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BI-DIRECTIONALLY RAISABLE DRILLING RIG MAST

BACKGROUND

1. FIELD OF THE DISCLOSURE

The present subject matter is generally directed to mobile drilling rig assemblies, and
in particular, to a bi-directionally raisable drilling rig mast to facilitate assembly and erection

of the mast from either the setback side or the drawworks side of a drilling rig.

2. DESCRIPTION OF THE RELATED ART

In many land-based oil and gas drilling operations, drilling rigs are delivered to an
oilfield drilling site by transporting the various components of the drilling rig over roads
and/or highways. Typically, the various drilling rig components are transported to a drilling
site on one or more truck/trailer combinations, the number of which may depend on the size,
weight, and complexity of the rig. Once at the drilling site, the drilling rig components are
then assembled, and the drilling rig assembly is raised to an operating position so as to
perform drilling operations. After the completion of drilling operations, the mobile drilling
rig is then lowered, disassembled, loaded back onto truck/trailer combinations, and
transported to a different oilfield drilling site for new drilling operations. Accordingly, the
case with which the various drilling rig components can be transported, assembled and
disassembled, and raised and lowered can be a substantial factor in the drilling rig design, as

well as the rig’s overall operational capabilities and cost effectiveness.

As drilling rig technologies have progressed, the size and weight of mobile drilling
rigs has significantly increased so as to meet the higher drilling load capabilities that are

oftentimes required to drill deeper wells, particularly in more mature oilfield formations. For
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example, it is not uncommon for many land-based mobile drilling rigs to have a 1500-
2000 HP capability, with hook load capacities of 1 million pounds or greater. Additionally,
there are some even larger 3000 HP mobile drilling rigs in operation, with hook and/or rotary

load capacities exceeding 1.5 million pounds.

However, as the capacity — and the overall size and weight — of mobile drilling rigs
increases, the size and weight of many of the various components of the rig also
proportionately increase, a situation that can sometimes contribute to an overall reduction in
at least some of the “mobility” characteristics of the rig. For example, a typical drawworks
for a 2000 HP mobile rig may weigh in the range of 80-100 thousand pounds, or even more.
Furthermore, individual sections of a drilling rig mast may be 30-40 feet or more in length,
and may weigh 20-80 thousand pounds. In many cases, such large and heavy components
require the use of a suitably sized crane so as to lift and position the various drilling
components during rig assembly. Accordingly, while each the various larger rig components
may be “transportable” over roads and/or highways from one oilfield drilling site to another,
the overall logistical considerations for using at least some higher capacity mobile drilling
rigs, e.g., 1500 HP and greater, may need to include having a crane present at a given drilling
site prior to the commencement of drilling operations in order to facilitate initial rig
assembly. Furthermore, a crane must also be present after the completion of drilling
operations so as to facilitate rig disassembly for transportation to other oilfield drilling sites.
As may be appreciated, the requirement that a crane be used during these
assembly/disassembly stages can have a significant impact on the overall cost of the drilling

operation, as well as the amount of time that may be needed to perform the operations.
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Accordingly, there is a need to develop and implement new designs and methods for
facilitating the assembly of modern mobile drilling rigs having higher operating capacities
without relying on the use of a conventional crane to facilitate the assembly and/or
disassembly the rig. The following disclosure is directed to the design and use of mobile

drilling rigs that address, or at least mitigate, at least some of the problems outlined above.

SUMMARY OF THE DISCLOSURE

The following presents a simplified summary of the present disclosure in order to
provide a basic understanding of some aspects disclosed herein. This summary is not an
exhaustive overview of the disclosure, nor is it intended to identify key or critical elements of
the subject matter disclosed here. Its sole purpose is to present some concepts in a simplified

form as a prelude to the more detailed description that is discussed later.

Generally, the subject matter disclosed herein is directed to mobile drilling rig
assemblies having a movable center floor section that may be used in conjunction with a
raisable rig substructure so as to facilitate the assembly and installation of large and/or heavy
drilling rig components, such as the drilling rig mast sections and the rig drawworks and the
like, without relying on the use of a conventional crane to lift and/or position the rig
components. The disclosed subject matter is also directed various aspects of bi-directionally
raisable drilling rig masts, which may be assembled and erected from either the drawworks

side or the setback side of an illustrative mobile drilling rig.

In one illustrative embodiment, a bi-directionally raisable drilling rig mast system is
disclosed that includes, among other things, a drilling rig mast having a bi-directional mast

erection connection, a first erection connection positioned proximate a first side of a rig
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substructure, and a second erection connection positioned proximate a second side of the rig
substructure, the second side being at an opposite side of the rig substructure from the first
side. The disclosed bi-directionally raisable drilling rig mast system further includes at least
one mast erection apparatus having an upper end that is adapted to be pivotably attached to
the bi-directional mast erection connection and a lower end that is adapted to be pivotably
attached to the first erection connection for erecting the drilling rig mast from the first side of
the rig substructure. Furthermore, the lower end is also adapted to be pivotably attached to
the second erection connection for erecting the drilling rig mast from the second side of the

rig substructure.

In another embodiment, an exemplary bi-directional drilling rig mast connection
system is set forth that includes, among other things, a first mast section having first and
second spaced-apart sides and including a first bi-directional connection apparatus positioned
at an upper end thercof. The disclosed bi-directional drilling rig mast connection system also
includes a second mast section having first and second spaced-apart sides and including a
second bi-directional connection apparatus positioned at a lower end thereof. Additionally,
the second bi-directional connection apparatus is adapted to engage the first bi-directional
connection apparatus so as to removably attach the second mast section to the first mast
section when the first and second mast sections are in a substantially horizontal orientation
and the respective first sides of the first and second mast sections are oriented in a
substantially upward direction. Moreover, the second bi-directional connection apparatus is
also adapted to engage the first bi-directional connection apparatus so as to removably attach
the second mast section to the first mast section when the first and second mast sections are
in a substantially horizontal orientation and the respective second sides of the first and second

mast sections are oriented in the substantially upward direction.
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Also disclosed herein is an illustrative method that includes, among other things,
positioning a lower end of a substantially horizontally oriented first mast section of a bi-
directionally raisable drilling rig mast adjacent to an upper end of a substantially horizontally
oriented second mast section of the bi-directionally raisable drilling rig mast, the upper end of
the first mast section being oriented in a first direction relative to a drilling rig substructure.
The disclosed method further includes engaging a first lower hook engagement connection
proximate the lower end of the first mast section with a first upper hook connection
proximate the upper end of the second mast section, the first lower hook engagement
connection and the first upper hook connection being positioned on respective first sides of
the first and second mast sections. Additionally, the illustrative method includes, after
engaging the first lower hook engagement connection with the first upper hook connection,
engaging a second lower hook engagement connection proximate the lower end of the first
mast section with a second upper hook connection proximate the upper end of the second
mast section, the second lower hook engagement connection and the second upper hook
connection being positioned on respective second sides of the first and second mast sections
that are opposite of the respective first sides. Finally, the disclosed method also includes,
after engaging the first and second lower hook engagement connections with the respective
first and second upper hook connections, raising the assembled bi-directionally raisable
drilling rig mast from a substantially horizontal orientation to a substantially vertical

orientation for drilling operations.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the following description taken in
conjunction with the accompanying drawings, in which like reference numerals identify like

elements, and in which:
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Figure 1A is a plan view of one embodiment of a raisable substructure of an

illustrative mobile drilling rig disclosed herein during an early rig assembly stage;

Figures 1B-1D are a side elevation views of the illustrative mobile drilling rig of
Fig. 1A during further rig assembly stages, wherein a movable center floor section according

to the present disclosure is being installed on the raisable substructure;

Figures 2A and 2B are side elevation view of the illustrative mobile drilling rig of
Figs. 1D and 1E, wherein a drilling rig mast section is being positioned adjacent to the

raisable substructure;

Figure 2C is a detailed view of a mast positioning lug on the movable center floor
section of the illustrative mobile drilling rig of Figs. 2A and 2B that is used for positioning

the drilling rig mast section on the raisable substructure;

Figures 2D and 2E are side elevation view of the illustrative mobile drilling rig of
Figs. 2A and 2B, after the drilling rig mast section of the illustrative mobile drilling rig has

been attached to the raisable substructure;

Figures 3A-3C are various views of the illustrative mobile drilling rig of Figs. 2D and
2E during further rig assembly stages, wherein a drawworks skid is being attached to the

movable center floor section;
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Figures 4A and 4B are various views of one embodiment of a support interface
between a movable center floor section and raisable substructure of an illustrative mobile

drilling rig disclosed herein;

Figures 4C-4E are various close-up views of illustrative fixed and movable spacers
positioned between the movable center floor section and the raisable substructure according

to one illustrative embodiment of the present disclosure;

Figures SA and 5B are various views of one embodiment of an illustrative support
post for the movable center floor section during an illustrative stage of rig assembly disclosed

herein;

Figures 6A-6E are various views of the illustrative mobile drilling rig of Fig. 3C
during further rig assembly stages, wherein the movable center floor section is being
temporarily supported by support posts while movable spacers are being positioned between

the movable center floor section and fixed spacers on the raisable substructure;

Figures 7A and 7B are various detailed views of the illustrative support post shown in
Figs. 6A-6E after the movable center floor section has been lowered onto the fixed and

movable spacers;

Figures 8 A-8K are various plan and elevation views of a mobile drilling rig of the
present disclosure that depict illustrative steps of using floor moving means to slidably move
an illustrative movable center floor section according to the present disclosure during various

stages of drilling rig assembly;
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Figures 9A-9D are side clevation views of an illustrative mobile drilling rig of the

present disclosure that includes a bi-directionally raisable drilling rig mast;

Figures 10A-10E are side clevation views showing various steps of assembling a
plurality of mast sections of an illustrative bi-directionally raisable drilling rig mast from the

setback side of a mobile drilling rig of the present disclosure;

Figures 10F-10J are side elevation views showing various steps of assembling the
illustrative bi-directionally raisable drilling rig mast of Figs. 10A-10E from the drawworks

side of a mobile drilling rig;

Figures 11A and 11B are side elevation views of an upper end of a first mast section
and a lower end of an adjacent second mast section, respectively, of one embodiment of bi-
directionally raisable drilling rig mast disclosed herein, showing an illustrative bi-directional

mast connection system;

Figures 11C and 11D are plan views of the upper end of the first mast section and the
lower end of the adjacent second mast section, respectively, showing the bi-directional mast

connection system of Figs. 11A and 11B, respectively;

Figures 11E and 11F are various end views the first mast section illustrated in
Figs. 11A and 11C when oriented for mast assembly and erection from the setback side of an

illustrative mobile drilling rig of the present disclosure;
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Figures 11G and 11H illustrate the assembly of the upper end of the first mast section
to the lower end of the adjacent second mast section of the illustrative bi-directionally
raisable drilling rig mast using the bi-directional mast connection system of Figs. 11A-11F

when assembled from the setback side of an illustrative mobile drilling rig disclosed herein;

Figures 111 and 11J illustrate the first mast section end views of Figs. 11E and 11F,
respectively, after assembly of the bi-directionally raisable drilling rig mast using the bi-
directional mast connection system as shown in Figs. 11G and 11H, and after the installation

of upper connection spacers.

Figure 11K is a plan view of the upper end of the first mast section and the lower end
of the adjacent second mast section shown in Fig. 11G after assembly of the mast sections

using an illustrative bi-directional mast connection system of the present disclosure;

Figures 11L and 11M are various end views of the first mast section illustrated in
Figs. 11A and 11C when oriented for mast assembly and erection from the drawworks side of

an illustrative mobile drilling rig of the present disclosure;

Figures 11N and 11P illustrate the assembly of the upper end of the first mast section
to the lower end of the adjacent second mast section of the illustrative bi-directionally
raisable drilling rig mast using the bi-directional mast connection system of Figs. 11A-11D,
11L and 11M when assembled from the drawworks side of an illustrative mobile drilling rig

disclosed herein,;
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Figures 12A-12D are perspective views showing various illustrative steps for
assembling two adjacent mast sections of a bi-directionally raisable drilling rig mast from the
setback side of an illustrative mobile drilling rig disclosed herein when viewed from a first
mast section side of the bi-directional mast connection system illustrated in Figs. 11A-11J;

and

Figures 12E-12H are perspective views showing the illustrative bi-directionally
raisable drilling rig mast assembly steps of Figs. 12A-12D when viewed from a second mast

section side of the bi-directional mast connection system illustrated in Figs. 11A-11J.

While the subject matter disclosed herein is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover all modifications,

equivalents, and alternatives falling within the spirit and scope of the invention.

DETAILED DESCRIPTION

Various illustrative embodiments of the present subject matter are described below.
In the interest of clarity, not all features of an actual implementation are described in this
specification. It will of course be appreciated that in the development of any such actual
embodiment, numerous implementation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-related and business-related
constraints, which will vary from one implementation to another. Moreover, it will be

appreciated that such a development effort might be complex and time-consuming, but would



10

15

20

25

WO 2013/163252 PCT/US2013/037906
11

nevertheless be a routine undertaking for those of ordinary skill in the art having the benefit

of this disclosure.

The present subject matter will now be described with reference to the attached
figures. Various systems, structures and devices are schematically depicted in the drawings
for purposes of explanation only and so as to not obscure the present disclosure with details
that are well known to those skilled in the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the present disclosure. The words
and phrases used herein should be understood and interpreted to have a meaning consistent
with the understanding of those words and phrases by those skilled in the relevant art. No
special definition of a term or phrase, i.e., a definition that is different from the ordinary and
customary meaning as understood by those skilled in the art, is intended to be implied by
consistent usage of the term or phrase herein. To the extent that a term or phrase is intended
to have a special meaning, i.e., a meaning other than that understood by skilled artisans, such
a special definition will be expressly set forth in the specification in a definitional manner

that directly and unequivocally provides the special definition for the term or phrase.

Generally, the subject matter disclosed herein is directed to mobile drilling rig
assemblies having a movable center floor section that may be used in conjunction with a
raisable rig substructure so as to facilitate the assembly and installation of large and/or heavy
drilling rig components, such as the drilling rig mast sections and the rig drawworks and the
like, without relying on the use of a conventional crane to lift and/or position the rig
components. The disclosed subject matter is also directed various aspects of bi-directionally
raisable drilling rig masts, which may be assembled and erected from either the drawworks

side or the setback side of an illustrative mobile drilling rig.
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Figure 1A is a plan view of an illustrative mobile drilling rig 200 during an ecarly stage
of drilling rig assembly. As shown in Fig. 1A, the mobile drilling rig 200 may include a
raisable substructure 100 that is positioned adjacent to a well location 190. In some
embodiments of the present disclosure, the raisable substructure 100 may be made up of two
separate substructure assemblies: a first substructure box 101 (sometimes referred to as the
driller-side box); and a second substructure box 102 (sometimes referred to as the off-driller-
side box). Additionally, the raisable substructure 100 may be positioned as shown in Fig. 1A
so as to define an open space 100s between the substructure boxes 101 and 102, and the
substructure boxes 101, 102 may be aligned substantially along a well centerline 190x so as
to straddle the well location 190. In certain illustrative embodiments, the open space 100s
may be sized so that a truck/trailer combination hauling various drilling rig components can
be moved between the substructure boxes 101, 102 during at least some rig assembly stages,

as will be described in further detail below.

The raisable substructure 100 may also include a plurality of cross braces 100c (one
shown in Fig. 1A near the setback or front side 200f of the mobile drilling rig 200) that can
be pivotably attached to one or both of the substructure boxes 101, 102. In certain
embodiments, the cross braces 100c may be used to facilitate proper alignment and spacing
between the substructure boxes 101 and 102, whereas at least some of the cross braces 100c
may be disconnected from one of the substructure boxes 101 and 102 and pivoted away so as
to allow a truck/trailer combination to be moved into the open space 100s, as noted above.
When entry into the open space 100s by a truck/trailer combination is no longer required, any
disconnected cross braces 100c may be reconnected to a respective substructure box, as may

be required for overall structural stability.
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In at least some embodiments, the substructure box 101 may include an upper box
101u and a lower box 101L, and the substructure box 102 may include upper and lower boxes
102u and 102L, respectively. As shown in Fig. 1A, the upper boxes 101u, 102u have
respective front ends 101f, 102f (i.e., oriented toward the front side 200f of the mobile
drilling rig 200) and respective back ends 101b, 102b (i.e., oriented toward the back side
200b). Furthermore, the substructure boxes 101, 102 may ecach be configured so that, during
the various stages of rig assembly, erection, and/or disassembly, the upper boxes 101u, 102u
can be raised above the respective lower boxes 101L, 102L and lowered again as required,
and as will be described in additional detail below. In the illustrative embodiment depicted in
Fig. 1A, the substructure boxes 101, 102 are shown in a collapsed configuration — i.e., with
the upper boxes 101u, 102u in a lowered position relative to the respective lower boxes 101L,

102L.

