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(67) Claim
1. An apparatus for tapping ari opening into an existing pipelir«e or the like under high

internal pressure, comprising:

an e'ongated tapping machine body having a means on the lower end for
attachment to a pipeline that is to be tapped,;

a feed screw positioned longitudinally inside the tapping machine body that
rotates about its longitudinal axis;

a boring bar connected to the feed screw for axial movement relative to the
boring bar upon relative rotation of the feed screw and poring bar, the boring bar
havirng means for attachment to a cutter for rotation by the boring bar and for
movement by the boring bar into and out of engagement with a pipeline;

means for rotating said feed screw;

a means for rotating said boring bar to tap a pipeline when moved into

engagement therewith by the relative rotation of said feed screw and said boring. -

bar; /2




(11) AU-B-14889/95 -2-
(10) 681002
means for sensing pipeline pressure;

means to control hydraulic fluid pressure inside said tapping machine body
based upon said pipeline L.essure to at least in part balance the forces applied to
said boring bar; and
means for controlling the speed of rotation of said feed screw and said

boring bar.
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Invention Title: HIGH PRESSURE TAPPING APPARATUS

The following statement is a full description of this invention, including

the best method of performing it known to us:
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HIGH PRESSURE TAPPING APPARATUS

Background Of The Iinvention

Description Of The Prior Art

The use of tapping machines for tapping openings in pipelines is well known. Prior
issued United States Patent Nos. 3,614,252 entitled "Tapping Apparatus”; 4,579,484
entitled "Underwater Tapping Machine®; and 4,880,028 entitled "Completion Machine"® are

exemplary of such devices.

The prior patents illustrate and describe techniques for tapping into a pipeline while
under pressure without interrupting transportation of gases or liquids through the pipeline.
Although the basic operation as set forth below remains the same, this invention improves
the operation in several ways, as set forth below, that work to increase the tapping

apparatus’ operating range and to provide energy efficient speed controls.
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SUMMARY OF T'HE INVENTION

Cutting an opening in the wail of a pipeline is difficult and time consuming and
requires well engineered and constructed tapping equipment which must withstand the
rigors of cutting through heavy gauge steel while under pressure. It is known that
pressure from a pipeline ats against the tapping apparatus, thus reducing the cutting
rate while increasirg operating loads across the internal working mechanisms of the
apparatus. The increased wear and tear on the tapping apparatus reduces its efficiency
and useful life. The present invention is directed toward a means by which tapping
apparatuses can work more efficiently and effectively when cutting into a pipeline with

high existing pressures.

Existing designs of tapping apparatuses are limited in their performance by high
pipeline pressures. Pipeline pressure acts on the projected area of the tapping apparatus
boring bar and generates a load across the apparatus feed screw and nut. The feed
screw mechanism is the primary means of advancing a boring cutting bit into a pipeline.
Increasing the load across the feed screw requires higher input torques to operate the
equipment. The higher loads result in increased stress throughout the structural

members of the tapping apparatus that may eventually result in premature failure.

It is an advantage that in an embodiment the present invention may
provide a tapping apparatus that will reduce operating loads across the
feed screw, thus reducing the amount of torque required to operate the tapping

apparatus at higher pipeline pressures. This may be accomplished by




using hydraulic power, gas power or even existing pipeline gas pressure or the like inside

the tapping machine body. The supply of pressure acts on the projected area of tﬁe

boring bar and generates a load across the feed screw and nut and related thrust

bearings. This load counterbalances the opposing pressure released from the pipel'iné,‘

which reduces the overall input torques required to operate the equipment. This in turn

reduces stress ordinarily imposed throughout the structural members, thus reducing

premature failure of key components.

