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(57) ABSTRACT 

A pipe handling system includes a frame removably coupled 
to a drilling mast, a gripping arm moveably coupled to the 
frame, and a grip jaw extending from the gripping arm to 
engage a drill pipe, wherein the gripping arm and the grip jaw 
are operable to move a drill pipe from within the drilling mast 
to a pipe storage area adjacent the drilling mast. Other 
embodiments include a pipe racker and a setback handling 
system disposed below the pipe racker to engage a lower end 
of the drill pipe, the setback handling system including a 
moveable pipe guide and a rotating table Supporting the pipe 
guide. In some embodiments, the rotating table also supports 
a pipe mover for moving the drill pipe to desired storage 
positions in a setback rack. Pipe handling methods are also 
disclosed. 
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DRILL PPE HANDLING AND MOVING 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit of U.S. 
Provisional Application Ser. No. 60/879,161, filed Jan. 8, 
2007, entitled Mast-Mounted Pipe Racking System. 

BACKGROUND 

0002 The present invention relates generally to methods 
and apparatus for handling pipes and other tubular members 
during well drilling and workover operations. More specifi 
cally, the present invention relates to systems for storing and 
handling pipe within a drilling mast. 
0003 Drilling masts are the vertical structures used to 
support the drill string while a well is being drilled. Masts are 
usually rectangular in shape as opposed to the generally pyra 
midal shape of a derrick. The rectangular shape offers very 
good stiffness that allows the mast to be moved to a horizontal 
position for transport. Thus, drilling masts are very common 
on portable land rigs. 
0004 Drilling masts also often have relatively compact 
footprints, which often limit space available for the vertical 
storage of pipe. A storage area for vertical pipe is often pro 
vided immediately adjacent to the drilling mast. As a stand of 
drill pipe is removed from the well it is manually guided from 
the wellbore to the storage area where it is captured at its 
upper end by a fingerboard and its lower end rests at or near 
the drill floor. The movement of the drill pipe to the finger 
board is often effectuated by rig personnel pulling or pushing 
the drill pipe to its proper location. Such movements of large 
sections of drill pipe can be hazardous to the rig personnel, 
both near the drilling mast's fingerboard and below at the drill 
floor. 
0005 Thus, there remains a need to develop methods and 
apparatus for pipe handling and drilling systems, which over 
come some of the foregoing difficulties while providing more 
advantageous overall results. For example, automating pipe 
handling procedures can eliminate personnel from the drill 
ing mast at the pipe racker and from the drill floor at the 
setback handler, thereby alleviating safety concerns. Also, 
removably coupling pipe handling components to the drilling 
mast can ease constraints on the limited drilling mast foot 
print. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 For a more detailed description of embodiment of 
the present invention, reference will now be made to the 
accompanying drawings, wherein: 
0007 FIGS. 1-10 illustrate side elevation views of a pipe 
racking system constructed in accordance with embodiments 
of the present invention; 
0008 FIGS. 11-15 illustrate top-down views of additional 
embodiments of the pipe racking system of FIGS. 1-10; 
0009 FIG. 16 illustrates a side elevation view of the 
mechanism of one embodiment of the pipe racking system of 
FIGS. 1-16: 
0010 FIGS. 17A-34 illustrate side elevation and top 
down views of a setback handling system constructed in 
accordance with embodiments of the present invention; and 
0011 FIGS. 35-40 illustrate a setback handling system 
constructed in accordance with further embodiments of the 
present invention. 
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DETAILED DESCRIPTION 

0012. In the drawings and description that follow, like 
parts are typically marked throughout the specification and 
drawings with the same reference numerals, respectively. The 
drawing figures are not necessarily to scale. Certain features 
of the invention may be shown exaggerated in Scale or in 
Somewhat schematic form and some details of conventional 
elements may not be shown in the interest of clarity and 
conciseness. The present invention is susceptible to embodi 
ments of different forms. Specific embodiments are described 
in detail and are shown in the drawings, with the understand 
ing that the present disclosure is to be considered an exem 
plification of the principles of the invention, and is not 
intended to limit the invention to that illustrated and described 
herein. It is to be fully recognized that the different teachings 
of the embodiments discussed below may be employed sepa 
rately or in any Suitable combination to produce desired 
results. 