Also as shown in Fig. 1A, the upper boxes 101u and 102u may include, among other
things, a drilling floor section 109s along the top surfaces thereof, with a mast shoe 103 and a
front leg support shoe 104 positioned above the drilling floor section 109s. In certain
embodiments, each mast shoe 103 may include a pin hole 103h (see, Fig. 1C) of a suitably
designed pinned connection, which may be used during a subsequent rig assembly stage to
pivotably attach the rear legs of a drilling rig mast, e.g., the rear support legs 131 of the
bottom mast section 130 shown in Figs. 2A-2E and described below, to the upper boxes
101u, 102u during a later rig assembly stage. Similarly, each front leg support shoe 104 may
also include a pin hole 104h (see, Fig. 1C) of a suitably designed pinned connection, which
may be used to removably attach the front legs of a drilling rig mast to each of the upper

boxes 101u and 102u, such as the front leg braces 132 of the bottom mast section 130
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illustrated in Figs. 2A-2E, after the drilling rig mast of the mobile drilling rig 200 has been

erected.

In certain illustrative embodiments, each of the upper boxes 101u and 102u may
further include floor sliding means that may be adapted to facilitate a sliding movement of a
movable center floor section installed thereon during a later rig assembly stage, such as the
movable center floor section 120 shown in Figs. 1B-1E, also described below. For example,
in at least some embodiments, the floor sliding means may include, among other things, a
plurality of roller wheel supports 105 that are rotatably mounted in respective center floor
support members 115 that are disposed along inside edges 1011 and 1021 of the upper boxes
101u and 102u, respectively. In at least some embodiments, the plurality of roller wheel
supports 105 may permit the movable center floor section 120 to be rolled, or slidably
moved, between the upper boxes 101u and 102 during the further assembly stages of the
mobile drilling rig 300, as will also be discussed in additional detail below. Furthermore, it
should be appreciated that, while Figs. 1A-1E depict floor sliding means that includes, among
other things, five roller wheel supports 105 mounted on each upper box 101u, 102u, the total
number of roller wheel supports 105 may vary, e.g., a fewer or greater number may actually
be used, depending on the specific design of the substructure boxes 101, 102 and the movable
center floor section 120. Moreover, it should also be understood that other suitable floor
sliding means, such as low-friction contact surfaces and the like, may also be used to
facilitate the sliding movement of the movable center floor section 120, depending on the
various design parameters of the mobile drilling rig 300, such as overall rig size, anticipated

dead and/or live loading conditions, etc.
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Additionally, a plurality of fixed spacers 117f and movable spacers 117m (generally
illustrated in Fig. 1A and noted together as spacers 117) may also be disposed along each
center floor support member 115, additional details of which are provided in Figs. 4A-7B and
described below. In certain embodiments, the plurality of fixed and movable spacers 117f,
117m may be adapted to transfer the load of the movable center floor section 120 to each
center floor support member 115 when the movable center floor section 120 has been moved
to certain fixed positions, such as, for example, a final rig operating position, and the like.
See, e.g., Figs. 6A-7B and the accompanying description set forth below. Accordingly, it
should be understood that each center floor support member 115 may be appropriately
adapted so as to transfer any loads on the movable center floor section 120, including dead

loads and/or live loads and the like, to the respective substructure boxes 101, 102.

Figure 1B is a side elevation view of the mobile drilling rig 200 of Fig. 1A during a
further illustrative rig assembly stage, i.e., wherein the movable center floor section 120
noted above has been positioned adjacent to the raisable substructure 100, while Fig. 1C is a
blow-up view of a portion of Fig. 1B showing some aspects of the rig 200 in additional detail.
As shown in Figs. 1B and 1C, the movable center floor section 120 may be positioned on a
trailer 151, and a truck 150 may be used to move the trailer 151 with the movable center floor
section 120 positioned thereon along the ground 180 and into the open space 100s (see,
Fig. 1A) between the substructure boxes 101 and 102. In some illustrative embodiments, the
truck 150 and trailer 151 may be used to move the movable center floor section 120 at least
partially into the open space 100s from the front side 200f of the mobile drilling rig 200 (see,
Fig. 1A). However, it should be appreciated by those of ordinary skill after having full
benefit of the subject matter disclosed herein that, in other embodiments, the movable center

floor section 120 may also readily be moved into position, i.e., at least partially into the open
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space 100s, by the truck 150 and trailer 151 from the back side 200b (sometimes referred to

as the drawworks side) of the mobile drilling rig 200.

In some embodiments, the movable center floor section 120 may include two side
support beams 123, each being disposed along opposing sides of the movable center floor
section 120. Furthermore, in those exemplary embodiments wherein the floor sliding means
includes a plurality of roller wheel supports 105, a bearing plate 124 may be attached to the
lower side of each side support beam 123, and may be adapted to come into rolling contact
with one or more of the plurality of roller wheel supports 105 positioned along the inside
edges 1011, 102i (see, Fig. 1A) of the respective upper boxes 101u, 102u when the movable
center floor section 120 is slidably moved along the well centerline 190x between the
substructure boxes 101 and 102. Additionally, a drilling floor section 109¢ may be
positioned on the top surface of the movable center floor section 120, which may be
substantially aligned with the drilling floor sections 109s on the upper boxes 101u, 102u after
the movable floor section 120 has been installed on the substructure 100, as will be further

described below.

In certain disclosed embodiments, one or more mast positioning lugs 121 may be
attached to a front end 120f of the movable center floor section 120, i.e., on the end of the
movable center floor section 120 that is oriented toward the setback or front side 200f of the
mobile drilling rig 200 (see, Fig. 1A). Depending on the type and configuration of drilling
rig mast used on the mobile drilling rig 200, the mast positioning lugs 121 may be adapted to
facilitate movement and positioning of, for example, at least a bottom mast section of the

drilling rig mast so that it can be pivotably attached to the pin hole 103h on each of the mast
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shoes 103 of the raisable substructure 100, as will be described in further detail with respect

to the bottom mast section 130 shown in Figs. 2A-2E below.

The movable center floor section 120 may also include one or more suitably sized
drawworks support lugs 122 attached to a back end 120b of the movable center floor section
120, i.e., on the end of the movable center floor section 120 that is opposite of the front side
120f and oriented toward the drawworks or back side 200b of the mobile drilling rig 200 (see,
Fig. 1A). In at least some embodiments, the drawworks support lugs 122 may be used to
facilitate the installation of a drilling rig drawworks during a later stage of rig assembly, such
as, for example, the drawworks skid 140 shown in Figs. 3A-3C, described in further detail

below.

In the illustrative embodiment shown in Figs. 1B and 1C, the lower box 101L of the
substructure box 101 is positioned on and supported by the ground 180 adjacent to the well
location 190, and the upper box 101u is in a fully collapsed position above the lower box
101L as previously described. Furthermore, the upper and lower boxes 102u and 102L of the
substructure box 102 are similarly positioned, but are not specifically illustrated in the
clevation view of Fig. IB. Accordingly, it should be understood that many details and
clements of the substructure box 102 are substantially the same as the corresponding details
and elements of the substructure box 101, but may not in all cases be specifically described

herein unless otherwise noted.

In some embodiments, the substructure box 101 (shown in Figs. 1B and 1C) and the
substructure box 102 (not shown in Figs. 1B and 1C) may both include substructure raising

means for raising and/or lowering the upper boxes 101u, 102u relative to the lower boxes
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101L, 102L, as may be required for a particular rig assembly, operating, or disassembly
stage. For example, the substructure raising means may be operatively coupled to the
respective upper and lower boxes 101u/101L and 102u/102L, as is generally represented by
the exemplary powered raising apparatuses 106 shown in Figs. IB and 1C. In certain
embodiments, the powered raising apparatuses 106 may be adapted to generate a lifting force
of sufficient magnitude that is capable of raising the upper boxes 101u, 102u above the lower
boxes 101L, 102L when the mobile drilling rig 200 is in a fully assembled condition, e.g.,
including all equipment and structures such as the drilling rig mast, travelling block,
drawworks, drillers cabin, etc. In at least some embodiments, the powered raising
apparatuses 106 may be, for example, a telescoping hydraulic or pneumatic cylinder
apparatus, a screw and/or gear mechanism, and the like, and may each be pivotably attached
to the lower boxes 101L, 102L at an appropriately designed pinned connection 106p.
Furthermore, the powered raising apparatuses 106 may be pivotably attached at an opposite
end thereof to a respective upper box 101u, 102u by way of a pinned connection 116p at a lug
116 that is fixedly attached to the mast shoe 103, although it should be appreciated that other

connection points on the upper box 101u may also be used.

Each substructure box 101, 102 may also include mast raising means for raising
and/or lowering a drilling rig mast (not shown) that may be attached to the raisable
substructure 100 during a later rig assembly stage. (See, e.g., the bottom mast section 130
shown in Figs. 2A-2E, described in further detail below.) In at least some embodiments, the
mast raising means may include, for example, suitably designed mast erection apparatuses, as
generally represented by the mast erection apparatuses 107 shown in Figs. IB and 1C.
Furthermore, the mast erection apparatuses 107 may each be, for example, a telescoping

hydraulic or pneumatic cylinder, and the like, and may ecach be pivotably attached to the
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lower boxes 101L, 102L at an appropriately designed pinned connection 107p. Furthermore,
the substructure boxes 101, 102 may also include a plurality of pivotable support members
108, two of which are shown partially illustrated in Figs. 1B and 1C, for clarity. In certain
illustrative embodiments, the lower ends of each of the support members 108 may be
pivotably attached to the respective lower boxes 101L, 102L at a pinned connection 108L,
and the upper ends may be pivotably attached to the respective upper boxes 101u, 102u at a
pinned connection 108u. In at least some embodiments, the support members 108 are
adapted such that when the substructure raising means, e.g., the powered raising members
106, lift the upper boxes 101u, 102u of the raisable substructure 100, the upper boxes 101u,
102u move or translate forward, i.e., in the direction of the well location 190 and the front

side 200f of the mobile drilling rig 200 (see, Fig. 1A).

Also as shown in Figs. 1B and 1C, one or more additional support lugs 111 may be
attached to the lower boxes 101L, 1021, which may then be used to install additional support
members or braces (not shown) between the lower boxes 101L, 102L and the respective
upper boxes 101u, 102u as may be necessary for the requisite stability and strength of the
raisable substructure 100 after the upper boxes 101u, 102u have been raised to a final
operating position (not shown). For example, the additional support members or braces (not
shown) may be pivotably attached at one end to the support lugs 111 at a pin hole 111h and at
an opposite to corresponding lugs and/or pin holes (not shown) on the upper boxes 101u,
102u. Additionally, in at least some embodiments, the lower boxes 101L, 102L may also
include lower drawworks support lugs 113 having a pin hole 113h therein to which a
drawworks support brace (not shown) may be attached during a later rig assembly stage. See,

e.g., the installation of the drawworks skid 140 shown in Figs. 3A-3C and described below.
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In certain embodiments, each of the substructure boxes 101, 102 may also include
support posts 112 located at each end of the lower boxes 101L, 102L, which may be used to
temporarily support the movable center floor section 120 during at least some stages of rig
assembly. Additionally, each lower box 101L, 102L may also include spacer moving means
for moving each of the movable spacers 117m above a respective fixed spacer 117f during
some stages of rig assembly, such as, for example, when the movable center floor section 120
is being temporarily supported by the support posts 112. In at least some embodiments, the
spacer moving means may include, for example, spacer positioning bars 117b (as shown in
Figs. 4A-4E and described below), and a movable spacer actuator handle 110 as shown in

Fig. 1C, which will be described in further detail in conjunction with Figs. 6A-6E below.

Figure 1D is a side elevation view of the mobile drilling rig 200 shown in Fig. 1B in a
further rig assembly stage, after the movable center floor section 120 has been installed on
the substructure 100, while Fig. 1E is a blow-up view showing some aspects of a portion of
Fig. 1D in additional detail. In some disclosed embodiments, the movable center floor
section 120 may be installed on the substructure 100 by using the truck 150 to move the
trailer 151 into the open space 100s (see, Fig. 1A) a sufficient distance so that at least a
portion of the side support beams 123 and bearing plates 124 on either side of the movable
center floor section 120 extend over the front ends 101f, 102f of the upper boxes 101u, 102u
and are positioned above at least one roller wheel support 105 on each of the substructure
boxes 101, 102. On the other hand, in those embodiments wherein the movable center floor
section 120 is moved into position from the back side 200b of the mobile drilling rig 200, the
trailer 151 may be moved into the open space 100s until at least a portion of the side support
beams 123 and bearing plates 124 extend over the back ends 101b, 102b of the upper boxes

101u, 102u and are positioned above at least the first roller wheel support 105 closest to each
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back end 101b, 102b. However, irrespective of the side from which the movable center floor
section 120 is positioned, it should be appreciated that, in at least some embodiments, the
trailer 151 may be moved into the open space 100s such that the movable center floor section
120 is positioned above two or more, or even all, roller wheel supports 105 on each upper

box 101u, 102u prior to proceeding to the next rig assembly stage described below.

Once the movable center floor section 120 has been positioned as described above,
the powered raising apparatuses 106 may then be actuated to raise the upper boxes 101u,
102u until each of the roller wheel supports 105 that are below the movable floor section 120
comes into contact with a respective bearing plate 124, at which point the powered raising
apparatuses 106 may be maintained in a substantially constant position. Thereafter, in at least
some embodiments, the floor sliding means may be used to slidably position the movable
floor section 120 on the raisable substructure 100, e.g., by rolling the movable floor section
120 across each successive roller wheel support 105 and onto the upper boxes 101u, 102u as
will be described in further detail below, at least until the movable floor section 120 has been
moved off of the trailer 151. The truck/trailer combination 150/151 may then be moved out
of the open space 100s (see, Fig. 1A) and away from the mobile drilling rig 200, and the
powered raising apparatus 106 may be further actuated as required to raise or lower the upper

boxes 101u, 102u in preparation for the rig assembly stages to follow.

In certain embodiments disclosed herein, one or more appropriately sized and located
rollers and/or dollies 125 (schematically shown in Figs. 1B and 1C) may be positioned
between the movable center floor section 120 and the trailer 151 so as to facilitate a rolling
movement of the movable center floor section 120 across and off of the trailer 151.

Furthermore, floor moving means (not shown in Figs. ID and 1E) may be used to roll the
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movable floor section 120 off of the trailer 151, across the respective roller wheel supports
105, and onto the raisable substructure 100. Depending on the overall center floor moving
requirements, the floor moving means may be temporarily connected to any suitably sized
and positioned structural connection on the movable center floor section 120, e.g., the mast
positioning lugs 121 and/or the drawworks support lugs 122. For example, in some
embodiments, the floor moving means may be a tugging apparatus, such as a truck-mounted
winch apparatus (not shown in Figs. 1D and 1E) and the like, wherein the truck carrying the
truck-mounted winch may be positioned at an appropriate location relative to the mobile
drilling rig 200, e.g., at either the front side 200f or the back side 200b, depending on the
direction that the movable center floor section 120 will be moved. In other embodiments, the
floor moving means, e.g., tugging apparatus, may be one or more powered winch apparatuses
(not shown in Figs. 1D and 1E) mounted on either or both of the substructure boxes 101, 102,
such as, for example, the winch apparatuses 370 shown in Figs. 8A-8K, which will be further

described below.

As noted above, the trailer 151 may be moved into the open space 100s such that the
movable center floor section 120 is positioned above two or more roller wheel supports 105
on each upper box 101u, 102u. Furthermore, in at least some embodiments, the movable
center floor section 120 may be positioned above a sufficient number of roller wheel supports
105 on each upper box 101u, 102u so that the movable center floor section 120 can be lifted
directly off of the trailer 151 in a substantially stable fashion, and without having to rely on
the use of the floor moving means to roll the movable center floor section 120 across the
trailer 151 or the roller wheel supports 105. For example, as shown in the illustrative
embodiment of the present disclosure that is depicted in Figs. 1D and 1E, the movable center

floor section 120 may be positioned above three roller wheel supports 105, although any
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sufficient number of roller wheel supports 105 capable of supporting the movable center floor
section 120 in a substantially stable manner may be used. After the upper boxes 101u, 102u
have been raised and the roller wheel supports 105 brought into contact with the bearing
plates 124 on the movable center floor section 120 as described above, actuation of the
powered raising apparatus 106 may be continued so that the movable center floor section 120
is lifted off of the trailer 151 in a substantially stable fashion. Thereafter, the truck 150 may
be used to move the trailer 151 out of the open space 100s and away from the mobile drilling
rig 200, and the substructure raising means, e.g., the powered raising apparatus 106 may be
used so as to raise or lower the upper boxes 101u, 102u as noted above, in preparation for

subsequent rig assembly stages.

Figure 2A is a side elevation view of the illustrative mobile drilling rig 200 shown in
Fig. 1D during a further rig assembly stage, wherein a bottom mast section 130 of a drilling
rig mast has been positioned adjacent to the raisable substructure 100 and the movable center
floor section 120 in preparation for attaching the bottom mast section 130 to the upper boxes
101u, 102u. Furthermore, Fig. 2B is a blow-up view of a portion of Fig. 2A, showing some
aspects of the mobile drilling rig 200 of Fig. 2A in additional detail. As shown in Figs. 2A
and 2B, the bottom mast section 130 may be positioned on a trailer 153, and may be
supported by one or more dollies or rollers 133 and one or more temporary supports 137. In
some embodiments, the mast 130 may be made up of, among other things, rear support legs
131, which may be pivotably attached to the bottom mast section 130 at pinned joints 131u
on rear leg lugs 131L, and front leg braces 132 that may be pivotably attached to the bottom
mast section at pinned joints 132u on front leg lugs 132L. In some embodiments, a pin hole
131h may be located at the lower end of the rear support legs 131, which may be adapted to

pivotably attach the bottom mast section 130 to the respective pin holes 103h on each of the
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mast shoes 103, as described below. Similarly, the front leg braces 132 may also have a pin
hole 132h of a suitably designed pinned connection at a lower end thereof, which may be
used to attach the front leg braces 132 to the pin holes 104h on the respective front leg
support shoes 104 after a completely assembled drilling rig mast (not shown) of the mobile

drilling rig 200 has been erected into an operating position.

