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Figure 1

(57) Abstract: A grapple attachment for use with a drill pipe having a diameter, that may include first and second gripping members
& disposed on a rigid lateral member tiltable up to 40 degrees from the horizontal and preferably continuously rotatable, wherein each
of the first and second gripping members has a first and second claw and a bracket having a concave contact surface, each claw
having a concave gripping surface, wherein the surface of the bracket and the gripping surfaces of the first and second claws come
in contact with the drill pipe when the gripping member is in the closed position.
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Grapple Attachment for Use With Drill Pipes

Field

The present invention pertains to a grapple for grasping and manipulating drill
pipes used with a directional drilling rig that can be attached to a trackhoe, backhoe,

excavator or other piece of heavy construction equipment.

Background

Utility lines for gas, water, electricity and data are frequently buried
underground. An increasing popular method of installing these lines is to drill a hole
using a horizontal directional drilling technique. This technique allows the hole to
pass under existing structures such as roads or sewers and existing geographical
features such as rivers without disturbing them.

A typical horizontal directional drilling rig includes a frame on which is mounted a
drive mechanism that can be slidably moved along the frame and which is adapted to
rotate a drill string. Sliding the drive mechanism while rotating the drill string
advances the drill string into the ground to create a hole. The drill string includes a
drill head and a series of drill pipes. As the hole is lengthened, the drill string needs
to be lengthened to permit the drill head to dig further through the ground. This is
done by successively attaching drill pipes to the drill string as the drill is advanced
into the ground. The hole is typically started at an oblique angle to the ground. When
a desired depth is reached the drill head is directed to advance the hole in a
substantially horizontal direction. Towards the end of the hole, the drill head is
usually directed upwards at an angle until the drill string breaks through the surface.
When the hole has been bored, this operation is reversed and drill pipes are
successively removed from the drill string to shorten the drill string as it is retracted.

In a typical operation, the drill pipes are 32 feet long, have a 6 and 5/8 inch
diameter and weigh approximately 1325 pounds. The drill pipes are hauled to the
drilling site by truck and each pipe is individually lifted from the bed of the truck to
attach it manually to the drill string. This operation is typically carried out by an
excavator. A manual calipers, attached to the bucket of the excavator by a cable or

nylon strap, is secured around a drill pipe. Balancing the drill pipe in the calipers, an
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operator uses the excavator to lift the drill pipe to the drill rig. Two or more workers
steady and guide the drill pipe as it is moved into location by the excavator operator.
At the drill rig, the workers manually tilt and rotate the pipe into position. In a typical
operation, a drill pipe may be held horizontal or may be tilted about 12 degrees. A
drill pipe is typically not tilted more than 35 degrees. Once the drill pipe is positioned
as desired by the works and the excavator operator, the drill pipe is manually secured
to the drill string. This is a cumbersome and dangerous operation which requires
three or more workers (e.g., the one operating the excavator and at least two on the
ground). There is thus a need for a device which improves safety and ease of use

while reducing manpower.

Summary

One embodiment of the invention pertains to a grapple attachment for an
excavator or other suitable piece of heavy machinery. The grapple attachment
includes a bracket for attachment to the bucket attachment on an excavator, a swivel
assembly to permit the main body of the grapple attachment to rotate in either
direction and a main body pivotably connected to the swivel assembly at a pivot point
and with a hydraulic arm that permits the main body to be angled at up to 35 degrees.
The main body includes a pair of gripping members spaced apart on a rigid lateral
member. Each gripping member includes a first and second claw. The gripping
member may include a bracket having a curved contact surface and each of the claws
may include a curved gripping surface such that the gripping surface of the claws and
the contact surface are in contact with the drill pipe when grabbing the drill pipe. The
grapple attachment can be used to easily and efficiently move and angle the drill pipe
into position for attachment to the drill string with total control by the excavator
operator without the need for assistance and manipulation by other workers.

The above summary of some example embodiments is not intended to

describe each disclosed embodiment or every implementation of the invention.
Brief Description of the Drawings
The invention may be more completely understood in consideration of the

following detailed description of various embodiments in connection with the

accompanying drawings, in which:
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Figure 1 is a diagrammatic plan view of a grapple attachment according to the
invention;

Figure 2 is a diagrammatic side view of the grapple attachment of Figure 1;

Figure 3 is an diagrammatic exploded plan view of the grapple attachment of
Figure 1; and

Figure 4 is a diagrammatic orthogonal view of a main body 16 portion of a
grapple attachment.