It is a further advantage that an embodiment of the present invention may
provide a more energy efficient speed control. Currently the rotating speed of the
boring bar is controlled by the power unit pump shaft speed. Two main probiems
exist with this method: (1) the operator must adjust the rotating cutting speed via
the power unit by adjusting the power unit’'s speed; and (2) at slower cutting
speeds, the power unit engin2 may not perform at the optimal level necessary to

generate sufficient torque to penetrate the pipeline.

An embodiment of the present invention utilizes a load sensing pump and

circuitry that sets and maintains the rotating cutting speed at a substantiaily -

constant speed that is independent of the engine speed. Load sensing pumps of
this type maintain a constant pressure differential between the pressure required
to operate the load and the pump outlet pressure. The flow, in turn, is

proportional to the pressure control valve opening regardless of the pump shaft

speed.
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These and other advantages and features of this invention will be apparent
to those skilled in the art after consideration of this specification, including the attached

drawings and appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B represent an external view of a tapping apparatus employing

the principles of this invention, shown partially in cross-section.

Figure 2 is a schematic view of the hydraulic system of the tapping apparatus
illustrating the flow of hydraulic fluid for various operations performed by the apparatus

during a tapping operation.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

arring to the drawings and first to Figures 1A and 1B, the hot tapping apparatus. -
of this invention is illustrated partially cut-away. The manner of attaching tapping
machines to pipelines is well known. Prior issued United States Patent No. 4,880.028 A‘

entitled *Completion Machines"® is exemplary of such attachment. The contents of m,s 3

prior issued United States patent is incorporated herein by reference. For a detailed

description of such attachment, see Figures 1A and 1B and Col. 3, lines 10-31 of U.S. '

Patent 4,880,028.

Referring first to Figures 1A and 1B, a hot tapping apparatus is generally indica'ted ;

by the numeral 10. The apparatus includes a lower tubular member 12, a tubular housin.g‘

portion 14, a collar portion 16, a gear housing 18 and a cutter portion 19. Positioned o

concentrically in and coaxially with housing member 14 and tubular member 12isadrive

tube 20. Positioned concentrically in and coaxially with drive tube 20 is a boring bar 22.

Positioned conceritrically in and coaxially with boring bar 22 is a feed screw mechanism - s

24,

When a pipe!:ne to be tapped has fluid pressure therein such fiuid pressure causes
a load on the tapping apparatus components. When cutter portion 18 cuts into a pipeline - j
(not shown) to be tapped, the pipe pressure is upwardly exerted against the lower e‘nds g

of boring bar 22 and feed screw mechanism 24. This pipe pressure works against the

downward force of the boring bar and the feed screw as a cutter (not shown) that is T




attached to cutter portion 19 cuts through the pipe wall (not shown). When suficient

force is applied to rotate boring bar 22 and feed screw 24, internal threads 25 of tubular

drive member 27 mesh with the external threads 23 on the feed screw to axially advance

boring bar 22. Fluid pressure in the pipeline acts against the feed screw and therefore -

requires additional torque to rotate the feed screw.

The typical tapping apparatus as previously knov.n does not contain any fiuid or o L

cil. However, in this invention fiuid is placed within the tapping apparatus to reduce tiwe

load on the apparatus components, such as the boring bar and feed screw, caused by

pipeline pressure. The fiuid pressure within a pipeline being tapped is used to provide

a hydraulic signal that is used to apply hydraulic pressure to corponents of the tapping
machine to counter the upward pipe pressure. A reduction of the loads or the

components achieved by balancing pressure across the components, such as the boring

bar and feed screw, allows the tapping machine to operate more efficiently and effectively. |

Lower tubular member 12 has a lower end 28 that is configured to attach to a plug
(not shown) that, in turn, attaches to a pipeline (not shown) to be tapped. Lower end 28
has a tubular opening 30 that receives boring bar 22 and a small diameter opening 34
communicating with a passageway 32. Fluid pressure at opening 34 from a pipeline
being tapped communicates through passageway 32 to opening 40 which receives a
conduit 41 which connects with a sensing means 54 (See Figure 2). Sensing means 54

senses the amount of pipe pressure present at inlet 34 and by opening or closing fuid
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flow paths in the sensing means regulates the flow of fluid under pressure to inlet opening

62 in collar portion 16 (Figure 1A).