One or more mast connection devices 135 may also be located at the upper end 130u
of the bottom mast section 130, which may be adapted to facilitate the connection of the
bottom mast section 130 to an intermediate or upper mast section (not shown) during the
assembly of the drilling rig mast. The bottom mast section 130 may also include mast
erection lugs 134 having a pin hole 134h of a suitably designed pinned connection to which
respective mast erection apparatuses 107 may be pivotably attached, thereby facilitating
raising and lowering of the bottom mast section 130 during the drilling rig mast assembly
steps, as well as erecting the completed mast prior to performing drilling operations, and/or

lowering the mast after the completion of drilling operations.

In certain disclosed embodiments, a center floor engagement lug 136 may be attached
to one or both of the front leg braces 132. The center floor engagement lug 136 may be
adapted to temporarily engage the mast positioning lug 121 located at the front end 120f of
the movable center floor section 120. Figure 2C is a blow-up detailed view of an illustrative
center floor engagement lug 136 in accordance with the present disclosure. In at least some
embodiments, the mast positioning lug 121 on the movable center floor section 120 may
include, for example, a pin 121p. Furthermore, the center floor engagement lug 136 may
include a pair of gussets 136g that are adapted to straddle and engage the pin 121 of the mast

positioning lug 121, thus removably coupling the bottom mast section 130 to the movable
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floor section 120 such that the bottom mast section 130 may be moved together with the
movable center floor section 120 when the floor moving means (not shown in Figs. 2A and
2B; see, e.g., Figs. 8A-8K described below) is used in conjunction with the floor sliding
means to slidably move the movable center floor section 120, e.g., over the roller wheel
supports 105 on the raisable substructure 100. In this way, the movable center floor section
120 may be used to facilitate the positioning of the pin holes 131h on the rear support legs
131 adjacent to respective pin holes 103h on the mast shoes 103 so that at least bottom mast
section 130 of the drilling rig mast can be pivotably attached to the raisable substructure 100,

as will be further described in conjunction with Figs. 2D and 2E below

In order to position the bottom mast section 130 on the raisable substructure 100, the
trailer 153 may first be moved over the ground 180 by a truck 152 and at least partially into
the open space 100s (see, Fig. 1A) between the substructure boxes 101 and 102. In certain
embodiments, the trailer 153 may be moved into the open space 100s so that that at least a
lower portion of the bottom mast section 130, e.g., the ends of the rear support legs 131 and
the front leg braces 132, extend beyond the front ends 101f, 102f of the upper boxes 101u,
102u, as shown in Figs. 2A and 2B. Furthermore, the movable center floor section 120 may
be slidably moved relative to the upper boxes 101u, 102u using the floor moving means (not
shown in Figs. 2A and 2B), e.g., by winches and the like as shown in Figs. 8A-8K and
described below, along the roller wheel supports 105 toward the front side 200f of the mobile
drilling rig 200. In at least some embodiments, the movable center floor section 120 may be
slidably moved to a mast installation position, i.e., wherein the front end of the movable
center floor section 120 extends beyond the front ends 101f, 102f of the upper boxes 101u,
102u, and the mast positioning lugs 121 are positioned substantially below and aligned with

the center floor engagement lugs 136 on the front leg braces 132. The mast positioning lugs
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121 may then be temporarily engaged with the center floor engagement lugs 136 by using the
substructure raising means, e.g., the powered raising apparatuses 106, to raise the upper
boxes 101u, 102u with the movable center floor section 120 installed thereon until the pins

121p of the mast positioning lugs 121 move into place, e.g., between the gussets 136g.

In certain embodiments, the substructure raising means may be used, e.g., actuation of
the powered raising apparatuses 106 may be continued, to thereafter lift the bottom mast
section 130 off of the temporary support 137, which may then be moved away. In this
configuration, the bottom mast section 130 is then supported by the mast positioning lugs 121
and the rollers 133. Furthermore, due to the engaging configuration between the mast
positioning lugs 121 and the center floor engagement lugs 136 and the rolling support
provided by the rollers 133, the bottom mast section 130 may substantially freely roll across
the top of the trailer 153 when the movable center floor section 120 is thereafter slidably
moved, e.g., across the plurality of roller wheel supports 105, by use of the floor moving
means (not shown in Figs. 2A and 2B) to a different position along the raisable substructure

100.

Figure 2D shows the mobile drilling rig 200 depicted in Fig. 2A after the movable
center floor section 120 (and the bottom mast section 130 that is temporarily engaged with
the mast positioning lug 121) has been slidably moved, e.g., on the roller wheel supports 105,
toward the back side 200b (see, Fig. 1A) of the mobile drilling rig 200, while Fig. 2E is a
blow-up view of some aspects of the rig 200 shown in Fig. 2D. In some embodiments, the
movable center floor section 120 may be moved to a mast attachment position relative to the
upper boxes 101u, 102u so that the rear support legs 131 of the bottom mast section 130 can

be pivotably attached to the mast shoes 103. Next, with the movable center floor section 120
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in the mast attachment position, each rear support leg 131 may be pivotably rotated
outwardly from the bottom mast section 130 about respective pinned connections 131u,
thereby substantially aligning the pin hole 131h on each rear support legs 131 with the pin
holes 103h on a respective mast shoe 103. A pinned connection between the bottom mast
section 130 and the mast shoes 103 may then be completed by installing a suitably designed

pin (not shown) into the substantially aligned pin holes 103h, 131h.

In certain illustrative embodiments, after the bottom mast section 130 has been
pivotably attached to the raisable substructure 100, each mast erection apparatus 107 may be
pivoted about the pinned connection 107p and pivotably attached to the mast erection lugs
134 at the pin holes 134h. The mast raising means, e.g., mast erection apparatuses 107, may
then be used to raise the bottom mast section 130 off of the trailer 153, and the truck/trailer
combination 152/153 moved away from the mobile drilling rig 200. Mast assembly may then
continue by positioning an additional mast section (not shown) adjacent to the bottom mast
section 130 and connecting the additional mast section thereto, e.g., by way of the mast
connection devices 135. In some illustrative embodiments, the mast connection devices 135
may be, for example, bi-directional mast connection devices that may adapted to permit
assembly and erection of the completed drilling rig mast from either the front side 200f or the
back side 200b of the mobile drilling rig 200, as will described in further detail below with
respect to Figs. 9A-9D, Figs. 10A-10F, Figs. 11A-11N and 11P, and Figs. 12A-12H. Once
all additional mast sections have been assembled to the bottom mast section 130, the
completed drilling rig mast (not shown) may then be erected by actuating the mast erection
apparatus 107, and each front leg brace 132 may be pivotably rotated about respective pinned
connections 132u and removably attached to a respective leg support lug 104 using the pin

holes 132h, 104h and a suitably sized pin (not shown). Thereafter, the mast erection
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apparatuses 107 may be disconnected from the mast erection lugs 134 and pivotably rotated

away from the drilling rig mast to a position as shown in Figs 3B and 3C, described below.

Figures 3A-3C illustrate various views of the mobile drilling rig 200 depicting further
rig assembly stages wherein a drawworks skid 140 may be removably attached to the
movable center floor section 120. More specifically, Fig. 3A is a plan view of the mobile
drilling rig 200 showing the drawworks skid 140 positioned at the back side, or drawworks
side, 200b of the rig 200, such that a front end 140f of the drawworks skid 140 is adjacent to
the back end 120b of the movable center floor section 120 and the back ends 101b, 102b of
the upper boxes 101u, 102u. In illustrative embodiments of the present disclosure, the
drawworks skid 140 may be positioned as shown in Fig. 3A after at least the bottom mast
section 130 (not shown in Fig. 3A, for clarity) has been attached to the raisable substructure
100, as shown in Figs. 2A-2E and described above. Positioning of the drawworks skid 140
may be accomplished by loading the drawworks skid 140 on a suitably sized trailer 155 and
using a truck 154 to move the trailer 155 across the ground 180 (see, Fig. 3B) adjacent to the

raisable substructure 100.

In some embodiments, the drawworks skid 140 may include, among other things, a
drawworks 141, which may be positioned above a drilling floor section 109d of the
drawworks skid 140. The drawworks skid 140 may further include one or more suitably
sized drawworks skid attachment lugs 142, which may be adapted to removably attach the
drawworks skid 140 to the corresponding one or more drawworks support lugs 122 at the
back end 120b of the movable center floor section 120. The drawworks skid attachment lug
142 may be any suitable structural configuration that is adapted to removably engage a

corresponding structural configuration of the drawworks support lug 122. For example, in
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some embodiments, the drawworks skid attachment lug 142 may have a hook configuration
and the like, and the drawworks support lug 122 may include a pin or pin-like structural
clement that is adapted to matingly engage the hook configuration of the drawworks skid
attachment lug 142. It should be appreciated that other removably engagable configurations

may also be used.

Figure 3B is a side elevation view of the illustrative mobile drilling rig 200 depicted
in Fig. 3A, wherein the trailer 155 is positioned on the ground 180 adjacent to the raisable
substructure 100 with the drawworks skid 140 loaded on. As shown in Fig. 3B, the
drawworks skid 140 may also include one or more upper drawworks support lug 143 attached
thereto, the upper drawworks support lug 143 having a pin hole 143h at the lower end
thereof. The pin hole 143h may be used in conjunction with a corresponding pin hole 113h
on the lower drawworks support lugs 113 (see, Figs. 1B-1E) to removably install a
drawworks support brace (not shown) that is adapted to provide additional support and

stability to the drawworks skid 140 during operation of the mobile drilling rig 200.

Figure 3C shows the mobile drilling rig 200 of Fig. 3B after the drawworks skid 140
has been removably attached to the movable center floor section 120, which may be
accomplished by the following illustrative steps. In certain embodiments, the truck/trailer
combination 154/155 may be used to position the front end 140f of drawworks skid 140
adjacent to the back end 120b of the movable center floor section 120 so that each of the
drawworks skid attachment lugs 142 on the drawworks skid 140 is substantially aligned with
a corresponding drawworks support lug 122 on the movable floor section 120. The floor
moving means (not shown in Figs. 3A-3C) may be used to slidably move the movable center

floor section 120, e.g., over the roller wheel supports 105, in the direction of the back side
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200b of the mobile drilling rig 200 (see, Fig. 1A) in a manner as previously described to a
drawworks installation position. In this configuration, the back end 120b of the movable
center floor section 120 extends beyond the back ends 101b, 102b of the upper boxes 101u,
102u, and the drawworks support lugs 122 are positioned substantially directly below and in

alignment with the drawworks skid attachment lugs 142.

Next, the substructure raising means, e.g., the powered raising apparatuses 106, may
be used to raise the upper boxes 101u, 102u and the movable center floor section 102
installed thereon so that the drawworks support lugs 122 matingly and removably engage the
drawworks skid attachment lugs 142. In some embodiments, the front end 140f (see,
Fig. 3A) of the drawworks skid 140 may be, in this position, immediately adjacent to, or even
in contact with, the back end 120b of the movable center floor section 120. The drawworks
skid 140 may then be lifted off of the trailer 155 using the substructure raising means, e.g., by
further actuating the powered raising apparatuses 106, after which the trailer 155 may be
moved away. Thereafter, the movable center floor section 120 may be slidably moved
toward the front side 200f of the mobile drilling rig 200 (see, Fig. 1A) until the front end 140f
of the drawworks skid 140 is immediately adjacent to, e.g., substantially in contact with, the
back ends 101b and 102b of the upper boxes 101u and 102u, respectively, as will be further
described below with respect to the illustrative embodiments shown in Figs. 81-8K.
Furthermore, in at least some embodiments, after the trailer 155 has been moved away from
below the drawworks skid 140, the powered raising apparatuses 106 may then be used to
lower the upper boxes 101u, 102u to a fully collapsed position relative to the lower boxes

101L, 102L in anticipation of further stages of rig assembly.
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In certain embodiments, the above-described illustrative steps that may be used to
removably attach the drawworks skid 140 to the movable center floor section 120 may be
performed after the drilling rig mast of the mobile drilling rig 200 has been completely
assembled. Furthermore, and depending on the overall rig assembly and erection strategy, in
at least some embodiments the drawworks skid 140 may be removably attached to the
movable center floor section 120 after the completed drilling rig mast has been erected to an
operating position, as shown in Figs. 3B-3C. However, in other embodiments the drawworks
skid 140 may be attached to the movable center floor section 120 prior to the erection of the

completed drilling rig mast.

Figures 4A and 4B are various illustrative views of one embodiment of a support
interface between the movable center floor section 120 and the raisable substructure 100 that
are shown in Figs. 1A-3C and described above. More specifically, Fig. 4A is the section
view “4A-4A” from the illustrative embodiment shown in Fig. 1E, detailing some aspects of
the support relationship between the upper box 101u, the movable center floor section 120,
and a representative roller wheel support 105 during the sliding movement of the movable
center floor section 120. Furthermore, Fig. 4B is a close-up view of the area designated “4B”

in Fig. 4A, depicting some illustrative details shown in Fig. 4A.

As noted previously, the roller wheel supports 105 (shown schematically in Fig. 4A)
may be rotatably mounted in the center floor support member 115 on, for example, a center
axle 105a (also shown schematically in Fig. 4A). In certain embodiments disclosed herein,
the center floor support members 115 may include an upper support member 115u, a lower
support member 1151, and a stiffener or gusset 115g (see, Figs. 4C-4E, described below).

Furthermore, a pair of guide rails 114 may be attached to an upper surface 115t of the upper
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support member 115u, which may be spaced apart by a sufficient distance so as to guide a
bearing plate 124 on a respective side support beam 123 as the movable center floor section

120 slidably moves along the roller wheel supports 105.

In at least some embodiments, a plurality of fixed spacers 117f and a plurality of
corresponding movable spacers 117m may also be positioned between the movable center
floor section 120 and the center floor support members 115 during the above-described
sliding movement. As will be described in further detail with respect to Figs. 4C-4E below,
cach of the fixed spacers 117f is fixedly attached to the upper surface 115t of the center floor
support members 115, whereas, during the sliding movement of the movable center floor
section 120, each corresponding movable spacer 117m is movably positioned on the upper
surface 115t adjacent to a respective fixed spacer 117f. Furthermore, as previously described,
the movable spacers 117m may be interconnected by way of the positioning bars 117b, which
may be used during a subsequent rig assembly stage to simultancously re-position each
corresponding movable spacer 117m above a respective fixed spacer 117f, as will be further

described with respect Figs. 6A-7B below.

During sliding movement of the movable center floor section 120 across the plurality
of roller wheel supports 105, a bottom surface 124b of the bearing plate 124 is in rolling
contact with a surface 105s of each roller wheel support 105. Furthermore, in certain
exemplary embodiments, the surface 105s of the roller wheel support 105 may project above
the upper surface 115t of the upper support member 115u by a distance 105d so that there is a
sufficiently sized clearance space 120c between the bottom surface 124b of the bearing plate
124 and the top surfaces 117t of the spacers 117f, 117m, thereby allowing the sliding

movement of the movable center floor section 120 substantially without restriction.
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Figure 4C is a side elevation view of the detail “4C” from the disclosed embodiment
illustrated in Fig. 2B, showing some additional aspects of the relationship between an
exemplary fixed spacer 117f, a movable spacer 117m, the movable center floor section 120,
the center floor support member 115, and a representative roller wheel support 105 during the
sliding movement of the movable center floor section 120. Additionally, Fig. 4D is a close-
up view of the area designated “4D” in Fig. 4C, providing further illustrative details of some
aspects of the spacers 117f, 117m. As shown in the illustrative embodiment depicted in
Figs. 4C and 4D, the fixed spacer 117f may be fixedly attached to the upper surface 115t of
the upper support member 115u, and the movable spacer 117m may be movably positioned
on the upper surface 115t immediately adjacent to the fixed spacer 117f. In certain
embodiments, the spacers 117f and 117m may have matingly engaging tapered surfaces 117¢,
which may be adapted to allow the movable spacer 117m to slide laterally and above the
fixed spacer 117f when moved and positioned by the positioning bar 117b (shown as hidden
lines in Fig. 4D) during a later rig assembly stage (see, e.g., Figs. 6A-7B). Furthermore, in at
least some embodiments, the fixed spacer 117f may be substantially positioned above a
stiffener or gusset 115g, which may be adapted to provide additional local stiffness and/or
support to the center floor support member 115 when the movable center floor section 120 is
supported by the fixed and movable spacers 117f, 117m, as will be further described with

respect Figs 6A-7B below.