Unless otherwise specified, any use of any form of 0013 
the terms “connect”, “engage”, “couple”, “attach”, or any 
other term describing an interaction between elements is not 
meant to limit the interaction to direct interaction between the 
elements and may also include indirect interaction between 
the elements described. Reference to the term “drill pipe' 
includes a variety of oilfield tubulars, including drill pipe, 
drill collars, casing, and tubing. Reference to the term “drill 
ing mast may also include other drilling structures extending 
above a drill floor to support equipment for downhole opera 
tions. In the following discussion and in the claims, the terms 
“including and “comprising are used in an open-ended 
fashion, and thus should be interpreted to mean “including, 
but not limited to...”. The various characteristics mentioned 
above, as well as other features and characteristics described 
in more detail below, will be readily apparent to those skilled 
in the art upon reading the following detailed description of 
the embodiments, and by referring to the accompanying 
drawings. 
0014 Referring now to FIG. 1, an embodiment of a pipe 
racking system 10 comprises frame 12, carriage 14, column 
16, and gripping arm 18. Racking system 10 is coupled to 
mast 20 above fingerboard 22. Gripping arm 18 is supported 
on the lower end of column 16, which extends downward 
from carriage 14. Carriage 14 is Supported by frame 12 and 
moves column 16 and gripping arm 18 So as to move pipe 24 
from well center into fingerboard 22. Column 16 controls the 
Vertical and rotational position of gripping arm 18 so that the 
gripping arm can engage pipe 24 at the proper height and 
move the pipe into its proper location within fingerboard 22. 
0015 FIGS. 2-6 illustrate the installation of pipe racking 
system 10 onto mast 20. Referring now to FIG. 2, racking 
system 10 can be transported to a drilling site on trailer 26. 
Racking system 10 is unloaded from the trailer, such as by a 
forklift, and set in an upright position where it can be pinned 
to mast 20, which is in a horizontal position, as shown in FIG. 
3. Referring now to FIG.4, once mast 20 has been raised to its 
Vertical position, gripping arm 18 is decoupled from its stor 
age lock 28 on frame 12 and raised slightly to clear frame 12. 
Column 16 is also raised for clearance from frame 12. Car 
riage 14 is rotated or pivoted until wheels 30 engage track 32 
on frame 12, as shown in FIG. 5. Carriage locks 34 are then 
released to allow carriage 14 to move relative to frame 12, as 
shown in FIG. 6. 
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0016 FIGS. 7-15 illustrate racking system 10 engaging 
pipe 24 for movement of the pipe into fingerboard 22. FIG. 7 
illustrates pipe 24 disconnected from the drill string and Sup 
ported by elevator 34 in a vertical position ready to be moved 
fromwell center. As shown in FIG. 8, the lower end of pipe 24 
is first moved off of well center to the setback under finger 
board 22. Referring now to FIG. 9, gripping arm 18 is then 
extended so that grip jaw 36 engages pipe 24 below elevator 
34. Once grip jaw 36 is engaged, elevator 34 can be released 
so that the pipe is Supported by racking system 10, as shown 
in FIG. 10. FIGS. 11-13 are now referred to, wherein the view 
is shifted to substantially above the system 10 and fingerboard 
22. Once pipe 24 is engaged, gripping arm 18 is rotated 
(shown in FIG. 12) and retracted (shown in FIG. 13) so as to 
move the pipe into fingerboard 22. Gripping arm 18 is then 
extended to move pipe 24 into its proper storage position 
within fingerboard 22, as shown in FIGS. 14-15. Once pipe 24 
is stored, racking system 10 is returned to its starting position 
and is ready to engage the next stand of drill pipe. 
0017. The mechanism of one embodiment of pipe racking 
system 10 is shown in FIG. 16. Carriage 14 comprises bridge 
40, articulated arm 42, and actuator or control cylinder 44. 
Bridge 40 is supported on frame 12 by wheels 30. Hydraulic 
cylinder 44 is connected to frame 12 and arm 42, which is 
pivotally coupled to the frame and bridge 40 such that exten 
sion and retraction of the hydraulic cylinder causes the articu 
lated arm to move the bridge along the frame. Column 16 
comprises post 50, vertical actuator or control cylinder 52, 
and rotation mechanism 54. Vertical cylinder 52 provides for 
the adjustment of the vertical position of post 50. Rotation 