Regulated fluid from sensing device 54 enters opening 62, infiltrates drive bearings

64, and fiows through passageway 66 that is in communication with a reservoir area €8. |

The regulated fluid in reservoir area 68 applies a downward pressure against feed screw

mechanism 24 and boring bar 22 and helps balance the tension imposed on bearings 64.

Regulated fluid also enters longitudinal passageway 70 from reservoir area 68
located between an inner sidewall 72 of drive tube 20 and an outer sidewall 74 of boring
bar 22. The regulated fluid in passageway 70 communicates with passageway 102 to
allow regulated fluid pressure into area 63. Fluid pressure within area 69 helps to counter
the upward fiuid pipeline pressure applied against boring bar 22. This further reduces the
screw feed load and consequently reduces the torque required to operats the feed screw

to advance the boring bar.

Pressure in annular area 84 is released through opening 80 and second conduit

79 back to a hydraulic fluid sump as shown in Figure 2.




QPERATION OF THE TAPPING APPARATUS

Referring to Figure 2, pump 108 supplies hydraulic fluid pressure used to maintain
pressure within the interior of the tapping apparatus housing 14, the pressure being
applied to opening 62. By means of conduit 41 pressure is applied to sensing device 54.
The postticn of sensing device 54 is controlled by pressure within a pipeline being tapped
as soon as the cutter (not shown) penetrates the pipeline. The pipeline pressure is

applied from opening 40 by conduit 41 to control the position of sensing device 54.

Sensing device 54 has three positions controlled by pressure differential across the
device. wWhen the pressure at openings 40 and 62 ara the same, sensing device 54 is
in the middle position and no pressure from pump 108 is applied to the tapping
apparatus. When the pressure at opening 40 exceeds that within the tapping apparatus
as revealed at opening 62, sensing device 54 shifts so that pressure from pump 108 is
applied to opening 62. When this pressure equalized that of the pipeline interior, as
revealed at opening 40, sensing device 54 shifts to the middle or closed position. When
pressure within the tapping apparatus exceed that at opening 40 (the pipeline pressure
after a pipeline has been penetrated) sensing device 54 returns to the illustrated position
as shown in which opening 62 is connected to a hydraulic sump 36 to thereby drain fluid
from within the tapping apparatus. When pressure at openings 40 and 62 is again
balanced, the sensing device returns to the middle position. Thus, sensing device 54
automatically reguiates the pressure within the interior of the tapping apparatus to balance
the hydraulic forces applied zagainst the boring bar. This means that the feed screw does

not have to counter the force caused by the pipeline pressure Guring a boring operation.




Test valve 120 may be manually depressed before the tapping apparatus is put in
service to apply hydraulic pressure from pump 108 to the interior of the tapping apparatus
by way of conduits 60 and 79 to test the seals against leakage. Otherwise, valve 120 is

not involved in the automatic pressure balancing feature of the tapping apparatus.

Pump 122 supplies hydraulic pressure to actuate hydraulic motor 104 that rotates
boring bar 22 and hydraulic motor 106 that rotates drive train mechanism 109, 110, 100

(See Figure 1A) that rotates feed screw 24.

Rotation of the boring bar is controlled by valve 44 manually positioned by lever

46. One side of hydraulic motor 104 is always connected to fiuid sump 36. In the

position of valve 44 illustrated, both sides of motor 104 are connected to sump 36 so . -

motor 104 is not acuated. However, when lever 46 is pushed to move valve 44 to the
far right position, hydraulic force from pump 122 is applied to motor 104 to turn shaft
104A to rotate a wornin gear 104B which in turn rotates gear 98 (See Figure 1A) and
thereby boring bar 22. The speed of rotation of the boring bar is controilable by the

operator controlling the position of valve 44.