In some disclosed embodiments, the roller wheel support 105 may be rotatably
mounted on an axle 105a and inside a roller wheel frame 105f, as shown in Fig. 4C.
Additionally, the roller wheel frame 105f may substantially define an opening 115h in the
upper support member 115u through which the roller wheel support 105 may project so as to

contact the bottom surface 124b of the bearing plate 124 during sliding movement of the
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movable center floor section 120, and to provide the requisite distance 105d between the
bearing plate 124 and the upper surface 115t of the upper support member 115u, as

previously described.

Figure 4E is a plan view “4E-4E” of the detail shown in Fig. 4C illustrating some
additional details of the fixed spacers 117f, the movable spacers 117m, the positioning bars
117b, and a representative roller wheel support 105, wherein the movable center floor section
120 has been removed from the view for clarity. As shown in Fig. 4E, the movable spacers
117m are positioned between and attached to the positioning bars 117b. In at least some
embodiments, the positioning bars 117b may straddle the fixed spacers 117f, so that the
positioning bars 117b can be easily moved relative to the fixed spacer 117f, thereby enabling
the positioning bars 117b to readily and easily position the movable spacers 117m above the
fixed spacers 117f, as previously noted. Furthermore, the positioning bars 117b may
similarly straddle the roller wheel supports 105 so as not to interfere with the rolling action of
the roller wheel supports 105 during the sliding movement of the movable center floor

section 120.

Figures SA and 5B illustrate some aspects of a support post 112 that may be used to
temporarily support the movable center floor section 120 during some stages of rig assembly.
More specifically, Fig. SA is an end view “5A-5A” of the illustrative upper and lower boxes
101u, 101L as shown in Fig. 2A, and Fig. 5B is the side elevation view “5B-5B” indicated in
Fig. SA. In the configuration shown in Figs. 5A and 5B, the support post 112 is in a lowered
post position, thereby allowing the movable center floor section 120 to substantially freely
slide on the roller wheel supports 105. Furthermore, the upper box 101u and movable center

floor section 120 are shown in a fully lowered position relative to the lower box 101L.
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In some embodiments, the support post 112 may be supported in the illustrative
lowered post position shown in Figs. 5A and 5B by a post support pin 112p that is in
supporting contact with a top surface 118t of an upper guide bracket 118u that is fixedly
attached to the lower box 101L. In this configuration, the top end 112t of the support post
112 may be positioned below the bottom surface 124b by a sufficiently sized clearance space
112¢ so that the support post 112 does not interfere with the sliding movement of the
movable center floor section 120. In certain embodiments, the support post 112 may be
guided at a lower end by a lower guide bracket 118L that is also fixedly attached to the lower
box 101L, and which, together with the upper guide bracket 118u, may be adapted to
maintain the support post 112 in a substantially vertical orientation. Also as shown in
Figs. SA and 5B, a lever bracket 119b may be fixedly attached to the lower box 101L, and a
lever 119 may be pivotably attached to the lever bracket 119b at a pinned connection 119p.
In certain disclosed embodiments, the lever 119 may be used to raise the support post 112 to
a raised post position during at least some further rig assembly stages, as will be described

with respect to Figs. 6A-6E below.

Figure 6A-6E show various views of an illustrative mobile drilling rig of the present
disclosure during further rig assembly stages. More specifically, Fig. 6A is a side elevation
view of the mobile drilling rig 200 shown in in Fig. 3A after the drilling rig mast (a portion of
the bottom mast section 130 is shown in Fig. 6A) and the drawworks skid 140 have both been
attached to the raisable substructure 100. Additionally, Fig. 6B is a close-up view of the area
designated “6B” in Fig. 6A, showing some detailed aspects of the movable spacer actuator
handle 110. Furthermore, Fig. 6C is an end view “6C-6C” of the illustrative upper and lower
boxes 101u, 101L as indicated in Fig. 6A, and Fig. 6D is the side elevation view “6D-6D”

indicated in Fig. 6C. It should be appreciated that the end and side elevation views shown in
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Figs. 6C and 6D substantially correspond to the end and side elevation views shown in
Figs. SA and 5B above, respectively, albeit illustrating further stages of rig assembly, as will

be described below.

As shown in Fig. 6A, the powered raising apparatuses 106 may be actuated to raise
the upper boxes 101u, 102u so that the movable center floor section 120 installed thereon is
lifted off of the roller wheel supports 105. In certain embodiments, the upper boxes 101u,
102u may be raised until there is a sufficiently sized clearance space 124c¢ (see, Fig. 6D)
between the upper surface 115t of the center floor support members 115 and the bottom
surface 124b of the bearing plates 124 so as to enable the movable spacers 117m to be

movably positioned between the fixed spacers 117f and the movable center floor section 120.

As noted previously, the support posts 112 may be used during at least some rig
assembly stages to temporarily support the movable center floor section 120. For example, in
the illustrative embodiments shown in Figs. 6A-6E, the support posts 112 may be used to
temporarily support the movable center floor section 120 so that the movable spacers 117m
may be movably positioned above the fixed spacers 117f in the illustrative manner described
with respect to Fig. 6B below. Accordingly, after the powered raising apparatuses 106 have
been actuated to raise the movable center floor section 120 off of the roller wheel supports
105 so as to provide the clearance space 124c¢, the support post 112 may be raised to a raised

post position by the lever 119.

In at least some embodiments, each of the support posts 112 may be raised by
imparting a substantially downward actuating force 119f near an end 119¢ of the lever 119

(see, Fig. 6D), thereby pivotably raising a lifting rod 119r located at an opposite end 119a of
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the lever 119. The lifting rod 119r may then contact a bottom end 112b of the support post
112, thereby raising the support post 112 so that the post support pin 112p is no longer in
supporting contact with the top surface 118t of the upper guide bracket 118u (see, Figs. 5A
and 5B). The support posts 112 may then be raised to the post support position, i.e., wherein
an appropriately located pin hole 112h in each respective support post 112 is raised above the
top surface 118t of a respective upper guide bracket 118u. In some embodiments, a center
floor support pin 118p (see, Figs. 6C and 6D) may then be temporarily installed in each
respective pin hole 112h (see, Figs. SA and 5B) so that each center floor support pin 118p
may be put into supporting contact with the top surface 118t of an upper guide bracket 118u.
Thereafter, the powered raising apparatuses 106 may be further actuated so as to lower the
upper boxes 101u, 102u until the bottom surfaces 124b of the bearing plates 124 contact the
top end 112t of each respective support post 112. In this configuration, the movable center
floor section 120 may be temporarily supported by support posts 112, e.g., by the center floor
support pins 118p that are installed in the pin holes 112 and are in supporting contact with the

upper guide brackets 118u, as shown in Figs. 6C and 6D.

In certain illustrative embodiments, while the movable center floor section 120 is
being temporarily supported by the support posts 112, a movable spacer actuator handle 110
may be actuated so to move cach of the movable spacers 117m above a respective fixed
spacer 117f. As illustrated in the detailed view shown in Fig. 6B, the movable spacer
actuator handle 110 may be pivotably attached to a handle bracket 110b at a pinned
connection 110p, and pivotably attached to the movable spacer positioning bars 117b at a
pinned connection 117p. In at least some embodiments disclosed herein, the movable spacers
117m may be movably positioned above the fixed spacers 117f by imparting a substantially

lateral actuating force 110f to an end 110¢ of the movable spacer actuator handle 110, thereby
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pivoting the actuator handle 110 about the pinned connection 110p and laterally moving an
opposite end 110a of the actuator handle 110 laterally away from the front end 101f of the
upper box 101u. As the opposite end 110a of the movable spacer actuator handle 110 moves
laterally away from the front end 101f, the movable spacer positioning bars 117b (and each of
the movable spacers 117m attached thereto) may also be moved laterally with the end 110a
by the pinned connection 117p that pivotably attaches the positioning bars 117b to the
actuator hand 110. Accordingly, when the movable spacers 117m are laterally moved by the
movable spacer positioning bars 117b, the matingly engaging tapered surfaces 117¢ (see,
Figs. 4C and 4D, described above) of the spacers 117f and 117m allow each movable spacer
117m to slidably move into a new position above a respective adjacent fixed spacer 1171, as

shown in Figs. 6B and 6D.

Figure 6E is a close-up view of the area designated “6E” in Fig. 6C, showing some
detailed aspects of the spacers 117f, 117m, the base plate 124 of the movable center floor
section 120, the support post 112, and the roller wheel support 105. As shown in Fig. 6E, the
bottom surface 124b of the bearing plate 124 is no longer in rolling contact with the surface
105s of the roller wheel support 105. Instead, in this configuration, the top end 112t of the
support post 112 is in contact with the bottom surface 124b, and therefore supports the
movable center floor section 120 with a clearance space 124c between the bottom surface
124b and the upper surface 115t of the upper support member 115u. Furthermore, the
movable spacer 117m has been positioned above the fixed spacer 117f by actuation of the

movable spacer actuator handle 110, as previously described.

Figures 7A and 7B illustrate the mobile drilling rig 200 of Figs. 6A-6E in a further rig

assembly stage, after the movable center floor section 120 has been moved to an operating
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position on the raisable substructure 100. More specifically, Fig. 7A is an end view of the
upper and lower boxes 101u, 101L that substantially corresponds to the end view of the upper
and lower boxes 101u, 101L shown in Fig. 6C after the support posts 112 have been lowered
to the lowered post position as shown in Figs. 5A and 5B, wherein, however, support of the
movable center floor section 120 has been transferred from its temporary position on the
support posts 112 to an operating position on the spacers 117f, 117m and the center floor

support member 115.

In some embodiments, the movable center floor section 120 may be moved to an
operating position by first actuating the powered raising apparatuses 106 so as to lift the
movable center floor section 120 off of the respective top ends 112t of each support post 112.
Each support post 112 may then be lowered to the lowered post position by the following
exemplary steps:

1) raising the support post 112 with a respective lever 119 (as described above with
respect to Figs. 6C and 6D) so that the center floor support pins 118p are no
longer in supporting contact with the top surface 118t of the upper guide bracket
118u;

2) removing each center floor support pin 118p from its respective pin hole 112h;and

3) lowering the support post 112 with the lever 119 until the post support pin 112p is
in supporting contact with the top surface 118t.

Thereafter, the powered raising apparatuses 106 may again be actuated so as to lower the
upper boxes 101u, 102u with the movable center floor section 120 thereon until the bottom
surface 124b of the bearing plates 124 come into supporting contact with the movable spacers
117m, each of which, as described above, have been previously positioned above a respective

fixed spacer 117f.
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Figure 7B is a close-up view of the area designated “7B” in Fig. 7A, showing some
detailed aspects of the spacers 117f, 117m, the base plate 124 of the movable center floor
section 120, the support post 112, and the roller wheel support 105. As shown in Fig. 7B, the
movable center floor section 120 is not supported by the surface 105s of the roller wheel
supports 105, but is instead supported by the spacers 117f and 117m, which are now in a
stacked configuration, i.e., wherein the movable spacer 117m is stacked on top of the fixed
spaced 117f. Furthermore, the bottom surface 124b of the bearing plate 124 is separated
from the surface 105s of the roller wheel support 105 by a space 124s. Accordingly, the dead
load of the movable center floor section 120, as well as any additional dead and/or live loads
imposed on the movable center floor section 120 during rig operation, are transferred to the
substructure through the spacers 117f, 117m, and not through the roller wheel supports 105.
Thereafter, the raisable substructure 100 may be raised to a drilling rig operating
configuration, i.e., wherein the substructure raising means are used to raise the upper boxes
101u, 102u above the lower boxes 101L, 102L, e.g., by actuating the powered raising
apparatus 106, after which any additional support legs and/or braces may be installed on the

raisable substructure 100, as may be required.

Figures 8 A-8K illustrate additional exemplary embodiments of a mobile drilling rig
400 disclosed herein, and in particular, illustrative floor moving means that may be used to
slidably move a movable center floor section 320 along substructure boxes 301, 302 of a
raisable substructure 300 during the assembly and erection of the rig 400. It should be
understood that some elements of the rig 400 may substantially correspond to like elements
depicted with respect to some embodiments of the illustrative mobile drilling rig 200 shown
in Figs. 1A-7B and described above. Furthermore, it should be noted that, where appropriate,

the reference numbers used in depicting the various elements shown in the illustrative
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embodiments of Figs. 8A-8K may substantially correspond, where appropriate, to the
reference numbers used in describing related elements illustrated in Fig. 1A-7B above, except
that the leading numeral in each figure has been changed from a “1” to a “3,” or from a “2” to
a “4,” where appropriate. For example, the raisable substructure “100” may correspond to
the raisable substructure “300,” the mast support shoes “103” may correspond to the mast
support shoes “303,” the pivotable support members “108” may correspond to the pivotable
support members “308,” and so on. Similarly, the front side “200f” of the mobile drilling rig
“200” may substantially corresponds to the front side “400f” of the mobile drilling rig “200.”.
Accordingly, the reference number designations used to identify some eclements of the
presently disclosed subject matter may be illustrated in the Figs. 8A-8K but may not be
specifically described in the following disclosure. In those instances, it should be understood
that the numbered elements shown in Figs. 8A-8K which are not described in detail below
substantially correspond with their like-numbered counterparts illustrated in Figs. 1A-7B and

described in the associated disclosure set forth above.

Figures 8A and 8B are plan and clevation views, respectively, of an carly rig
assembly stage of the mobile drilling rig 400 wherein a movable center floor section 320 is
being positioned on a raisable substructure 300 in a manner that is similar to that illustrated in
Figs. 1A-1E and described above. For example, in some embodiments, the movable center
floor section 320 may be loaded on a trailer 351, which may then be moved by a truck 350
(not shown in Fig. 8A, for clarity) over the ground 380 and into position in an open space
300s between first and second substructure boxes 301, 302, until the back end 320b of the
movable center floor section 320 extends beyond the front ends 3011, 302f of the upper boxes
301u, 302u, respectively, of the raisable substructure 300. The upper boxes 301u, 302u may

then be raised using powered raising apparatuses 306 until at least a first roller wheel support
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305 closest to a front side 400f of the mobile drilling rig 400 contacts bearing plates 324 on

the side support beams 323 of the movable center floor section 320.

In certain embodiments, floor moving means, such as a winch line 371 of a winch
370, may be temporarily connected to any suitably sized and positioned structural connection
on the movable center floor section 320, such as a mast positioning lug 321, a drawworks
support lug 322, and the like. As shown in the illustrative embodiment depicted in Figs. 8A
and 8B, the floor moving means may include, for example, two winches 370, wherein a
winch 370 is positioned above and attached to a drilling floor section 309s on each upper box
301u, 302u. Furthermore, the winch lines 371 for each winch 370 may be temporarily
attached to the mast positioning lugs 321 at the front end 320f of the movable center floor
section 320. In at least some embodiments, a suitably designed pulley 372, such as a swivel
shackle pulley and the like, may be temporarily attached to a suitably sized and positioned
structural connection on each substructure box 301, 302, such as, for example, the mast shoes

303, and each winch line 371 may be sheaved through a respective pulley 372.

In some disclosed embodiments, the winches 370 may be actuated so as to draw in the
respective winch lines 371, thereby tugging on the mast positioning lugs 321 so as to slidably
move the movable center floor section 320 with the floor sliding means, e.g., across the
plurality of roller wheel supports 305 that are rotatably mounted in the center floor support
members 315 that are disposed along the inside edges 3011 and 302i of the upper boxes 301u
and 302u, respectively. Thereafter, once the movable center floor section 320 is in a
substantially stable position on the raisable substructure 300, the truck/trailer combination

350/351 may be moved away from the open space 300s.
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Figures 8C-8F are various illustrative views of the mobile drilling rig 400 shown in
Figs. 8A and 8B, depicting further illustrative stages of rig assembly during which a bottom
mast section 330 of a drilling rig mast may be attached to the raisable substructure 300. More
specifically, Figs. 8C and 8D are plan and clevation views, respectively, of the mobile
drilling rig 400 shown in Figs. 8A and 8B wherein the bottom mast section 330 is being
positioned on the movable center floor section 320 in a manner that is similar to that
illustrated in Fig. 2A and described above. For example, in some embodiments, the bottom
mast section 330 may be loaded on a trailer 353, which may then be moved by a truck 352
(not shown in Fig. 8C, for clarity) into position in the open space 300s (see, Fig. 8A). The
floor moving means, e.g., winches 370, and floor sliding means, e.g., roller wheel supports
305, may then be used to slidably move the movable center floor section 320 to a mast
installation position, i.e., wherein the front end of the movable center floor section 320
extends beyond the front ends 301f, 302f of the upper boxes 301u, 302u as previously
described. Thereafter, the substructure raising means, e.g., powered raising apparatuses 306,
may be used to raise the upper boxes 301u, 302u so that the mast positioning lugs 321 may
temporarily engage with corresponding engagement lugs (see, e.g., the center floor
engagement lugs 136 shown in Figs. 2A-2E) on the front leg braces 332 of the bottom mast

section 330.