mechanism 54 serves to rotate post 50 about its central axis. 
Gripping arm 18 comprises grip jaw 36, Supportarm 60, pivot 
arm 62, and actuator or control cylinder 64. Hydraulic cylin 
der 64 is coupled to support arm 60 and column 16 such that 
the vertical extension and retraction of the cylinder results in 
horizontal movement of grip jaw 36. 
0018. The pipe racking system 10 shown in FIGS. 1-16 
operates to control and position the upper end of a drill pipe 
stand as it is moved horizontally into and out of a pipe storage 
area, or setback. During operation of pipe racking system 10, 
the lower end of the drill pipe can be guided by rig personnel 
on the drill floor. In certain embodiments, a setback handling 
system may be utilized to capture and control the lower end of 
the drill string in the setback area, thereby eliminating the 
need for direct involvement of rig personnel. It should also be 
understood that the following embodiments of a setback han 
dling system can be used with other drilling structures extend 
ing above a drill floor, Such as a derrick, and also with a 
Vertical ground racking system wherein the setback area is on 
the ground or rig floor at the rig site. Description of the 
embodiments with reference to a drilling mast is for illustra 
tive purposes only. 
0019 FIGS. 17A and 17B illustrate one embodiment of a 
setback handling system 100 comprising rotating table 102 
having pipe guide 104 and pipe mover 106. Rotating table 102 
is slidingly disposed on tracks 108 that run through setback 
rack 110. Setback rack 110 is positioned on drill floor 112 
between well center 114 and pipe ramp 116. Setback rack 110 
also comprises support beams 118 and capture funnel 120. 
0020 FIGS. 17 A-24B illustrate setback handling system 
100 being used to guide single joints of drill pipe 122 into 
mast 124, or other drilling structure or rig site. Such as would 
happen during the beginning of drilling operations. With each 
of the figures, a top-down view of setback handling system 
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100 (such as FIG.17B) is included along with a side elevation 
view (such as FIG. 17A) in order to understand how the 
system is operating. In FIG. 17A, top drive 126 is in its lowest 
position and has been disconnected from drill string 128. Pipe 
elevator 130 is swung outward from well center 114 and is 
engaged with an upper end of drill pipe 122 on pipe ramp 116. 
Rotating table 102 is moved to its innermost position and pipe 
guide 104 is oriented toward pipe ramp 116. Top drive 126 is 
then moved back toward the top of mast 124 along with the 
elevator and drill pipe 122, as shown in FIG. 18A. 
0021. As the tailing or lower end of drill pipe 122 
approaches the top of pipe ramp 116, table setback handling 
system 102 is moved toward pipe ramp 116 and pipe guide 
104 is extended by actuator 115 so that rollers 132 contact 
drill pipe 122, as is shown in FIGS. 19 A-20B. As shown in 
FIGS. 21A and 21B, once drill pipe 122 clears pipe ramp 116, 
pipe guide 104 is returned to its upright position (FIG. 21A) 
by actuator 115 and rollers 132 are closed to capture the 
tailing end of the drill pipe (FIG.21B). Referring now to FIG. 
22A, once drill pipe 122 is captured, table 102 is moved 
toward well center 114. In FIG.22B, it is shown that table 102 
is rotated by an actuator so that pipe guide 104 can be 
extended such that the drill pipe hangs vertically from the 
elevator (not shown). Pipe guide 104 can then be released and 
retracted (as shown in FIGS. 23A and 23B) and drill pipe 122 
moved to well center 114 by the elevator (not shown) and 
aligned with drill string 128 (as shown in FIGS. 24A and 
24B). 
0022 FIGS. 25A-34B illustrate setback handling system 
100 being used during a tripping operation to store drill pipe 
in the setback area. As is shown in FIGS. 25A-27B, a stand of 
drill pipe 122 is disconnected from drill string 128 and its 
lower end is guided to guide funnel 120 by rollers 132 of pipe 
guide 104. Once drill pipe 122 is set in guide funnel 120, as is 
shown in FIG. 28A, pipe guide 104 is disengaged and table 
102 is rotated ninety degrees, shown by arrow 134, so that 
pipe mover 106 is aligned with guide funnel 120. 
(0023 Referring now to FIG. 29, pipe mover 106 com 
prises engagement finger 140, actuator or lift cylinder 142, 
push/pull mechanism 144, and sled 146. Sled 146 is slidably 