Valve 48 controls the direction of rotation of motor 106 and thereby the direction
and speed of rotation of feed screw 24. The position of valve 48 is controlled manualty
by the position of lever 50. The speed of rotation of the drive screw controls the

advancement or the withdrawal of the boring bar. That is, when feed screw 24 tums

10




faster than boring bar 22, the boring bar is advanced. When feed screw 24 turns slo@r‘ - 
than boring bar 22, the boring bar is withdrawn. More specifically, a chain-sprocket drivéf
is used to rolate feed screw 24 positioned inside boring bar 22. Threads on the feed
screw engage the boring bar and both are rotating due to the hydraulic drive motor and
chain-sprocket assemblies. The chain-sprocket drive is designed such that the feed
screw turns slight's faster than the boring bar. Speed differential between the two muSéé"'

the feed screw to advance or withdraw the boring bar.

Valves 44 and 48 are not snap action but are continuously variable in the opening
of their internal passageways. As the operator positions these valves Gndependenﬂy and
not at same time) fluid pressure from pump 122 is communicated to hydraulic motors 104
and 106, respectively. Fiuid pressure supplied to these mwotors is communicated back
to pump 122 flow control mechanism through conduit 108. Pump 122 flow control
mochanism, commonly known in the fluid pu- .r industry as the load-sensing typ:é;,l'
adjusts pump output 7ow tc maintain a constant pressure difference between its cuﬂef'
pressure and the pressure in conduit 169. As valve 44 or 48 is opened further, pump 122
supplies more flow to maintain the constant pressure difference. Hence, variable speed_
control of motors 104 and 106 is obtained independently of pump 122 shaft spe’ed
(engine speed) and only the pressure required to rotate the hydraulic motors 104 and 106

is supplied.

11




As has been described, the tapping tool is a device that enables one to perforrfj
a machining operation of drilling a hole into an existing pipeline. A drive trzin of gears,
sprockets, and feed screw provide the mechanical actions required to rotate and adv'an‘de :

the cutting driil bit.

Once a tap has been completed a clutch in the drive train is disengaged and the
boring bar can be extended or retracted by operating the feed motor 106 which'turhs

feed screw 24 only and rapidly extends or retracts boring bar 22.

Operation of the tapping tool is limited bv the pressure in the pipeline that the tap
is penetrating. The pressure acts on the projected area of the boring bar and genera’,te“,s‘”.
a load on the feed screw and related thrust bearings. Sufficient torque must be apphed
to the feed screw by the feed motor to overcome the load to either extend or retract ::‘thév-
boring bar. The limiting factor becomes the available torque from the fead motof‘t'ox
operate the tocl by applying hydraulic pressure inside of the boring bar the opposing-
force from the pipeline pressure is counteracted. This reduces the feed screw Ioad‘ ah‘d;
conseqt ontly reduces the torque required to operate the tapping apparatus at maximurﬁ'
pipeline pressures. The combination of a feed screw and hydraulically assisted boring -
bar creates % tapping tool that uses hydraulics to provide the operating thrust and the’ :

feed screw to mechanically control the advance rate of the boring bar and cutter.

12
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Hydraulic pressure is restrained within the tool body by various hydraulic seals.
Strategic placement and sizing of the seals can reduce the loads on the various bearings. o

The reduction in loads allows the iool to operate in higher pressure pipelines using the g

same or smaller components than previous designs.

Pressure inside the tapping tool is supplied by a pressure source 108. As

previousiy described, this pressure is controlled using pressure control valve 54 that

adjusts tapping tool pressure based on the pipeline pressure sensed at opening 34 atfh_é -

lower end of tapping device housing.