Figures 8E and 8F are plan and elevation views, respectively, of the mobile drilling
rig 400 shown in Figs. 8C and 8D after the rear support legs 331 of the bottom mast section
330 have been attached to respective mast shoes 303 positioned on the upper boxes 301u,
302u of the raisable substructure in a manner that is similar to that illustrated in Figs. 2D and
2E, and described in further detail above. In certain illustrative embodiments, after the

bottom mast section 330 has been positioned on the movable center floor section 320 as
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described with respect to Figs. 8C and 8D above, the floor moving means, e.g., winches 370,
may be used to slidably move the movable center floor section 320 toward the back side 400b
of the mobile drilling rig 400. In this way, the movable center floor section 320 may be used
to move bottom mast section 330 across the trailer 353 on the rollers 333 until the movable
center floor section 320 is in the mast attachment position, i.e., wherein the pin holes 331h on
the rear support legs 331 may be substantially aligned with and pivotably attached to the pin
holes 303h on the mast shoes 303 in the manner previously described with respect to Figs. 2D
and 2E above, and as is illustrated in Figs. 8E and 8F. Thereafter, in at least some
embodiments, the drilling rig mast may be fully assembled and erected to an operating
position using the mast erection apparatus 307, also as described with respect to Figs. 2D and

2E above.

Figures 8G-8K are various illustrative views of the mobile drilling rig 400 shown in
Figs. 8E and 8F, depicting further stages of rig assembly during which a drawworks skid 340
may be removably attached to the movable center floor section 320 in a manner that is similar
to that illustrated in Figs. 3A-3C and described above. More specifically, Figs. 8G and 8H
are plan and elevation views, respectively, showing the drawworks skid 340 positioned at the
back side 400b of the mobile drilling rig 400 such that a front end 340f of the drawworks skid
340 is adjacent to the back end 320b of the movable center floor section 320 and the back
ends 301b and 302b of the upper boxes 301u, 302u, which may be accomplished by loading
the drawworks skid 340 on a suitably sized trailer 355 and using a truck 354 to move the
trailer 355 adjacent to the raisable substructure 300. In certain illustrative embodiments, the
drawworks skid 340 may be positioned as shown in Figs. 8G and 8H after at least the bottom

mast section 330 (shown using hidden lines in Figs. 8H and 8J, but not shown in Figs. 8G, 8I
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and 8K, for clarity) has been attached to the raisable substructure 300 in the manner shown in

Figs. 8E and 8F and described above.

Figures 81 and 8J are plan and elevation views, respectively, of the mobile drilling rig
400 shown in Figs. 8G and 8H after a further rig assembly step during which the drawworks
skid 340 has been removably attached to the movable center floor section 320 in a manner
substantially as previously described with respect to Fig. 3C above. In at least some
embodiments, the floor moving means may be used, e.g., each winch 370 may be actuated to
draw in a respective winch line 371, to slidably move the movable center floor section 320,
e.g., over the roller wheel supports 305, to a drawworks installation position, such that the
back end 320b of the movable center floor section 320 extends beyond the back ends 301b,
302b of the upper boxes 301u, 302u. Furthermore, as previously described with respect to
Fig. 3C above, the drawworks support lugs 322 may positioned substantially below and
aligned with the drawworks skid attachment lugs 342, after which the movable center floor
section 320 may be raised using the powered raising apparatuses 306 until the drawworks

support lugs 322 matingly and removably engage the drawworks skid attachment lugs 342.

Figure 8K is a plan view of the mobile drilling rig 400 shown in Figs. 81 and 8J after
the winches 370 have been used to slidably move the movable center floor section 320 over
the roller wheel supports 305 toward the front side 400f of the mobile drilling rig 400, such
that the front end 340f of the drawworks skid 340 is immediately adjacent to, e.g,
substantially in contact with, the back ends 301b and 302b of the upper boxes 301u and 302u,
respectively. In certain disclosed embodiments, the movable center floor section 320 may be
moved by reconfiguring the floor moving means so as to facilitate movement the movable

center floor section 320 in an opposite direction. For example, in those illustrative
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embodiments wherein the floor moving means includes the winches 370, reconfiguration may
be accomplished by first detaching each winch line 371 from a respective mast positioning
lug 321, and, with each winch line 371 still sheaved through a respective pulley 372,
temporarily attaching the winch lines 371 to the drawworks support lugs 322. Thereafter, the
winches 370 may be actuated so as to draw the respective winch lines 371 in and pull the

movable center floor section 320 into position as previously described.

In the various exemplary embodiments set forth above, the drilling rig mast is
generally illustrated and described as being assembled, installed, and raised from the front or
setback side of the drilling rig substructure, i.e., opposite of the back or drawworks side of the
drilling rig substructure. However, depending on the specific layout of a given oilfield
drilling site, it may not always be advantageous to raise a drilling rig mast from the setback
side of the rig. For example, depending on the proximity of a given wellbore location to
other wellbore locations at the oilfield drilling site, and/or the presence of other rigs or
support equipment adjacent to a specific wellbore location, it may be desirable, or even
necessary, to assemble, install, and raise the drilling rig mast from the back or drawworks
side of the rig substructure. In such situations, a different type of mast and/or mast raising
system may be necessary in order to satisfy the preferred mast raising arrangement and/or any
site-imposed raising requirements. Accordingly, it could be highly cost-effective and
efficient to utilize a drilling rig mast that can be assembled from either side of a drilling rig
substructure, and a mast raising system that is capable of being used to install and raise the
mast from either the setback side or the drawworks side of the drilling rig substructure,
depending on the preference and/or need for a specific given application. Figures 9A-12H

illustrate some exemplary drilling rig mast configurations and mast raising systems that may
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be utilized to assemble, install, and raise a drilling rig mast from either side — i.e., the setback

or drawworks side — of a drilling rig substructure.

Figures 9A-9D depict an illustrative mobile drilling rig 600 having a bi-directionally
raisable drilling rig mast 530 in accordance with exemplary embodiments of the present
disclosure. In some embodiments, the mobile drilling rig 600 may include, among other
things, a raisable substructure 500 that may be any one of the raisable substructures
previously described herein, e.g., raisable substructures 100 and 300 as described with respect
to Figs. 1A-7B and Figs. 8A-8K above, respectively. The raisable substructure 500 may
therefore include a first substructure box 101 that is made up of upper and lower boxes 101u
and 101L, as well as a similarly configured second substructure box (not shown in Figs. 9A-
9D), such as the previously described second substructure boxes 102 and 302 illustrated in
Figs. 1A and 8A, respectively. Accordingly, since only the first substructure box 501 is
illustrated in Figs. 9A-9D, it should be understood that any reference made below to the
substructure box 501 and the various components thereof may be equally applicable to the

second similarly configured substructure box of the raisable substructure 500.

In certain illustrative embodiments, the mobile drilling rig 600 may include a movable
center floor section 520 that may be installed on and slidably movable along the raisable
substructure 500 on a plurality of roller wheel supports 505, e.g., any illustrative
embodiments of the movable center floor sections 120, 320 and roller wheel supports 105,
305 previously described. As shown in the illustrative embodiment of Fig. 9A, the bi-
directionally raisable drilling rig mast 530 may include rear support legs 531 that may be
pivotably attached to a mast shoe 503 at a pinned connections 503p, which is positioned

above a drilling floor 509 on the upper box 501u of the first substructure box 501, as well as
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to a mast shoe 503 on a similarly configured second substructure box (not shown). In certain
embodiments, the bi-directionally raisable drilling rig mast 530 may be pivotably attached to
the mast shoes 503 by positioning the bi-directionally raisable drilling rig mast 530 using the
slidably movable center floor section 520, as previously described with respect to any of the

illustrative embodiments disclosed herein.

As shown in Fig. 9A, the bi-directionally raisable drilling rig mast 530 is in a
nominally horizontal position, i.e., prior to mast erection, and is oriented toward the front, or
setback, side 600f of the mobile drilling rig 600. Furthermore, the bi-directionally raisable
drilling rig mast 530 may be supported by bi-directional mast raising means, such as, for
example, respective mast erection apparatuses 507 positioned on either side of the mast 530,
e,g., one on each of the first substructure box 501 and a second substructure box (not shown)
of the raisable substructure 500, such as the previously described substructure boxes 101 and
102, or substructure boxes 301 and 302. In at least some embodiments, the mast erection
apparatuses 507 may be pivotably attached at an upper end thereof to respective bi-
directional mast erection connections 534 on the bi-directionally raisable drilling rig mast 530
using appropriately designed pinned connections 534p. It should be understood that the bi-
directional mast erection connections 534 and associated pinned connections 534p are
adapted to permit the mast erection apparatuses 507 to be attached to the bi-directionally
raisable drilling rig mast 530 whether the mast 530 is oriented toward the setback, front side
600f of the mobile drilling rig 600 as shown in Fig. 9A, or toward the drawworks, or back

side 600Db.

For example, the bi-directional mast erection connections 534 and the associated

pinned connections 534p may be configured and positioned relative to the various structural
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elements of the bi-directionally raisable drilling rig mast 530 so that the pivotably connected
mast erection apparatuses 507 do not interfere with the structural elements of the mast 530,
irrespective of the direction from which the mast erection apparatuses 507 are attached or the
direction from which the mast 530 is raised. Furthermore, when the bi-directionally raisable
drilling rig mast 530 is oriented toward the front side 600f (as shown in Fig. 9A), the mast
erection apparatus 507 may be pivotably attached at a lower end thereof to the lower box
501L using respective pinned connections 507p on front erection connections 507f that are
proximate the front side 600f. It should be appreciated that the mast erection apparatuses 507

may be any mast erection apparatus as previously set forth in the present disclosure.

Figure 9B shows the mobile drilling rig 600 of Fig. 9A after the bi-directionally
raisable drilling rig mast 530 has been raised from the front side 600f of the rig 600 to an
operating position, i.e., in preparation for performing drilling rig operations. As shown in the
illustrative embodiment of Fig. 9B, the bi-directionally raisable drilling rig mast 530 may be
raised to a substantially vertical orientation by actuating the bi-directional mast raising
means, e.g., mast erection apparatuses 507, so as to pivotably rotate the mast 530 about the
pinned connections 503p of the mast shoes 503. The front leg braces 532 may then be
pivotably rotated about pinned connections 532p on front leg lugs 532L and removably
attached to the front leg support shoes 504 at pinned connections 504p. Thereafter, the upper
end of the each respective mast erection apparatus 507 may be detached the pinned
connection 534p on from a corresponding bi-directional mast erection connection 534 and
lowered to a staging position (not shown) during rig operations. Thereafter, further rig
assembly stages may continue, such as, for example, removably attaching a drawworks skid
(not shown) to the movable center floor section 520 in a manner previously described, and

the like.
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Figures 9C and 9D depict another illustrative embodiment of the mobile drilling rig
600 wherein a bi-directionally raisable drilling rig mast 530 may be raised from the back, or
drawworks, side 600b of the mobile drilling rig 600. As shown in Fig. 9C, the bi-
directionally raisable drilling rig mast 530 is pivotably attached to the mast shoes 503 on the
raisable substructure 500 substantially as is described with respect to Fig. 9A above, such that
the mast 530 is in a nominally horizontal position, i.e., prior to mast erection. However, as
shown in the illustrative embodiment of Fig. 9C, the bi-directionally raisable drilling rig mast
530 may be oriented in the opposite direction of the embodiment shown in Fig. 9A, that is,
toward the back side 600b of the mobile drilling rig 600. Furthermore, a lower box extension
skid 501e¢ may be securably attached to the lower box 501L at the back side 600b of the
mobile drilling rig 600 by way of a suitably designed skid connection 501¢c. Additionally, a
corresponding extension skid (not shown) may also be attached in a similar fashion to a

similarly configured second substructure box (not shown).

As with the embodiment shown in Fig. 9A, i.e., wherein the bi-directionally raisable
drilling rig mast 530 is raised from the front side 600f, the bi-directional mast raising means
e.g., the mast erection apparatuses 507, may be configured so that it can also be used to raise
the mast 530 from the back side 600b of the mobile drilling rig 600. For example, the mast
erection apparatuses 507 may similarly be pivotably attached at an upper end thereof to
respective bi-directional mast erection connections 534 on the mast 530 at associated pinned
connections 534p. However, since the bi-directionally raisable mast 530 is now oriented in a
substantially opposite direction for mast erection from the back side 600b of the mobile
drilling rig 600, rather than attaching the mast erection apparatuses 507 to the pinned
connection 507p at the front erection connections 507f on the lower box 501L (see, Figs. 9A

and 9B), the mast erection apparatuses 507 are pivotably attached at a lower end thereof to
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the back erection connections 507b proximate the back side 600b on the lower box extension

skid 501¢ at a corresponding pinned connection 507p.

Figure 9D shows the mobile drilling rig 600 of Fig. 9A after the bi-directionally
raisable drilling rig mast 530 has been raised from the back side 600b of the rig 600 to an
operating position. As shown in Fig. 9D, the bi-directionally raisable drilling rig mast 530
may be raised to a substantially vertical orientation by actuating bi-directional mast raising
means, e.g., the mast erection apparatuses 507, so as to pivotably rotate the mast 530 about
the pinned connections 503p. As with the illustrative embodiment of Figs. 9A and 9B, the
front leg braces 532 may then be removably attached to the front leg support shoes 504 as
previously described, and the upper end of the each respective mast erection apparatus 507
may be detached from the pinned connection 534p on a corresponding bi-directional mast
erection connection 534. Thereafter, the lower box extension skid 501e (as well as a
corresponding extension skid on the second substructure box) may be detached from the
connections 501c in preparation for further rig assembly stages, such as removably attaching

a drawworks skid (not shown) to the movable center floor section 520, and the like.

In various embodiments of the mobile drilling rig 600 disclosed herein, after
completion of drilling operations, the bi-directionally raisable drilling rig mast 530 may be
lowered to a nominally horizontal position during rig disassembly by, among other things,
pivotably attaching the mast erection apparatuses 507 to the bi-directional mast erection
connections 534, detaching the front leg braces 532 from the front leg support shoes 504, and
thereafter actuating the mast erection apparatuses to lower the mast 530. Additionally, as
may be appreciated by a person of ordinary skill having full benefit of the presently disclosed

subject matter, the bi-directionally raisable drilling rig mast 530 may be lowered in either
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direction, i.e., toward cither the front side 600f or the back side 600b of the mobile drilling
rig 600. Furthermore, and depending on the overall rig assembly and disassembly strategy,
the bi-directionally raisable drilling rig mast 530 may be both raised and lowered from the
same side of the mobile drilling rig 600, or the mast 530 may be raised from one side of the
rig 600 and lowered to the opposite side of the rig 600. For example, in certain illustrative
embodiments, the bi-directionally raisable drilling rig mast 530 may be raised from the front
side 600f of the mobile drilling rig 600 and lowered to the back side 600b, whereas in other
embodiments, the mast 530 may be raised from back side 600b and lowered to the front side
600f. In still other embodiments, the bi-directionally raisable drilling rig mast 530 may be
both raised and lowered from the front side 600f, or the mast 530 may be both raised and

lowered from the back side 600b.

Figures 10A-10J depict illustrative embodiments wherein the various mast sections of
a bi-directionally raisable drilling rig mast 760 of the present disclosure may be assembled
prior to mast erection. More specifically, Figs. I0A-10E show some exemplary steps that
may be used to assemble an illustrative bi-directionally raisable drilling rig mast 760 of a
mobile drilling rig 800 from the setback side, or back side 800f, of the rig 800, whereas
Figs. 10F-10J depict similarly illustrative steps that may be used to assemble a bi-
directionally raisable drilling rig mast 760 from the drawworks side, or back side 800b, of the

rig 800.

Figure 10A shows a preliminary assembly stage of the mobile drilling rig 800,
wherein a truck 750 may be used to move a trailer 751 supporting a bottom mast section 730
of the bi-directionally raisable drilling rig mast 760 across the ground 780 and adjacent to a

raisable substructure 700 in a similar fashion as was previously described with respect to
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Figs. 2A and 2B above. The raisable substructure 700 may be any one of the raisable
substructures previously described herein, e.g., raisable substructures 100 and 300 as
described with respect to Figs. 1A-7B and Figs. 8A-8K above, respectively, and as such may
therefore include a first substructure box 701 that is made up of upper and lower boxes 701u
and 701L, as well as a similarly configured second substructure box (not shown in Figs. 10A-
10J), such as the previously described second substructure boxes 102 and 302 illustrated in
Figs. 1A and 8A, respectively. Accordingly, since only the first substructure box 701 is
illustrated in Figs. 10A-10J, it should be understood that any reference made below to the
substructure box 701 and the various components thereof may be equally applicable to the

second similarly configured substructure box of the raisable substructure 700.

In certain illustrative embodiments, the bottom mast section 730 of the bi-
directionally raisable drilling rig mast 760 may be pivotably attached to the raisable
substructure 700 in any manner previously described with respect to any of the illustrative
embodiments disclosed herein. For example, the trailer 751 may be moved into an open
space between the substructure boxes of the raisable substructure 700, such as the open space
100s shown in Fig. 1A and described above. Next, a movable center floor section 720
positioned on the upper box 701u of the raisable substructure 700 (and a corresponding upper
box on a second substructure box, not shown), such as any movable center floor section
described herein, may be slidably moved toward the front side 800b of the mobile drilling rig
800 so that mast positioning lugs 721 on the movable center floor section 720 are positioned
substantially below center floor engagement lugs 736 on the front legs 732 of the bottom
mast section 730. Thereafter, substructure raising means, e.g., powered raising apparatuses
706 such as any of the powered raising apparatuses of the present disclosure, may be used to

raise the upper boxes of the raisable substructure 700 relative to respective lower boxes with
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the movable center floor section 720 positioned thereon until the mast positioning lugs 721
engage respective center floor engagement lugs 736. See, e.g., Fig. 2C, described above. In
some embodiments, actuation of the powered raising apparatuses 706 may then be continued
so that the lower end 730L of the bottom mast section 730 is raised off of the temporary mast

supports 737 on the trailer 751.