coupled to table 102 and is moved horizontally by push/pull 
mechanism 144. In certain embodiments, push/pull mecha 
nism is a push-pull chain or a rigid chain. Engagement finger 
140 is moveably mounted to sled 146 such that lift cylinder 
142 controls the vertical position of the finger. 
0024 Pipe mover 106 engages drill pipe 122 by raising 
engagement finger 140 underneath the drill pipe as shown in 
FIG.30A. Lift cylinder 142 raises engagement finger 140 so 
that drill pipe 122 clears guide funnel 120 and push/pull 
mechanism 144 moves sled 146 back toward the center of 
table 102 as shown in FIGS. 31A and 31B. Referring now to 
FIGS. 32A and 32B, table 102 is then rotated ninety degrees 
so that sled 146 is aligned with slot 148 between support 
beams 118. As shown in FIGS. 33-34, oncealigned, push/pull 
mechanism 144 moves sled 146 and drill pipe 122 outward to 
a desired storage position and lowers engagement finger 140 
so that the drill pipe is supported on beams 118. 
0025 FIGS. 35 and 36 illustrate an embodiment of a set 
back handling system 200 comprising rotating table 202, pipe 
guide 204, and pipe mover 206. Table 202 is slidably mounted 
on rails 208 that extend through storage beams 210. FIGS. 
37-40 illustrate the use of setback handling system 200 in the 
moving of tubular member 308 from pipe erector 300 to well 
center 304. Tubular member 308 is moved from a horizontal 
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storage position to a vertical position by pipe erector 300 
where it is supported by vertical support structure 302 as 
shown in FIG. 37. Pipe guide 204 engages tubular member 
308 as it is raised above drill floor 306, as shown in FIG. 38. 
Referring now to FIGS. 39 and 40, table 202 rotates and 
moves toward well center 304 so that tubular member 308 can 
be picked up and moved to the well center 304 by the elevator 
(not shown). 
0026. It is understood that the embodiments of the pipe 
handling and racking systems described herein can be used 
with a variety of oilfield tubulars, including drill pipe, drill 
collars, casing, and tubing. Other tubulars are also included, 
and reference to drill pipe is intended to encompass these 
oilfield tubulars. Likewise, a drilling mast may also refer to 
other drilling structures extending above a drill floor to sup 
port equipment for downhole operations. 
0027 Various disclosed embodiments include a pipe rack 
ing system having a modular frame and extendable arm 
assembly for connection to a drilling mast. The assembly 
includes a grip jaw that can be manipulated to move a drill 
pipe from a drill string to a stored position and vice versa. The 
manipulation includes at least vertical and rotational move 
ment of any one or all of the arm, grip jaw and drill pipe. 
Horizontal movements may also be used. Certain embodi 
ments include a setback handling system in the setback area 
for handling the lower end of the drill pipe. The setback 
handling system can be used to manipulate the lower end of 
the drill pipe for make up with a drill string, or for movement 
to storage positions in the setback area. The setback handling 
system may include various combinations of a pipe guide, a 
pipe mover, and a slidable and rotatable table each having 
actuators for automated movement, along with a setback rack 
having storage slots for the drill pipe. Some embodiments 
also include a pipe erector and vertical Support structure. In 
Some of the disclosed embodiments, the movements and 
manipulations of the drill pipe from the drill String to a storage 
position or vice versa are achieved by using structures that 
move relative to each other via actuators, such as control 
cylinders, such that rig personnel is not needed. The reduction 
or elimination of rig personnel involvement may also be 
known as being “automated' or “automatic.” 
0028. While specific embodiments have been shown and 
described, modifications can be made by one skilled in the art 
without departing from the spirit or teaching of this invention. 
The embodiments as described are exemplary only and are 
not limiting. Many variations and modifications are possible 
and are within the scope of the invention. Accordingly, the 
scope of protection is not limited to the embodiments 
described, but is only limited by the claims that follow, the 
scope of which shall include all equivalents of the subject 
matter of the claims. 