While the invention is amenable to various modifications and alternative
forms, specifics thereof have been shown by way of example in the drawings and will
be described in detail. It should be understood, however, that the intention is not to
limit aspects of the invention to the particular embodiments described. On the
contrary, the intention is to cover all modifications, equivalents, and alternatives

falling within the spirit and scope of the invention.

Detailed Description

For the following defined terms, these definitions shall be applied, unless a
different definition is given in the claims or elsewhere in this specification.

All numeric values are hercin assumed to be modified by the term “about”,
whether or not explicitly indicated. The term “about” generally refers to a range of
numbers that one of skill in the art would consider equivalent to the recited value (i.c.,
having the same function or result). In many instances, the term “about” may be
indicative as including numbers that are rounded to the nearest significant figure.

The recitation of numerical ranges by endpoints includes all numbers within
that range (e.g., 1to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

Although some suitable dimensions ranges and/or values pertaining to various
components, features and/or specifications are disclosed, one of skill in the art, incited
by the present disclosure, would understand desired dimensions, ranges and/or values
may deviate from those expressly disclosed.

As used in this specification and the appended claims, the singular forms “a”,
“an”, and “the” include plural referents unless the content clearly dictates otherwise.
As used in this specification and the appended claims, the term “or” is generally

employed in its sense including “and/or” unless the content clearly dictates otherwise.
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The following detailed description should be read with reference to the
drawings in which similar elements in different drawings are numbered the same.
The detailed description and the drawings, which are not necessarily to scale, depict
illustrative embodiments and are not intended to limit the scope of the invention. The
illustrative embodiments depicted are intended only as exemplary. Selected features
of any illustrative embodiment may be incorporated into an additional embodiment
unless clearly stated to the contrary.

A grapple attachment 10 in accordance with the invention is depicted in
diagrammatic fashion in plan view in Figure 1, in side view in Figure 2 and in an
exploded plan view in Figure 3. The grapple attachment includes a bracket
attachment 12, a swivel assembly 14 and a main body 16.

The terms horizontal, vertical, lateral and like terms are used herein with
respect to the grapple attachment as depicted in Figure 1. Thus horizontal and lateral
are the left and right of Figure 1 and vertical is the up and down of Figure 1. For
example, the main body 16 may be said to extend in predominately a lateral direction.
This usage of the terminology should not be interpreted to mean that the components
so described must always be as described in an absolute sense. The grapple
attachment attaches to a hydraulic arm of a piece of heavy equipment and it is
possible, for example, to manipulate the grapple attachment so that the main body 16
is predominately vertical in an absolute sense. However, for the purposes of this
discussion, the vertical direction extends through the bracket attachment, the swivel
assembly and the main body and the horizontal direction is perpendicular thereto.

The grapple attachment is hooked up to an excavator or other piece of heavy
equipment. The term excavator is used throughout this description for the sake of
simplicity but other pieces of heavy equipment may be suitable for use with a grapple
attachment according to the invention. For example, the grapple attachment may be
used with a trackhoe, backhoe or any other piece of equipment having a suitable arm.

The bracket attachment 12 includes holes 18 to provide a mechanical interface
with a boom arm. The bracket is thus rigidly connected to the end of the stick arm
with no degrees of freedom. The bracket attachment as shown is suitable for
attachment to a standard stick arm. Any bracket suitable for rigid attachment to a
stick arm is within the scope of the invention. The bracket attachment may also

include pins sized to span the width of the bracket and fit within holes 18. The size
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and position of holes 18 may be varied as desired to adapt the bracket to a specific
excavator model.

The swivel assembly 14 includes a swivel assembly housing 20 and a
hydraulic rotation control 22. The rotation control 22 is disposed in the center of the
housing 20 and is rigidly connected thereto with bolts or other suitable fastener. One
end of the rotary control is attached to the bracket attachment 12 with bolts or other
suitable fasteners. The rotation control 22 can be operated to rotate the swivel
assembly 14 with respect to the bracket attachment about a vertical axis. The rotation
control preferably includes a hollow center throat (not shown) extending through the
device along a vertical axis to permit hydraulic lines or other conduits to be routed
through the center of the hydraulic rotation control 22. Swivel assembly housing 20
includes a housing 22 for receiving the hydraulic rotation control and a bottom
bracket 24 for pivotably connecting the swivel assembly to the main body 16.