Figure 10B illustrates a subsequent rig assembly step, wherein the movable center
floor section 720 may be slidably moved so as to position the lower end 730L of the bottom
mast section 730 above the raisable substructure 700 in preparation for pivotably attaching
the bottom mast section 730 to the mast support shoes 703. One or more suitably sized
dollies or rollers 733 may be positioned near an upper end 730u of the bottom mast section
730 to facilitate a rolling movement of the bottom mast section 730 across the trailer 751. In
certain illustrative embodiments, the rear support legs 731 of the bottom mast section 730
may include pin holes 731h near the lower end 730L, and the mast support shoes 703 may
include corresponding pin holes 703h. See, Fig. 10A. As shown in Fig. 10, the lower end
730L of the bottom mast section 730 may be positioned so that the pin hole 731h on the rear
support legs 731 are substantially aligned with the pin holes 703h on the mast support shoes
703, after which a suitably sized pin (not shown) may be used to pivotably attach the bottom
mast section 730 to the raisable substructure 700, thereby forming the pinned connection

703p.

In at least some embodiments, the mobile drilling rig 800 may include bi-directional
mast raising means, such as, for example, mast erection apparatuses 707, which may be any
mast erection apparatus described herein. The mast erection apparatuses 707 may each be

pivotably attached to the raisable substructure 700 using suitably designed pinned
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connections, such as the pinned connection 707p on the lower box 701L shown in Fig. 10B.
Once the bottom mast section 730 has been pivotably attached to the mast support shoes 703
as described above, the mast erection apparatuses 707 may then be pivotably attached to
suitably sized mast erection lugs 734 on the bottom mast section 730 by way of appropriately
designed pinned connections 734p. Thereafter, the bi-directional mast raising means, e.g.,
the mast erection apparatuses 707, may be used to raise the upper end 730u of the bottom
mast section 730 so that the rollers 733 are raised off of the trailer 751 and therefore no
longer support the bottom mast section 730. The truck 750 and trailer 751 may then be
moved away from the front side 800f of the mobile drilling rig 800 in preparation for further

assembly steps of the bi-directionally raisable drilling rig mast 760.

Figure 10C shows a further mast assembly step, wherein a second mast section, i.e.,
an intermediate mast section 830, of the bi-directionally raisable drilling rig mast 760 has
been positioned adjacent to the bottom mast section 730, which, as previously described with
respect to Figs. 10A and 10B, has already been pivotably attached to the raisable substructure
700. As shown in Fig. 10C, the intermediate mast section 830 may be supported on a trailer
753, which may be positioned using a truck 752 so that the lower end 830L of the
intermediate mast section 830 is adjacent to the upper end 730u of the bottom mast section
730. Furthermore, the intermediate mast section 830 may be positioned such that the bi-
directional hook engagement connections 836 at the lower end 830L of the intermediate mast
section are aligned with and positioned substantially above corresponding bi-directional hook
connections 735 located at the upper end 730u of the bottom mast section 730. Additional
disclosure regarding the configurations and relative positioning of the above-noted bi-
directional hook and hook engagement connections will be described in further detail with

respect to Figs. 11A-11N, Fig. 11P, and Figs. 12A-12H below.
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In certain illustrative embodiments, the bi-directional mast raising means, e.g., the
mast erection apparatuses 707, may be used to lower the upper end 730u of the bottom mast
section 730 so that the bi-directional hook connections 735 are properly positioned
substantially below the bi-directional hook engagement connections 836. Implementation of
this step, however, may depend on the position and orientation of the intermediate mast
section 830 on the trailer 753 relative to the upper end 730u of the bottom mast section 730.
Once the bi-directional hook and hook engagement connections 736 and 836 have been
appropriately aligned and positioned (see, e.g., Figs. 11A-11N and Fig. 11P below), the mast
erection apparatuses 707 may be actuated so as to pivotably rotate the lower mast section 730
about the pinned connection 703p, thereby raising the upper end 730u of the bottom mast
section 730 relative to the lower end 830L of the intermediate mast section 830.
Furthermore, the upper end 730u of the bottom mast section 730 may be raised until the bi-
directional hook connections 735 hookingly engage the bi-directional hook engagement
connections 836, after which the intermediate mast section 830 may be removably secured to

the bottom mast section 730 in a suitable manner.

For example, in at least some embodiments, the bottom mast section 730 may be
secured to the intermediate mast section 830 by using suitably sized pin members to connect
each bi-directional hook connection 735 to a corresponding bi-directional hook engagement
connection 836, as is illustrated in Figs. 11A-11N and Fig. 11P, and which will be described
in further detail below. Thereafter, the partially assembled bi-directionally raisable drilling
rig mast 760, which is now made up of mast sections 730 and 830, may be raised using the
bi-directional mast raising means, e.g., mast erection apparatuses 707, so that the

intermediate mast section 830 is no longer supported by the trailer 753, after which the truck
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752 and trailer 753 may be moved away from the front side 800f of the mobile drilling rig

800.

Figures 10D and 10E illustrate further mast assembly steps, wherein a third mast
section, i.e., an upper mast section 840, of the bi-directionally raisable drilling rig mast 760
may be positioned adjacent to the intermediate mast section 830 using a truck 754 and trailer
755. Furthermore, bi-directional hook connections 835 located at the upper end 830u of the
intermediate mast section 830 may be attached to corresponding bi-directional hook
engagement connections 846 located at the lower end 840L of the upper mast section 840 in
the manner previously described with respect to the bi-directional connections 735 and 836.
Thereafter, the fully assembled bi-directionally raisable drilling rig mast 760 may be raised
from the front side 800f of the mobile drilling rig 800 substantially as illustrated in Figs. 9A

and 9B and described above.

Figures 10F-10J illustrate the bi-directionally raisable drilling rig mast 760 shown in
Figs. 10A-10E when assembled from the back side 800b of the mobile drilling rig 800.
Accordingly, as previously described with respect to Figs. 9C and 9D above, lower extension
skids may be attached to the lower substructure boxes of the raisable substructure 700, such
as the lower box extension skid 701e that is attached to the lower box 701L at connection
701c. Furthermore, in order to facilitate the various assembly and erection steps of the bi-
directionally raisable drilling rig mast 760 from the back side 800b, the bi-directional mast
raising means may be re-configured for back side raising, e.g., the mast erection apparatuses
707 may be pivotably attached to back lugs 707b by way of suitably designed pinned

connections 707p, such as was previously described with respect to Figs. 9C and 9D above.
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As shown in Fig. 10F, the bottom mast section 730 may be moved into position
adjacent to the raisable substructure 700 from the back side 800b of the mobile drilling rig
800 using the truck 750 and trailer 751, as previously described. In certain embodiments, a
movable center floor section (not shown) may be used to position the lower end 730L of the
bottom mast section 730 above the raisable substructure 700 in the manner previously
described with respect to various exemplary embodiments disclosed herein, such that the pin
holes 731h in the rear mast legs 731 are substantially aligned with the pin holes 703h in
respective mast support shoes 703. In other illustrative embodiments, the truck 750 may be
used to move the trailer 751 into an open space between the substructure boxes of the raisable
substructure 700, such as the open space 100s shown in Fig. 1A, until the pin holes 731h and

703h are substantially aligned as described above.

Once the pin holes 731h and 703h are substantially aligned, the pinned connection
703p may be used to pivotably attach the bottom mast section 730 to the mast support shoes
703. Thereafter, the mast erection apparatuses 707 may be pivotably attached to the mast
raising lugs 734 at respective pinned connections 734p, and the bottom mast section 730 may
be raised off of the trailer 751 as previously described. The truck 750 and trailer 751 can

then be moved away from the back side 800b of the mobile drilling rig 800.

As shown in Figs. 10H-10J, the intermediate and upper mast sections 830 and 840
may be aligned and positioned as previously described, the bi-directional hook connections
735, 835 may be removable secured to respective bi-directional hook engagement
connections 836, 846, also as previously described, so as to fully assembly the bi-
directionally raisable drilling rig mast 760. Thereafter, the bi-directionally raisable drilling

rig mast 760 may be erected from the back side 800b of the mobile drilling rig 800 using the
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bi-directional mast raising means, e.g., the mast erection apparatuses 707, as illustrated in

Figs. 9C and 9D and described above.

It should understood that while the illustrative bi-directionally raisable drilling rig
mast 760 depicted in Figs. 10A-10J is made up of three mast sections — i.e., a bottom mast
section 730, an intermediate mast section 830, and an upper mast section 840 — the exemplary
embodiments shown in Figs. 10A-10J are illustrative only. For example, in some illustrative
embodiments, a fewer number of mast sections, e.g., two mast sections, may be used,
whereas in other embodiments, four or more mast sections may be used. As may be
appreciated by a person of ordinary skill in the art having benefit of the present disclosure,
the total number of drilling rig mast sections may depend on several competing
considerations, such as the overall drilling rig design, the type of drilling mast employed, and

equipment logistical requirements, such as road transportation restrictions and the like.

Figures 11A-11N and Fig. 11P show some illustrative aspects of an exemplary bi-
directional mast connection system that may be used to removably secure the various mast
sections of a bi-directionally raisable drilling rig mast to one another. Figure 11A is a side
elevation view of an upper end 900u of a first mast section 900, and Figure 11B is a side
elevation view of a lower end 950L of second mast section 950 that will be positioned
immediately adjacent to the first mast section 900 in an assembled bi-directionally raisable
drilling rig mast. Figures 11C and 11D are plan views of the first and second mast sections

900 and 950 shown in Figs. 11A and 11B, respectively.

The following description of the mast sections depicted in Figs. 11A-11D is intended

to apply to any representative bi-directional mast connection system between any two
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adjacent mast sections of a bi-directionally raisable drilling rig mast. Accordingly, in certain
embodiments, the first mast section 900 may be representative of any mast section in any
fully or partially assembled bi-directionally raisable drilling rig mast disclosed herein that is
positioned lower than at least one other mast section, whereas the second mast section 950
may be representative of the mast section that is immediately adjacent to and higher than the
first mast section 900 in an assembled mast. For example, the upper end 900u of the first
mast section 900 shown in Figs. 11A and 11C may be representative of the upper end 730u of
the bottom mast section 730 depicted in the illustrative embodiments of Figs. 10A-10J, in
which case the lower end 950L of the second mast section 950 shown in Figs. 11B and 11D
may be representative of the lower end 830L of the intermediate mast section 830 — i.e., the
mast section that is adjacent to and immediately above the bottom mast section 730 in the bi-
directionally raisable drilling rig mast 760 shown in Figs. 10A-10J. Similarly, the upper end
900u of the first mast section 900 may be representative of the upper end 830u of the
intermediate mast section 830, whereas the lower end 950L of the second mast section 950

would be representative of the lower end 840L of the upper mast section 840.

As shown in the illustrative embodiment depicted in Figs. 11A and 11C, the upper
end 900u of the first mast section 900 may include a pair of spaced-apart first structural
members 901 positioned on a first side (e.g., the top side as depicted in Fig. 11A) of the first
mast section 900 and a pair of spaced-apart second structural members 904 positioned on a
second side of the first mast section 900 (e.g., the bottom side as depicted in Fig. 11A).
Additionally, the first (top) side of the first mast section 900 is spaced apart from the second
(bottom) side of the first mast section by a pair of connecting structural members 903, each of
which connects an end of a first structural member 901 to an end of a respective second

structural member 904. As shown in Fig. 11C, the first mast section 900 also includes a cross
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member 902 that runs between and connects the ends of the pair of spaced-apart first
structural members 901, and a cross brace 905 running diagonally from one first structural
member 901 to the other first structural member 901, such that both the cross member 902
and cross brace 905 are positioned on the first (top) side of the first mast section 900.
Accordingly, it should be appreciated that, after mast erection, the second structural members
904 (i.e., the second side of the first mast section 900) would be positioned along the setback
side, or front side 900f, of the mast section 900, as the first mast section 900 is open from that
side, i.e., no cross-members are present, thereby permitting relatively easy access to the space
inside of the first mast section 900 by tubular products and/or handling equipment. Likewise,
it should also be appreciated that, after mast erection, the first structural members 901, the
cross member 902, and the cross brace 905 would be positioned along the drawworks side, or
back side 900b, of the first mast section 900, and the cross member 902 and cross brace 905
would generally prevent easy access to the inside of the first mast section 900 from the
drawworks side 900b. See, i.e., the end view of the first mast section 900 shown in

Figs. 11E, 111 and 11L.

In certain embodiments, the upper end 900u of the first mast section 900 may also
have a bi-directional hook connection apparatus 900h, which may include, among other
things, a pair of first bi-directional hooks 911 fixedly attached to the ends of each of the pair
of first structural members 901. Similarly, a pair of second bi-directional hooks 912 may also
be fixedly attached to the ends of each of the pair of lower structural members 904. As
shown in Fig. 11A, each of the bi-directional hooks 911 have an open throat area 911t and
cach of the bi-directional hooks 912 have an open throat area 912t. Additionally, as shown in
Fig. 11A, the bi-directional hooks 911 and 912 are oriented in substantially opposite

directions, that is, wherein the open throats 911t of the first bi-directional hooks 911 are
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oriented substantially away from the first (top) side of the first mast section 900 — e.g.,
substantially upward, as shown in Fig. 11A — and in an opposite direction compared to the
open throats 912t of the second bi-directional hooks 912, which are oriented substantially
away from the second (bottom) side of the first mast section — e.g., substantially downward,

as shown in Fig. 11A.

In at least some embodiments, each of the first and second bi-directional hooks 911,
912 may have substantially the same overall configuration, such that each hook 911, 912 may
be able to properly engage a corresponding hook engagement connection, such as the first
and second bi-directional hook engagement connections 961 and 962 of the second mast
section 950 (see, Figs. 11B and 11D), irrespective of the specific orientations of the bi-
directional hooks 911, 912. For example, each of the first and second bi-directional hooks
911 and 912 may have respective hook engagement surfaces 911¢ and 912¢, which may be
adapted to hookingly engage suitably sized pin members when the first mast section 900 is
attached and secured to the second mast section 950 during the assembly of an illustrative bi-
directionally raisable drilling rig mast, as will be further described with respect to Figs. 11G-

11K and Figs. 11N and 11P below.

The bi-directional hook connection apparatus 900h may also include a pair of first
mast connection spacers 920 having contact faces 920f, and pair of second mast connection
spacers 922 having contact faces 922f. In certain embodiments, the first and second mast
connection spacers 920, 922 are adapted to facilitate the proper alignment and positioning of
the first and second bi-directional hook engagement connections 961 and 962 on the second
mast section 950 relative to the hook engagement surfaces 911e and 912¢ of the respective

first and second bi-directional hooks 911 and 912 during the hooking engagement
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therebetween that occurs as the second mast section 950 is attached to the first mast section

900.

In at least some embodiments, the first mast connection spacers 920 may include
spacer extension bars 920e, each of which in turn may be operatively coupled to a respective
spacer movement apparatus 921. The spacer movement apparatus 921 may be, for example,
suitably sized hydraulically or pneumatically actuated cylinders, which may be adapted to
move the first mast connection spacers 920 between respective pairs of first or second bi-
directional hooks 911 or 912, as may be required depending on the direction from which the
illustrative bi-directionally raisable drilling rig mast may be assembled and erected, i.e., the
front side 900f or the back side 900b, as will be further described below. In certain
embodiments, brackets 921b may be used to removably attach the spacer movement
apparatuses 921 to respective connecting structural members 903. Furthermore, brackets
920b may also be removably attached to respective connecting structural members 903,
which may be adapted to allow a sliding movement therethrough of respective spacer
extension bars 920e, thereby permitting the spacer movement apparatuses 921 to move

respective first mast connection spacers 920.

In at least some embodiments disclosed herein, the second mast connection spacers
922 may be pinned into position using a removable spacer pin 922p between the pairs of bi-
directional hooks that will be on the bottom side of the first mast section 900 when the first
mast section 900 is placed in a substantially horizontal orientation for assembling the second
mast section 950 thereto. Accordingly, the specific pairs of bi-directional hooks that may be
on the bottom side of the first mast section 900 when it is oriented horizontally will vary,

depending on whether the illustrative bi-directionally raisable drilling rig mast is assembled
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from the front side 900f of a respective drilling rig or from the back side 900b. For example,
when the bi-directionally raisable drilling rig mast is assembled from the front side 900f, the
setback side of the mast section 900 will be oriented downward, i.e., such that the second
structural members 904 and the pairs of second bi-directional hooks 912 are on the bottom
side of the mast section 900. On the other hand, when the bi-directionally raisable drilling rig
mast is assembled from the back side 900b, the drawworks side of the mast section 900 will
be oriented downward, i.e., such that the first structural members 904, the cross member 902,
the cross brace 905, and the pairs of first bi-directional hooks 911 are on the bottom side of

the mast section 900.