What is claimed is: 
1. A pipe handling system comprising: 
a pipe racker to engage an upper end of a drill pipe; and 
a setback handling system disposed below the pipe racker 

to engage a lower end of the drill pipe, the setback 
handling system comprising: 
a moveable pipe guide; and 
a rotating table Supporting the pipe guide. 

2. The pipe handling system of claim 1 further comprising 
an actuator coupled to at least one of the pipe guide and the 
rotating table. 
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3. The pipe handling system of claim 1 including an actua 
tor coupled to each of the pipe guide and the rotating table, 
thereby making the setback handling system operable auto 
matically. 

4. The pipe handling system of claim 1 wherein the rotating 
table is slidably disposed on tracks. 

5. The pipe handling system of claim 4 wherein the tracks 
extend through a setback rack having a plurality of slots for 
receiving the drill pipe. 

6. The pipe handling system of claim 1 wherein the pipe 
guide includes rollers, and the pipe guide is extendable to 
engage the rollers with a drill pipe on a pipe ramp. 

7. The pipe handling system of claim 1 further comprising 
a pipe mover including: 

a drill pipe engagement finger, 
a lift cylinder; 
a push or pull mechanism; and 
a sled. 
8. The pipe handling system of claim 7 wherein the sled is 

slidably coupled to the rotating table such that the sled is 
horizontally moveable by the push or pull mechanism, and 
the table is rotatable to place the sled at different rotational 
positions. 

9. The pipe handling system of claim 7 wherein the engage 
ment finger is moveably mounted to the sled such that the 
engagement finger is vertically moveable by the lift cylinder. 

10. The pipe handling system of claim 1 wherein the rotat 
ing table is rotatable to place the pipe guide at different 
rotational positions. 

11. The pipe handling system of claim 1 further comprising 
a guide funnel. 

12. The pipe handling system of claim 1 wherein the pipe 
racker includes a frame removably coupled to a drilling mast 
and an articulated gripping arm operable to engage and move 
the upper end of the drill pipe. 

13. The pipe handling system of claim 1 further comprising 
a pipe erector and a vertical Support structure disposed below 
the setback handling system for providing drill pipe to the 
setback handling system. 

14. A pipe handling system comprising: 
a setback rack disposed on a rig floor, the setback rack 

including a plurality of Support beams and slots provid 
ing a plurality of drill pipe storage positions; and 

a moveable table Supporting a plurality of moveable mem 
bers; 

wherein the moveable table and the moveable members are 
operable to move a drill pipe between a drill string and 
the plurality of storage positions. 

15. The pipe handling system of claim 14 wherein the 
moveable table and the moveable members are operable to 
place the drill pipe in a desired storage position. 