In one alternative embodiment, the grapple attachment may include a “parking
brake” (not shown) mounted between the swivel assembly and the bracket attachment.
The parking brake may include a ring mounted on the swivel assembly and a spring
loaded hydraulic caliper mounted on the bracket assembly. Such a feature would
prevent rotational creep between the bracket attachment and the swivel assembly
when the grapple attachment is not in use. Of course, other devices are contemplated
which may provide a similar feature. For example the parking brake may be
electrically powered rather than hydraulically or may be manually activated or
deactivated with a lever, for example. Other alternatives such a manually activated
latch system extending between the bracket attachment and the swivel assembly are
also contemplated.

The main body 16 is pivotably connected to the bottom bracket 24 of the
swivel assembly and is also connected to the swivel assembly by a tilt arm 26
disposed to one side of the swivel assembly 14. The pivot connection includes a
central pin, a bushing such as a rubber bushing or a steel bushing and/or other
elements suitable to a load bearing pivot connection of this type. The tilt arm 26 is
pivotably connected to both the swivel assembly housing 20 and the main body and is
preferably a hydraulic arm. Both connections acting together ensure that the main
body can pivot about a horizontal axis up to a maximum of about 30 degrees from the
horizontal. In some embodiments that maximum is 40 degrees from the horizontal; in

other embodiment that maximum is 25 degrees from the horizontal.
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The main body includes a rigid lateral member 28 that has first and second
gripping members 30 disposed thereon. Each gripping member 30 may include a first
and second bracket 32 spaced apart by rods 34 and a first and second claw 36. Each
claw has a first hole for mounting the claw on and rotating the claw about a rod 34
and a bracket for mounting to one end of a hydraulic piston 38. The other end of the
hydraulic piston is mounted on another rod 34. The hydraulic piston serves to actuate
the claw between an open position and a closed position. The first and second claw of
each gripping member may be spaced laterally apart from each other as shown in
Figure 4 or may line up to open and close in the same plane.

Preferably, each bracket has a concave contact surface 40 that has a radius equal to
half the diameter of a drill pipe. A typical embodiment is built for use with a drill
pipe having a nominal 6 and 5/8 inch outer diameter. Alternatively, the concave
contact surface may have a radius that is slightly larger than half the diameter of a
drill pipe. Preferably, each claw has a curved gripping surface (indicated at 42) that
also has a radius that is half the diameter of a drill pipe. Each gripping member may
be configured so that the bracket contact surface 40 and gripping surfaces 42 of first
and second claws 36 come in contact with the drill pipe when closed over the drill
pipe. Preferably, and as depicted in Figure 2, each claw 36 has a profile that rapidly
tapers towards a free end. As the free end of the claw pictured has a convex side (the
gripping surface 40) and a concave side, the claw free end may be described as having
a profile like that of the end of a crescent moon. Of course, other tapering profiles are
contemplated. For example, a claw having a snub nose profile may be suitable for use
with some embodiments of the invention.

The gripping members are configured so that they open and close
simultaneously. When open, the gripping surfaces of the claws preferably extend no
more than the diameter of a drill pipe from a central vertical plane extending through
the width of the main body. For example, for a typical embodiment built for use with
a drill pipe of 6 and 5/8 inch diameter , each claw may extend no more than 6 inches
or no more than 5 and 1/2 inches from the central vertical plane of the main body. In
such a case the maximum distance between the free ends of first and second claws of
a gripping member, when looking at an end view of the gripping member as in Figure
2,1s 12 or 11 inches, respectively. This limit on the maximum expansion of the

gripping member may be made by selection and design of the parts of the gripping
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member such that it is physically impossible to further expand the claws of the
gripping member or may be done through electronic controls and software.

Of course, other embodiment are contemplated which are adapted for pipes of
other diameters. Other standard drill pipe diameters are (all in inches) 2 3/8, 2 7/8, 3
1/2,4,41/2,51/2,6 5/8,7 5/8 and 8 5/8. The gripping members including the claws
and the brackets may be particular adapted for one or more of these standard drill pipe
sizes or with a pipe of a different diameter in mind.