In the illustrative embodiment shown in Figs. 11A-11D, the upper and lower ends
900u and 950L of first and second mast sections 900 and 950, respectively, are depicted in a
substantially horizontal orientation, e.g., prior to assembling the second mast section 950 to
the first mast section 900. In the orientation shown in Fig. 11A, the first structural members
901, the cross member 902, the cross brace 905, and the first bi-directional hooks 911 are
positioned on the upper side of the first mast section 900, whereas the second structural
members 904 and the second bi-directional hooks 912 are positioned on the bottom side of
the first mast section 900. Accordingly, the second mast connection spacers 922 will each be
positioned between respective pairs of second bi-directional hooks 912 as shown in Fig. 11A,
i.e., at the bottom side of the first mast section 900, and thereafter pinned in place by
installing removable spacer pins 922p through respective aligned pin holes 912h and 922h in
the second bi-directional hooks 912 and the second mast connection spacers 922,

respectively.
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On the other hand, in those illustrative embodiments of the present disclosure wherein
the first mast section 900 is oriented for assembly and erection from the front side 900f, the
first mast connection spacers 920, the spacer extension bars 920e, and the spacer movement
apparatuses 921 may be removably attached to respective connecting structural members 903
in the position illustrated in Fig. 11A. Thereafter, the first mast connection spacers 920 may
be properly positioned between respective pairs of first bi-directional hooks 911 during the
connection of the second mast section 950 to the first mast section 900 as described below,
such that holes 920h in the first mast connection spacers 920 are substantially aligned with
holes 911h in the respective pairs of first bi-directional hooks 911. The removable spacer
pins 920p may then be installed through the aligned pin holes 911h and 920h so as to fix the

first mast connection spacers 920 in place, as will be further discussed below.

Figures 11B and 11D, are elevation and plan views, respectively of the lower end
950L of the second mast section 950. In some embodiments, the second mast section 950
may include a pair of spaced-apart first structural members 951 positioned on a first side
(e.g., the top side as depicted in Fig. 11B) of the second mast section 950 and a pair of
spaced-apart second structural members 954 positioned on a second side of the second mast
section 950 (e.g., the bottom side as depicted in Fig. 11B). Additionally, the first (top) side
of the second mast section 950 is spaced apart from the second (bottom) side of the first mast
section by a pair of connecting structural members 953, each of which connects an end of a
first structural member 951 to an end of a respective second structural member 954. The
second mast section 950 may also include first cross braces 956 positioned on the first side of
the second mast section 950 that runs diagonally from an end of each second structural
member 954 to a respective first structural member 951. Furthermore, a cross member 952

may also be positioned on the first side of the second mast section 950 and run between and
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connect the ends of the pair of spaced-apart first structural members 951, and a second cross
brace 955 may run diagonally from one first structural member 951 to the other first
structural member 951. Furthermore, similar to the first mast section 900 illustrated in
Figs. 11A and 11C and described above, it should be appreciated that the second structural
members 954 are positioned along the setback side, or front side 900f, of the second mast
section 950, whereas the first structural members 951, the cross member 952, and the second
cross brace 955 are positioned along the drawworks side, or back side 900b, of the second

mast section 950.

In certain embodiments, the lower end 950L of the second mast section 950 may also
have a bi-directional hook engagement apparatus 950e, which may include, among other
things, a first bi-directional hook engagement connection 961 fixedly attached to the ends of
cach of the first structural members 951. Similarly, bi-directional hook engagement
connections 962 may also be fixedly attached to the ends of each of the lower structural
members 954. As shown in Figs. 11B and 11D, each bi-directional hook engagement
connection 961 and 962 may also include a spacer plate 963 on cither side thereof, i.e., a pair
of spacer plates 963 on each respective bi-directional hook engagement connection 961, 962,
and have a respective contact face 961f, 962f at an exposed end thereof. Furthermore, the bi-
directional hook engagement connections 961, 962 may have respective pin holes 961h, 962h
passing therethrough, which may be adapted to receive respective suitably sized pin
members, such as the pin members 961p, 962p shown in Figs. 11G, 11H and 11K (described
in further detail below), which may be installed during the attachment of the second mast

section 950 to the first mast section 900.
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In at least some embodiments, cach of the first and second bi-directional hook
engagement connections 961 and 962 may have substantially the same overall configuration,
with the exception of the orientation of the spacer plates 963 attached to ecither side of the
hook engagement connections 961, 962. In this way, each bi-directional hook engagement
connection 961, 962 may be able to properly engage a corresponding bi-directional hook 911,
912 irrespective of the orientation of the first and second mast sections 900 and 950 during

the assembly of the illustrative bi-directionally raisable drilling rig mast.

In certain embodiments of the present disclosure, the width 910w (see, Fig. 11C) of
the spaces between each pair of first and second bi-directional hooks 911, 912 on the first
mast section 900 may be adapted so as to receive a corresponding bi-directional hook
engagement connection 961, 962 during the attachment of the second mast section 950 to the
first mast section 910. Accordingly, the total thickness 960t of each hook engagement
connection 961, 962, including the thickness of the spacer plates 963 attached thereto, may be
sized so as to be substantially the same as the width 910w, less a suitable amount of clearance
and associated tolerance so as to form a proper pinned connection between each pair of first
and second bi-directional hooks 911, 912 and the corresponding first and second hook
engagement connections 961, 962, after the respective pin members 961p, 962p (see,
Figs. 11G, 11H and 11K) have been installed therein. Furthermore, in at least some
embodiments, each spacer plate 963 may have a front taper/chamfer 963c, so as to facilitate
easier insertion of each first and second bi-directional hook engagement connection 961, 962
between corresponding pairs of first and second bi-directional hooks 911, 912, as will be

further described below.
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Figure 11E is an end view of the illustrative first mast section 900 when viewed along
the view line “11E-11E” shown in Fig. 11A. As shown in Fig. 11E, the first mast section 900
is depicted as being oriented for assembly and erection from the front side of an illustrative
mobile drilling rig. Accordingly, the cross member 902 and the first bi-directional hooks
911, i.e., the drawworks side or back side 900b of the first mast section 900, are positioned
along the upper side of the first mast section 900, whereas the second bi-directional hooks
912, i.e., the setback side or front side 900f of the first mast section, are positioned along the
bottom side of the first mast section 900. Furthermore, a second mast connection spacer 922
is pinned in place between each pair of bi-directional hooks 912 with the removable spacer
pins 922p, as previously described. Moreover, the first mast connection spacers 920, the
spacer extension bars 920e, and the spacer movement apparatuses 921 are removably
attached to respective connecting structural members 903 with brackets 920b and 921b,
wherein however the first mast connection spacers 920 have not yet been fully moved into a
final position between respective pairs of first bi-directional hooks 911 by the spacer

movement apparatuses 921.

Figure 11F is a close-up view of an illustrative first mast connection spacer 920, first
bi-directional hooks 911, and spacer movement apparatus 921 as shown in view “11F” of
Fig. 11E. As shown in Fig. 11F, the pin hole 920h through the first mast connection spacer
920 is not aligned with the pin holes 911h through the pair of bi-directional hooks 911.
Furthermore, alignment of the pin holes 911h and 920h will not occur until the second mast
section 950 has been attached to the first mast section 900, as will be further described in
detail below. Additionally, Fig. 11F shows that the cross member 902 is connected to the

connecting structural member 903 immediately adjacent to the first bi-directional hooks 911,
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indicating that the first mast section 900 is oriented for assembly and erection from the front

side 900f of an illustrative mobile drilling rig.

Figures 11G and 11H illustrate the assembly of the upper end 900u of the first mast
section 900 to the lower end 950L of the second mast section 950 when using the bi-
directional hook connection apparatus 900h and the bi-directional hook engagement
apparatus 950¢ shown in Figs. 11A-11F and described above. More specifically, the cross
members 902 and 952 are shown in Figs. 11G and 11H as being positioned along the upper
side of each respective mast section 900 and 950, and therefore depict mast assembly steps
wherein the first and second mast sections 900, 950 are being assembled from the setback

side, or front side 900f, of an illustrative mobile drilling rig disclosed herein.

As shown in Fig. 11G, the upper end 900u of the first mast section 900 may
positioned and oriented so that the hook engagement surfaces 911¢, 912¢ of the respective
first and second bi-directional hooks 911, 912 are positioned substantially below the
respective pin holes 961h, 962h in the respective first and second hook engagement
connections 961, 962. In some embodiments, the above-noted positioning of the first mast
section 900 may be accomplished by pivotably rotating the mast section 900 about pinned
connections on respective mast support shoes (such as the pinned connections 703p on the
mast support shoes 703 shown in Figs. 10A-10E) using illustrative mast raising means (such
as the mast erection apparatuses 707, also shown in Figs. 10A-10E). In certain embodiments,
the centerline 900c of the first mast section 900 may be rotated downward by an angle 900a
below a substantially horizontal plane 900p until the hook engagement surfaces 911e, 912¢

are positioned below the pinholes 961h, 962h as described above. Suitably sized pin
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members 961p may then be installed into the pin holes 961h in the first bi-directional hook

engagement connections 961.

After the pin members 961p have been installed into the pin holes 961h of the first
hook engagement connections 961, the first bi-directional hooks 911 may be raised by
pivotably rotating the first mast section 900 upward using the previously noted mast raising
means (such as the mast erection apparatuses 707) so that the pin members 961p enter the
open throat arcas 911t (see, Fig. 11A) of ecach pair of bi-directional hooks 911. Thereafter,
the pin members 961p may contact the pairs of respective first bi-directional hooks 911 and
slide forward until the pin members 961p substantially hookingly engage the hook

engagement surfaces 911¢ of the respective first hooks 911, as shown in Fig. 11H.

In some illustrative embodiments, the first mast section 900 may be further raised
after the pin members 961p have substantially hookingly engaged the hook engagement
surfaces 911e as described above, thereby causing the second mast section 950 to pivotably
rotate about the pin members 961p until the contact faces 962f on the front ends of the second
bi-directional hook engagement connections 962 engage, or slide between, corresponding
pairs of second hooks 912 so as to move into bearing contact with the contact faces 922f on
the previously installed corresponding second mast connection spacers 922. In this
configuration, the overturning moment caused by the cantilevered dead weight of the second
mast section 950 may be resisted by a force couple within the bi-directional hook connection
apparatus 900h and the bi-directional hook engagement apparatus 950e¢, wherein a
substantially axial upper force (i.e., along the axis of the drilling rig mast) is induced by the
reaction of the pin members 961p on the hook engagement surfaces 91le, and a

corresponding substantially axial lower force is induced by the reaction of the contact faces
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962f on the contact faces 922f. Thereafter, pin members 962p may be installed into the pin
holes 962h in the second bi-directional hook engagement connections 962, thereby locking
into place the connection between the second bi-directional hooks 912 and the second hook

engagement connections 962.

Furthermore, the connection between the first bi-directional hooks 911 and the second
hook engagement connections 961 may also be locked into place by actuating the spacer
movement apparatuses 621 to extend push rods 921r and move the first mast connection
spacers 920 between respective pairs of first bi-directional hooks 911. In certain
embodiments, the push rods 921r are operatively coupled to respective spacer extension bars
920e, and therefore act to slidably move the spacer extension bars 920¢ through the bracket
920b. Accordingly, the first mast connection spacers 920 may be pushed upward into their
final positions between pairs of first bi-directional hooks 911, such that the contact faces 920f
on the spacers 920 are substantially in contact with the contact faces 961f on the ends of each
respective first hook engagement connection 961. Thereafter, removable spacer pins 920p
may be installed into the aligned pin holes 911h and 920h on the first hooks 911 and the first

mast connection spacers 920, respectively.

Figure 111 is an end view of the illustrative first mast section 900 when viewed along
the view line “111-111” shown in Fig. 11H, after the connection between the first mast section
900 and the second mast section 950 has been completed, i.e., after the respective first mast
connection spacers 920 have been pinned in place with the removable spacer pins 920p.
Figure 11J is a close-up view of the illustrative first mast connection spacer 920 as shown in
the detail view “11J” of Fig. 111. As shown in Fig. 11J, the pin hole 920h through the first

mast connection spacer 920 has been aligned with the pin holes 911h through the pair of bi-
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directional hooks 911 (see, Figs 11E and 11F), and the removable spacer pin 920p has been

inserted therethrough.

Figure 11K is an plan view of the illustrative first and second mast sections 900 and
950 when viewed along the view line “11K-11K” shown in Fig. 11H, after the connection
between the first mast section 900 and the second mast section 950 has been completed. As
shown in Fig. 11K, each pin member 961p passes through a first bi-directional hook
engagement connection 961, as well as through a respective pair of first bi-directional hooks
911. Furthermore, the first mast connection spacers 920 have been positioned between
respective pairs of first bi-directional hooks 911 such that contact faces 920f on the spacers
920 are substantially in contact with the contact faces 961f on the respective bi-directional

hook engagement connections 961.

Figure 11L is an end view of the illustrative first mast section 900 of a bi-directionally
raisable drilling rig mast as shown in Figs. 1A and 11C, wherein however the first mast
section 900 has been oriented for assembly and erection from the drawworks side, or back
side 900D, of an illustrative mobile drilling rig of the present disclosure. More specifically, as
shown in Fig. 11L, the first mast section 900 is oriented so that the cross member 902 and the
first bi-directional hooks 911 (i.e., the back side of the first mast section 900) are positioned
along the bottom side of the first mast section 900, whereas the second bi-directional hooks
912 (i.e., the front side of the first mast section 900) are positioned along the upper side of the
first mast section 900. Furthermore, the positions of the first and second mast connection
spacers 920 and 922 have been reversed relative to the various elements of the first mast
section 900. For example, while the second mast connection spacers 922 are still positioned

at the bottom side of the first mast section 900 as they were in the previous illustrative
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embodiment (see, i.e., Figs. 11E and 111), they are now pinned in place between pairs of first
bi-directional hooks 911, rather than second pairs of bi-directional hooks 912, since the
orientation of the first mast section 900 has been reversed. More specifically, the second
mast connection spacers 922 are pinned in place between the first hooks 911 by substantially
aligning the pin holes 911h in the first hooks 911 with the pin holes 922h in the second
spacers 922 and installing the removable spacer pin 922p. Similarly, the removable brackets
920b and 921b and been repositioned as shown in Fig. 11L, so that spacer movement
apparatuses 921 may be actuated so as position the first mast connection spacers 920 between
respective pairs of second bi-directional hooks 912 and substantially align the pin holes 920h
in the first spacers 920 with the pin holes 912h in the second hooks 912 during the connection

operation of the second mast section 950 to the first mast section 900.

Figure 11M is a close-up view of an illustrative first mast connection spacer 920, first
bi-directional hooks 911, and spacer movement apparatus 921 as shown in view “11M” of
Fig. 11L. As shown in Fig. 11M, the arrangement is substantially the same as shown in
Fig. 1F and described above, wherein however the cross member 902 is not shown, as its
position relative to the first mast connection spacer 920 has been reversed, i.e., it is located at

the opposite end of the connecting structural member 903 relative to the spacer 920.

Figures 11N and 11P illustrate the assembly of the upper end 900u of the first mast
section 900 to the lower end 950L of the second mast section 950 when using the bi-
directional hook connection apparatus 900h and the bi-directional hook engagement
apparatus 950¢ described above, and wherein the first and second mast sections 900, 950 are
being assembled from the drawworks side, or back side 900b, of an illustrative mobile

drilling rig. As shown in Figs. 1IN and 11P, the various mast assembly steps are
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substantially similar to those outlined with respect to Figs. 11G and 11H above, wherein
however the positions and orientations of the first and second mast sections 900 and 950 have
been reversed. For example, as noted previously, in Figs. 11N and 11P, the upper end 900u
of the first mast section 900 is oriented toward the back side 900b of an illustrative mobile
drilling rig, as compared to being oriented toward the front side 900f of a rig as shown in
Figs. 11G and 11H. Furthermore, the positions of the first and second mast connection
spacers 920 and 922 have also been reversed relative to the positions of the various other
elements of the first and section mast sections 900 and 950. For example, as shown in
Fig. 11H, after the second mast section 950 has been attached to the first mast section 900,
the second mast connection spacers 922 are pinned between pairs of first bi-directional hooks
911, whereas the first mast connection spacers 920 are pinned between pairs of second bi-
directional hooks 912. Otherwise, as noted above, the mast assembly sequence is

substantially as outlined with respect to Figs. 11G and 11H, and will not be repeated here.

It should be appreciated by those having ordinary skill in the art that the description
set forth above related to the various structural members that may be included in the first and
second mast sections 900 and 950, respectively, are illustrative only, and should therefore not
be considered as limiting in any way. Accordingly, it should be understood that it is within
the overall spirit and scope of the present disclosure to use specific configurations of
structural members, connection member, cross members, and cross braces other than those
described above in conjunction with the disclosed bi-directional hook connection apparatuses

900h and bi-directional hook engagement apparatuses 950e.

Furthermore, while the specific embodiments described with respect to Figs. 11A-

11N and 11P above are directed to attaching pairs of illustrative bi-directional hooks 911 and
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912 to the first and second structural members 901 and 904 on both sides of the first mast
section 900, the bi-directional mast connection concepts disclosed herein are equally
functional when pairs of bi-directional hooks 911 and 912 are attached to first and section
structural members 901 and 904 on only one side or the other of the first mast section 900.
Accordingly, it is also therefore within the scope of the present disclosure to attach
illustrative bi-directional hook engagement connections 961 and 962 to the first and second
structural members 951 and 954 on only one corresponding side of the second mast section

950.