16. The pipe handling system of claim 14 wherein the 
operability of the moveable table and the moveable members 
is automated. 

17. The pipe handling system of claim 14 wherein the table 
is moveable on tracks disposed adjacent the Support beams 
and slots. 

18. The pipe handling system of claim 14 wherein the table 
rotatably supports an extendable pipe guide, a vertically 
moveable drill pipe engagement finger, a push or pull mecha 
nism and a sled horizontally moveable by the push or pull 
mechanism. 
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19. A pipe handling method comprising: 
extending a pipe guide from a table toward a drill pipe at a 

first location; 
engaging the pipe guide with the drill pipe; 
moving the table along with the pipe guide and the drill 

pipe to a second location; and 
transferring the drill pipe to the second location. 
20. The pipe handling method of claim 19 wherein: 
the first location is at a pipe ramp; and 
the moving the table includes sliding the table along a drill 

floor and rotating the table to move the pipe guide and 
the drill pipe to the second location adjacent a drill 
String. 

21. The pipe handling method of claim 19 further compris 
1ng: 

Supporting the drill pipe in a guide funnel; 
disengaging the pipe guide from the drill pipe; 
rotating the table to align a pipe mover with the drill pipe; 
engaging the pipe mover with the drill pipe; 
further rotating the table to align the pipe mover engaged 

with the drill pipe with a desired storage location; and 
wherein the second location is the desired storage location. 
22. A pipe handling system comprising: 
a frame removably coupled to a drilling mast; 
a gripping arm moveably coupled to the frame; and 
agripjaw extending from the gripping arm to engage a drill 

p1pe, 
wherein the gripping arm and the grip jaw are operable to 
move a drill pipe from within the drilling mast to a pipe 
storage area adjacent the drilling mast. 

23. The pipe handling system of claim 22 further compris 
1ng: 

a carriage pivotally and slidably coupled to a track on the 
frame; and 

a column extending down from the carriage and coupled to 
the gripping arm. 

24. The pipe handling system of claim 23 wherein: 
the column includes a vertically moveable post and a rota 

tion mechanism to rotate the post and the gripping arm; 
and 

the gripping arm is an articulated arm operable to move the 
grip jaw horizontally. 
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25. The pipe handling system of claim 24 further compris 
1ng: 

a first control cylinder coupled to the carriage to control the 
slidable movement of the carriage; 

a second control cylinder coupled to the post to control the 
Vertical movement of the post; and 

a third control cylinder to control the extension and retrac 
tion of the articulated arm. 

26. The pipe handling system of claim 22 wherein the pipe 
storage area includes a fingerboard, and the gripping arm and 
the grip jaw are operable to move a drill pipe from a drill 
string to a desired position within the fingerboard. 

27. The pipe handling system of claim 22 wherein the 
movement of the drill pipe is automated. 

28. The pipe handling system of claim 22 wherein the 
frame is removable to a truck for transport. 

29. The pipe handling system of claim 22 further compris 
ing a setback handling system disposed below the frame and 
operable to engage and move a lower end of the drill pipe. 

30. A pipe handling method comprising: 
moving a grip jaw from a drilling mast toward a drill pipe 

in a drill string; 
engaging the grip jaw with the drill pipe; 
moving the drill pipe to a desired storage position adjacent 

the drilling mast; and 
retracting the grip jaw away from the drill string. 
31. The pipe handling method of claim 30 further compris 

1ng: 
transporting a frame having the grip jaw on a truck; and 
coupling the frame to the drilling mast. 
32. The pipe handling method of claim 30 further compris 

1ng: 
extending an articulated arm coupled to the grip jaw; and 
rotating the articulated arm. 
33. The pipe handling method of claim 30 further compris 

1ng: 
engaging a lower end of the drill pipe with a setback han 

dling system; and 
using the setback handling system to control the lower end 

of the drill pipe during the moving of the drill pipe. 
c c c c c 