The hydraulic rotation control 22, the hydraulic arm 26 and the hydraulic
pistons 38 require a hydraulic power source. In a preferred embodiment, the grapple
attachment 10 also includes a hydraulic manifold (not shown). Hydraulic power lines,
electrical power lines and control lines are connected to the manifold and hydraulic
power is sent through the manifold as desired to operate the hydraulic accessories.
The hydraulic power lines may be routed through the throat of the hydraulic rotation
control to keep them inside the grapple attachment and protect them during operation.

A grapple attachment according to the invention may also include control
members which can be attached to the control panel of the cab of the excavator using
conventional methods.

In contemplated alternative embodiments, the rotation control, tilt arm and
claws need not be hydraulically operated. For example, in one contemplated
embodiment the rotation control is an electric motor or may be an electrically
powered ring gear mechanism. Further, power may be transmitted through the
rotation control using brushes so that the main body can be rotated continuously with
respect to the bracket attachment. The tilt arm may be a hydraulic arm, a screw-type
actuator or other actuator suitable for the purpose. In one alternative embodiment, the
tilt arm is replaced by an electric motor disposed at the pivot point. Likewise, in some
alternative embodiments, the claws may be actuated using a screw-type actuator, a
cam shaft or other suitable system. It can thus be seen that the invention is not limited
to hydraulically powered embodiments.

In use, an excavator operator can unhook a bucket from a boom arm using a
control on the control panel and can then maneuver the free end of the boom arm over
to a grapple attachment and mechanically connect the grapple attachment to the boom
arm from within the excavator cab. Next, someone makes the hydraulic and electrical

connections between the grapple attachment and the accessory lines of the excavator
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and the controls are installed in the excavator control panel to complete the set-up
process.

The excavator operator can manipulate the grapple attachment by bending and
moving the stick of the excavator and can also operate the hydraulic rotation control,
tilt arm and gripping members of the grapple attachment. Operation of the hydraulic
rotation control causes the swivel assembly and the main body to rotate in a horizontal
plane. Preferably, the swivel assembly and main body can rotate continuously in
either direction. Operation of the tilt arm causes the main body to rotate out of the
horizontal plane. In some embodiments, the main body can rotate out of the
horizontal plane up to 35 degrees, 30 degrees or 25 degrees. Operation of the
gripping members causes the claws to open and close.

Once the grapple attachment is installed on the excavator, it can be used to
move drill pipes. A drill pipe can be grabbed using the grapple attachment and moved
to the drilling rig. The grapple attachment is configured to aid the operator in
gripping a pipe. The maximum width between the claws prevents the gripping
members from spanning the top of more than one pipe. As the gripping members are
lowered, the profile of the claws guides the claws down the curved outer surfaces
between two pipes and the narrow free ends of the claws permit the claws to more
easily fit between adjacent pipes. Once the claws are past the center line of the pipe,
the operative may climb the pipe up into the grapple attachment. Alternatively, the
operator may fully lower the grapple attachment down onto the pipe. The drill pipe is
then moved over to the drill rig and angled into place to be attached to the drill string.
The operation can be easily repeated and can be casily reversed when withdrawing
and disassembling the drill string.

It will thus be appreciated that a grapple attachment according to the invention
can be used to pick up and manipulate a heavy and bulky drill pipe easily and
efficiently to any position required with a horizontal directional drilling rig.

Those skilled in the art will recognize that the present invention may be
manifested in a variety of forms other than the specific embodiments described and
contemplated herein. Accordingly, departure in form and detail may be made without
departing from the scope and spirit of the present invention as described in the

appended claims.
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Claims

What is claimed is:

1. A grapple attachment for use with a drill pipe having a diameter, comprising:

first and second gripping members disposed on a rigid lateral member, each
of the first and second gripping members being movable between an open position
and a closed position;

a swivel assembly attached to the lateral member by a first joint that has one
degree of rotational freedom;

an attachment bracket attached to the swivel assembly by a second joint that
has one degree of rotational freedom;

a powered extendable arm attached on a first end to the lateral member and on
a second end to the swivel assembly that moves the lateral member about the first
joint up to 35 degrees with respect to the swivel member; and

a motor disposed in the swivel assembly that can rotate the swivel assembly
about the first joint,

wherein a first axis extends through the lateral member, the swivel assembly
and the bracket and wherein the degree of freedom of the first joint is perpendicular to
this axis and the degree of freedom of the second joint is parallel to this axis,

wherein each of the first and second gripping members has a first and second
claw and a bracket having a contact surface, each claw having a gripping surface,
wherein the surface of the bracket and the gripping surfaces of the first and second
claws come in contact with the drill pipe when the gripping member is in the closed

position.