By using a special load sensing pump 122 and hydraulic circuitry it is passible o e
set and maintain rotating cutting speed at a constant and preset level independent of the -
speed at which the pump is driven. Such load sensing pumps of this type maintain g~~~ o
constant pressure differential between the pressure required to operate the load and the A

pump outlet pressure. Flow becomes proportional to control valve npening r=gardless

of pump shaft speed.

Thus, it can be seen from the above description the apparatus of this disciosure
is designed to provide a counter force to the pressure in a pipe to be tapped. The
counter force is generated by applying fiuid pressure on a projected area inside the o

tapping apparatus that opposes the projected area of the boring bar subjected to pipeline - e
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pressure. A load is then generated opposite to the direction of the load generated by a

pipeline pressure on the boring bar.

The claims and the specification describe the invention presented and the terms
that are employed in the claims draw their reaning from the use of such terms in the
specification. The same terms employed in the prior art may be broader in meaning than
specifically empioyed herein. Whenevsr there is a question between the broader definition
of such terms used in the prior art and the more specific use of the terms herein, the

more specific meaning is meant.

While the invention has been described with a certain degree of particularity, it is
manifest that many changes may be made in the details of construction and the
arrangement of components without departing from the spirit and scope of this disclosure.
it Is understood that the invention is not limited to the embodiments set forth herein for
purposes of exemplification, but is to be limited only by the scope of the attached c!airp |

or claims, including the full range of equivalency to which each element thereof is entitled.
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What is Claimed Is:
1.

An apparatus for tapping an opening into an existing pipeline or the like under high
internal pressure, comprising:

an elongated tapping machine body having a means on the lower end for
attachment to a pipeline that is to be tapped;

a feed screw positioned longitudinally inside the tapping machine body that
rotates about its longitudinal axis;

a boring bar connected to the feed screw for axial movement relative to the
boring bar upon relative rotation of the feed screw and boring bar, the boring bar
having means for attachment to a cutter for rotation by the boring bar and for
movement by the boring bar into and out of engagement with a pipeline;

means for rotating said feed screw;

a means for rotating said boring bar to tap a pipeline when moved into
engagement therewith by the relative rotation of said feed screw arid said boring
bar;

means for sensing pipeline pressure;

means to contro! hydraulic fluid pressure inside said tapping machine body
based upon said pipeline pressure to at least in part balance the forces applied to
said boring bar; and

means for controlling the speed of rotation of said feed screw and sazd

boring bar.
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Dated this 15th day of March 1995

TOW DELAWARE, INC.

An apparatus according to claim 1 wherein said boring bar is tubular having a

central longitudinally extending opening into which said feed screw extends.

An apparatus for tapping an opening into an existing pipeline or the iike,
comprising:
an elongated tapping machine body having a boring bar having means to
receive a cutter, tha boring bar being movable axially to move a cutter into and oﬁt
of engagement with a pipeline;
means to move said boring bar axially;
means to sense pipeline hydraulic pressure; and
means responsive to said pipeline hydraulic pressure to control hydraulic
pressure inside said tapping machine to at least in part balance the forces applied

to the boring bar during a cutting operation.

An apparatus according o claim 3 wherein said means responsive to said pipeline
hydraulic pressure is .. .ressure actuated valve responsive to differential pressure

between a pipeline and the interior of said tapping machine body.

An apparatus for tapping an opening into a pipeline substantially as herein

described with reference to any one of figures 1A to 2.

By their Patent Attorney
GRIFFITH HACK & CO.
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HIGH PRESSURE TAPPING APPARATUS

Abstr The Disclosur

An apparatus for tapping an opening into an existing pipeline that is under internal
pressure inciuding an elongated tapping machine body having means on one end for
attachment to a pipeline, a boring bar having a rotatable feed screw therein by which the
boring bar is axially positioned, and a pressure responsive valve actuated by differential
pressure between the interior of a pipeline and the interior of the tapping machine body
to control hydraulic pressure inside ths tapping machine body to thereby counterbalance

the hydraulic force applied to the boring bar.
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