The drill string 3
ig coupled to the rotary and thrust drive by a drill
string connector 16.

From theAdisplay device 10 a cable connection 17
leads to a switch box 18 with an operator’s console, by
meangs of which it is possible wvia respective cable
connections 19 to control the rotary drive 13, the
vibrator 14 and the thrust drive 1S.

In place of the wvibrator 14 it is also possible to
use a vibrator 20 integrated in the drill head 4, which
is then contrelled via a lead (not shown) running
through the drill string 3.

The apparatus shown in Fig. 1 can be operated in
two different ways. If the drill string 3 is dxiven
rotating and thrusting through the ground 2, a straight
bore results. In this case the deflection of the
eccentrically acting drill head 4 which is made pessible
by the steering face 5 on the drill head is neutralized

by the uniform rotation of the drill string 3.



Boring along a curve using the apparatus shown in
Fig. 1 48 jinitiated by interrupting the retation of the
drill head 4, for examples in the control position or
angular position of the oblique face § shown, while the
thrust drive 15 continues to opérate and the vibrator 16
or the vibrator 20 in the drill head 4 is switched on.

A third variant for the arrangement of the wibrator
18 shown in Fig. 2 and Fig. 3. It comprises a console 21
with carrying strap 22 and a vibrator 23 fitted on the
console with a supply line 24 for supplying energy to
the vibrator. The congole 21 ig fixed to a half-shell
25, to which a counter-shell 27 is pivetably attached by
a hinge 26. On the countex-shell 27 a clamping bolt 28
with a spacer bushing 29 and a lock-nut 30 is pivotably
mounted.

When they are closed, the two shells 25, 27 smbraces
the string 3 and, when the lock-nut 30 is tightened, the

foot of the spacer sleeve 29 is supported on either side

of a slot 31 on the console 21, so that the vibrator 23
ia firmly connected to the string 3 by means of the two
half-shells 25, 27.

The wvibrator is moved along with the string 3 in
the direction ¢f thrust until a new string section is
attached to the string'3 located in the ground and has
to be connected to the drill string connector 16. The
lock-nut 30 is then lcosened and the two half-shells 25,
27 are folded apart in 6rder to transfer the vibrator 23

to the new string asection.
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The vibrator 23 shown in Fig. 4 is connected to a
chuck 32. For this purpose the vibrator is mounted on a

stirrup, to each end of which a hydraulic drive 34, 35

for a respective clamping jaw 36, 37 .is fitted. The

stirrup 33 is connected to a suspension 4§ by struts 38,

38,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. Method for directional boring using a boring apparatus including:

- a driven string and

- an excavating tool, wherein

- in the case of straight-ahead horing the too! moves on a circular
orbit and;

- in the case of boring along a curve the tool is stalionary and is set

in vibration.

2. Method as claimed in claim 1, wherein the tool is set in vibration during

the straight-ahead boring.

3. Apparatus when used for carrying out the method in claim 1 or claim 2,
including a drill string connected to a rotary and thrust drive and at least one

tool arranged eccentrically to the drilling axis and a vibrator.

4, Apparatus as claimed in ctaim 3, wherein the vibrator is connected to the

rotary drive.

5. Apparatus as claimed in claim 3, wherein the vibrator is fitted in a drili
head located at the front end of the drill string.

6. Apparatus as claimed in claim 3, wherein the vibrator is fitted on the drill

string.

7. Apparatus as claimed in claim 6, wherein the vibrator is mounted on a
console and is clamped on the drill string by means of two half-shells embracing

the string.

8. Apparatus as claimed in claim 3 or claim 6, wherein the vibrator is

connected to a chuck.

/7 \WnriciDavinSpech 11314 do¢
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9. Apparatus as claimed in claim 8, wherein the chuck includes two
opposed clamping jaws at least one of which is movably mounted and driven.

10.  Apparatus as claimed in one or more of claims 3 to 9, wherein at least
part of the vibration forces is introduced into the string in the longitudinal

direction.

11. A method for directional boring substantially as herein described and

illustrated with reference to the accompanying drawings.

12.  An apparatus for directional boring substantially as herein described and

illustrated with reference to the accompanying drawings.

DATED: 30 May 2000

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:

TRACTO-TECHNIK PAUL SCHMIDT SPEZIALMASCHINEN
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