2. The grapple attachment of claim 1 wherein the bracket surface is concave and

has a radius that is half the diameter of the drill pipe.

3. The grapple attachment of claim 2 wherein the gripping surface of each of the
first and second claws of the first and second gripping members is concave and has a

radius that is equal to the radius of the bracket surface.
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4. The grapple attachment of claim 1 wherein each of the first and second
gripping members has a maximum distance from a central vertical plane of the

grapple attachment that is less than the diameter of the drill pipe.

5. The grapple attachment of claim 1 wherein the first gripping member is spaced

apart at least two feet from the second gripping member.

6. The grapple attachment of claim 1 wherein each of the first and second claws
of the first and second gripping members has a free end shaped like the end of a

crescent moon.

7. The grapple attachment of claim 1 wherein the swivel assembly can rotate at

least 450 degrees from a first position with respect to the backhoe bracket.

3. The grapple attachment of claim 7 wherein the swivel assembly can rotate

continuously with respect to the backhoe attachment.

9. The grapple attachment of claim 1 wherein the maximum freedom of motion

between the lateral member and the swivel assembly is 35 degrees.

10. The grapple attachment of claim 1 further comprising a control assembly
having a control which moves the first and second gripping members between their

open and closed positions simultaneously.

11. The grapple attachment of claim 1 wherein the extendable arm and motor are
hydraulically powered.
12. The grapple attachment of claim 1 wherein the grapple attachment is

configured to operatively connect to an excavator in place of a bucket attachment.

13. The grapple attachment of claim 1 wherein each of the first and second

gripping members is hydraulically actuated between the open and closed positions.

10
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14. The grapple attachment of claim 1 wherein in each of the first and second
gripping members, the first claw is spaced apart from the second claw along the first

axis.

15. The grapple attachment of claim 1 wherein the motor is a hydraulic rotator.

16. A grapple attachment for use with a drill pipe having a diameter, comprising:
A main body having a rigid lateral member, the main body at least partially defining a
groove that can partially receive the drill pipe, and including a first, second, third, and
fourth claws spaced out from each other along the later member wherein the first and
second claws have a concave gripping surface facing in a first direction and the third
and fourth claws have a concave gripping surface facing in a second direction
opposite the first direction wherein the first and second claws are separated from each
other by the third claw, wherein the claws have an open position and a closed position
and wherein when the claws are in the closed position around a drill pipe, the gripping
surfaces of the claws are in contact with drill pipe and clamp the drill pipe into a
position partially within the groove;

means for rotating the main body about a first axis perpendicular to an axis
extending laterally along the lateral member for approximately 360 degrees in one
direction;

means for rotating the main body about a second axis perpendicular to the first
axis and perpendicular to the axis extending laterally along the lateral member up to
30 degrees in one direction; and

means for attaching the main body to a boom arm of a backhoe.

16. The grapple attachment of claim 16 wherein the groove has a radius

corresponding to approximately have the diameter of the drill pipe.

17.  The grapple attachment of claim 16 wherein the groove is defined by a

plurality of brackets disposed on the rigid lateral member.

18. The grapple attachment of claim 16 wherein the first and second claw are

disposed at least three feet apart along the lateral member.

11
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19. The grapple attachment of claim 16 wherein the two means for rotating the

main body are hydraulically operated.

20. The grapple attachment of claim 16 wherein the means for rotating the main
body about a first axis perpendicular to an axis extending laterally along the lateral

member for approximately 360 degrees in one direction is electrically powered.

20. The grapple attachment of claim 16 wherein the means for rotating the main
body about a first axis perpendicular to an axis extending laterally along the lateral
member for approximately 360 degrees in one direction also permits continuous

rotation.

21. The grapple attachment of claim 16 wherein the concave gripping surfaces of

the claws each have a radius equal to approximately half the diameter of the drill pipe.

12
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