Figures 12A-12H are illustrative perspective views showing various steps for
assembling first and second mast sections 900 and 950 of a bi-directionally raisable drilling
rig mast from the setback side of an illustrative mobile drilling rig, wherein some aspects of
the mast sections 900 and 950 shown in Figs. 12A-12H are substantially similar to the first
and second mast sections 900 and 950 shown in Figs. 11A-11K and described above. More
specifically, Figs. 12A-12D depict four illustrative steps of attaching the lower end 950L of
the second mast section 950 to the upper end 900u of the first mast section 900 when viewed
from the side of the first mast 900, whereas Figs. 12E-12H depict the same four illustrative

steps shown in Figs. 12A-12D when viewed from the side of the second mast section 950.

As shown in Figs. 12A and 12E, the upper end 900u of the first mast section 900 is
angled downward so that the pin members 961p installed in each of the first bi-directional
hook engagement connections 961 are positioned substantially above the hook engagement
surfaces 911e of the bi-directional hooks 911, and so that the pin holes 962h in each of the
second bi-directional hook engagement connections 962 are positioned substantially above

the hook engagement surfaces 912¢ of the bi-directional hooks 912, as shown in Fig. 11G and
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described above. Moreover, the first and second hook engagement connections 961 and 962
are aligned so that each may be installed between pairs of respective bi-directional hooks 911

and 912.

Figures 12B and 12F show a further illustrative step of connecting the lower end 950L
of the second mast section 950 to the upper end 900u of the first mast section 900, after the
first mast section 900 has been rotatably pivoted about an illustrative pinned mast connection
(not shown in Figs. 12A-12H, see, e.g., the pinned mast connection 703p shown in Figs. 10A-
10E) so that the first bi-directional hooks 911 are raised relative to the first bi-directional
hook engagement connections 961. Furthermore, as shown in Fig. 12B, the pin members
961p have each slid into engaging contact with the hook engagement surfaces 911¢ on the
first hooks 911, and the pin holes 962h in each of the second hook engagement connections
912 are substantially aligned with the pin engagement surfaces 912¢ on cach of the second

hooks 912.

Figures 12C and 12G show the second mast section 950 and the first mast section 900
during a further mast assembly stage, wherein pin members 962p have also been installed
into the pin holes 962h in each of the second bi-directional hook engagement connections
962, thereby locking in place the connection between the second hooks 912 and the second
hook engagement connections 962. Figures 12D and 12H show the assembly of the bi-
directionally raisable drilling rig mast during a subsequent stage, after the spacer positioning
apparatuses 921 have been actuated so as to extend the push rods 921r, thereby pushing the
first mast connection spacers 920 into final position between respective pairs of first bi-

directional hooks 911.
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As a result, the subject matter of the present disclosure provides details of various
aspects of a mobile drilling rig having a movable center floor section and raisable
substructure that can be used to facilitate the assembly and installation of large and/or heavy
drilling rig components, such as the drilling rig mast sections and the rig drawworks and the
like, without relying on the use of a conventional crane to lift and/or position the rig
components. Furthermore, the disclosed subject matter is provides details of various aspects
of bi-directionally raisable drilling rig masts, which may be assembled and erected from

either side of an illustrative mobile drilling rig.

The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those skilled
in the art having the benefit of the teachings herein. For example, the method steps set forth
above may be performed in a different order. Furthermore, no limitations are intended to the
details of construction or design herein shown. It is therefore evident that the particular
embodiments disclosed above may be altered or modified and all such wvariations are
considered within the scope and spirit of the invention. Accordingly, the protection sought

herein is as set forth in the claims below.
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CLAIMS

WHAT IS CLAIMED:

1. A bi-directionally raisable drilling rig mast system, comprising:
5 a drilling rig mast (530) comprising a bi-directional mast erection connection (534);
a first erection connection (507f) positioned proximate a first side (600f) of a rig
substructure (500);
a second erection connection (507b) positioned proximate a second side (600b) of
said rig substructure (500), said second side (600b) being at an opposite side
10 of said rig substructure (500) from said first side (600f);
at least one mast erection apparatus (507) having an upper end that is adapted to be
pivotably attached to said bi-directional mast erection connection (534) and a
lower end that is adapted to be pivotably attached to said first erection
connection (507f) for erecting said drilling rig mast (530) from said first side
15 (600f) of said rig substructure (600f), said lower end being further adapted to
be pivotably attached to said second erection connection (507b) for erecting
said drilling rig mast (530) from said second side (600b) of said rig

substructure (500).

20 2. The bi-directionally raisable drilling rig mast system of claim 1, further
comprising a mast support shoe (503) attached to said rig substructure (500), wherein a
bottom mast section (103, 303, 703) of said drilling rig mast (530) is adapted to be pivotably

attached to said mast support shoe (503).
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3. The bi-directionally raisable drilling rig mast system of claim 1, wherein said
first erection connection (507f) is attached to a lower substructure box (501L) of said rig
substructure (500) proximate a first end of said lower substructure box (501L), said first end

corresponding to said first side (600f) of said rig substructure (500).

4. The bi-directionally raisable drilling rig mast system of claim 3, wherein said
second erection connection (507b) is on an extension skid (501¢) attached to a second end of
said lower substructure box (501L), said second end corresponding to said second side (600b)

of said rig substructure (500).

5. The bi-directionally raisable drilling rig mast system of claim 1, wherein said
first side (600f) of said rig substructure (500) corresponds to a setback side of a drilling rig
(600) and said second side (600b) of said rig substructure (500) corresponds to a drawworks

side of said drilling rig (600).

6. The bi-directionally raisable drilling rig mast system of claim 2, wherein said
drilling rig mast (530) comprises said bottom mast section (103, 303, 703) and at least one
further mast section (830, 840) removably attached to said bottom mast section (103, 303,

703).

7. The bi-directionally raisable drilling rig mast system of claim 6, wherein a
connection between said bottom mast section (103, 303, 703) and said at least one further
mast section (830, 840) comprises a bi-directional mast connection system that is adapted to

facilitate said removable attachment of said at least one further mast section (830, 840) to
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said bottom mast section (103, 303, 703) after said bottom mast section (103, 303, 703) has

been pivotably attached to said mast support shoe (503).

8. The bi-directionally raisable drilling rig mast system of claim 7, wherein said
bi-directional mast connection system is adapted to facilitate said removable attachment of
said at least one further mast section (830, 840) to said bottom mast section (103, 303, 703)
when said drilling rig mast (530) is oriented for erection from said first side (600f) of said rig
substructure (500), said bi-directional mast connection system being further adapted to
facilitate said removable attachment of said at least one further mast section (830, 840) to
said bottom mast section (103, 303, 703) when said drilling rig mast (530) is oriented for

erection from said second side (600b) of said rig substructure (500).

9. A bi-directional drilling rig mast connection system, comprising:

a first mast section (900) having first and second spaced-apart sides (901, 904) and
comprising a first bi-directional connection apparatus (900h) positioned at an
upper end (900u) thereof; and

a second mast section (950) having first and second spaced-apart sides (951, 954) and
comprising a second bi-directional connection apparatus (950¢) positioned at a
lower end (950L) thereof, wherein said second bi-directional connection
apparatus (950¢) is adapted to engage said first bi-directional connection
apparatus (900h) so as to removably attach said second mast section (950) to
said first mast section (900) when said first and second mast sections (900,
950) are in a substantially horizontal orientation and said respective first sides
(901, 951) of said first and second mast sections (900, 950) are oriented in a

substantially upward direction, said second bi-directional connection apparatus
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(950¢) being further adapted to engage said first bi-directional connection
apparatus (900h) so as to removably attach said second mast section (950) to
said first mast section (900) when said first and second mast sections (900,
950) are in a substantially horizontal orientation and said respective second
sides (904, 954) of said first and second mast sections (900, 950) are oriented

in said substantially upward direction.

10.  The bi-directional drilling rig mast connection system of claim 9, wherein said
first bi-directional connection apparatus (900h) comprises a plurality of bi-directional hooks
(911, 912) and said second bi-directional connection apparatus (950¢) comprises a plurality
of bi-directional hook engagement connections (961, 962), cach of said bi-directional hooks
(911, 912) being adapted to hookingly engage a pin member (961p , 962p) positioned in a pin
hole (961h , 962h) of a respective one of said plurality of bi-directional hook engagement
connections (961, 962) when said second mast section (950) is removably attached to said

first mast section (900).

11.  The bi-directional drilling rig mast connection system of claim 9, wherein said
first bi-directional connection apparatus (900h) comprises a plurality of first bi-directional
hooks (911) fixedly attached to said first side (901) of said first mast section (900) and a
plurality of second bi-directional hooks (912) fixedly attached to said second side (904) of

said first mast section (900).

12.  The bi-directional drilling rig mast connection system of claim 11, wherein
cach of said plurality of first bi-directional hooks (911) has a first open throat area (911t) that

is oriented in a first direction and wherein each of said plurality of second bi-directional
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hooks (912) has a second open throat area (912t) that is oriented in a second direction that is

substantially opposite to said first direction.

13.  The bi-directional drilling rig mast connection system of claim 12, wherein
said first direction is oriented substantially away from said first side (901) of said first mast
section (900) and said second direction is oriented substantially away from said second side

(904) of said first mast section (900).

14.  The bi-directional drilling rig mast connection system of claim 11, wherein
said second bi-directional connection apparatus (950¢) comprises a plurality of first bi-
directional hook engagement connections (961) fixedly attached to said first side (951) of
said second mast section (950) and a plurality of second bi-directional hook engagement
connections (962) fixedly attached to said second side (954) of said second mast section

(950).

15.  The bi-directional drilling rig mast connection system of claim 14, further
comprising a plurality of pin members (961p, 962P), wherein each of said plurality of first bi-
directional hook engagement connections (961) comprises a first pin hole (961h) and each of
said second bi-directional hook engagement connections (962) comprises a second pin hole
(962h), each of said first and second pin holes (961h, 962h) being adapted to receive a

respective one of said plurality of pin members (961p, 962p).

16.  The bi-directional drilling rig mast connection system of claim 15, wherein
cach of said plurality of pin members (961p, 962p) is adapted to hookingly engage a hook

engagement surface (911e, 912¢) on a respective one of said pluralities of first and second bi-
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directional hooks (911, 912) when said second mast section (950) is removably attached to

said first mast section (900).

17.  The bi-directional drilling rig mast connection system of claim 16, wherein,
when said second mast section (950) is removably attached to said first mast section (900)
with said respective first sides (901, 951) of said first and second mast sections (900, 950)
oriented in a substantially upward direction, one of said plurality of pin members (961p) is
adapted to be inserted into a respective first pin hole (961h) of ecach of said plurality of first
bi-directional hook engagement connections (961) prior to hookingly engaging said hook
engagement surface (911¢) on a corresponding one of said plurality of first bi-directional
hooks (911) and wherein one of said plurality of pin members (962p) is adapted to be inserted
into a respective second pin hole (962h) of each of said plurality of second bi-directional
hook engagement connections (962) after said respective second pin hole (962h) is
substantially aligned with said hook engagement surface (912¢) on a corresponding one of

said plurality of second bi-directional hooks (912).

18.  The bi-directional drilling rig mast connection system of claim 16, wherein,
when said second mast section (950) is removably attached to said first mast section (900)
with said respective second sides (904, 954) of said first and second mast sections (900, 950)
oriented in a substantially upward direction, one of said plurality of pin members (962p) is
adapted to be inserted into a respective second pin hole (962h) of each of said plurality of
second bi-directional hook engagement connections (962) prior to hookingly engaging said
hook engagement surface (912¢) on a corresponding one of said plurality of second bi-
directional hooks (912) and wherein one of said plurality of pin members (961p) is adapted to

be inserted into a respective first pin hole (961h) of each of said plurality of first bi-
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directional hook engagement connections (961) after said respective first pin hole (96h) is
substantially aligned with said hook engagement surface (911¢) on a corresponding one of

said plurality of first bi-directional hooks(911).

19.  The bi-directional drilling rig mast connection system of claim 14, further
comprising a plurality of mast connection spacers (920, 922) that are adapted to be positioned
between said first mast section (900) and an end of each one of said pluralities of first and
second bi-directional hook engagement connections (961, 962) so as to lock said connection

between said first and second mast sections (900, 950).

20. A method, comprising:

positioning a lower end (950L) of a substantially horizontally oriented first mast
section (950) of a bi-directionally raisable drilling rig mast (530, 760) adjacent
to an upper end (900u) of a substantially horizontally oriented second mast
section (900) of said bi-directionally raisable drilling rig mast (530, 760), said
upper end (900u) of said second mast section (900) being oriented in a first
direction relative to a drilling rig substructure (500, 700);

engaging a first lower hook engagement connection (961) proximate said lower end
(950L) of said first mast section (950) with a first upper hook connection
(911) proximate said upper end (900u) of said second mast section (900), said
first lower hook engagement connection (961) and said first upper hook
connection (911) being positioned on respective first sides (951, 901) of said
first and second mast sections (950, 900);

after engaging said first lower hook engagement connection (961) with said first

upper hook connection (911), engaging a second lower hook engagement
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connection (962) proximate said lower end (950L) of said first mast section
(950) with a second upper hook connection (912) proximate said upper end
(900u) of said second mast section (900), said second lower hook engagement
connection (962) and said second upper hook connection (912) being
positioned on respective second sides (954, 904) of said first and second mast
sections (950, 900) that are opposite of said respective first sides (951, 901);
and

after engaging said first and second lower hook engagement connections (961, 962)
with said respective first and second upper hook connections (911, 912),
raising said assembled bi-directionally raisable drilling rig mast (530, 760)
from a substantially horizontal orientation to a substantially vertical

orientation for drilling operations.

21.  The method of claim 20, wherein engaging said first upper hook engagement
connection (961) with said first lower hook connection (911) comprises hookingly engaging a
first pin member (961p) positioned in a first pin hole (961h) of said first upper hook
engagement connection (961) with a first hook engagement surface (911¢) of said first upper

hook connection (911).

22. The method of claim 21, wherein engaging said second upper hook
engagement connection (962) with said second lower hook connection (912) comprises
pivotably rotating said first mast section (950) about said first pin member (961p) so as to
substantially align a second pin hole (962h) of said second lower hook engagement

connection (962) with a second hook engagement surface (912¢) of said second upper hook
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connection (912) and thereafter inserting a second pin member (962p) into said second pin

hole (962h).

23.  The method of claim 22, further comprising positioning first and second mast
connection spacers (920, 922) between said first and second mast sections (950, 900), said
first mast connection spacer (920) being positioned proximate said first upper hook
connection (911) and said first side (901) of said second mast section (900), said second mast
connection spacer being positioned proximate said second upper hook connection (912) and

said second side (904) of said second mast section (900).

24. The method of claim 23, wherein substantially aligning said second pin hole
(962h) with said second hook engagement surface (912¢) comprises positioning said second
mast connection spacer (922) proximate said second upper hook connection (912) prior to
pivotably rotating said first mast section (950) about said first pin member (961h), wherein
pivotably rotating said first mast section (950) brings an end of said second lower hook
engagement connection (962) into bearing contact with a face (922f) of said second mast

connection spacer (922).

25.  The method of claim 23, further comprising locking said first and second mast
sections (950, 900) in an assembled configuration by positioning said first mast connection
spacer (920) proximate said first upper hook connection (911) after inserting said second pin
member (962p) into said second pin hole (962h) so that a face (920f) of said first mast
connection spacer (920) is adjacent to an end of said first lower hook engagement connection

(961).
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26.  The method of claim 21, wherein hookingly engaging said first pin member
(961p) with said first hook engagement surface (911¢) of said first upper hook connection
comprises passing said first pin member (961p) through an open throat area (911t) of said
first upper hook connection (911), said open throat arca (911t) being oriented substantially

upward and away from said first side (901) of said second mast section (900).

27.  The method of claim 23, further comprising lowering said bi-directionally
raisable drilling rig mast (530, 760) from said substantially vertical orientation to a second
substantially horizontal orientation so that said upper end (900u) of said second mast section
(900) is oriented in a second direction relative to said drilling rig substructure (500, 700) that

is substantially opposite to said first direction.

28.  The method of claim 27, further comprising disassembling said first mast
section (950) from said second mast section (900) after lowering said bi-directionally raisable
drilling rig mast (530, 760) so that said upper end (900u) of said second mast section (900) is

oriented in said second direction.

29.  The method of claim 28, wherein disassembling said first mast section (950)
from said second mast section (900) comprises:
removing said first pin member (961p) from said first pin hole (961h) that is
substantially aligned with said first hook engagement surface (911¢);
after removing said first pin member (961p), moving said second mast connection
spacer (922) from said position between said first and second mast sections

(950, 900);
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after moving said second mast connection spacer (922), pivotably rotating said first
mast section (950) about said second pin member (962h) and disengaging said
second pin member (962h) from a hooking engagement with said second hook

engagement surface (912¢) of said second upper hook connection (912).

10

15



PCT/US2013/037906

WO 2013/163252

1/55

Jo0T

TIOL 801 401

VI 81

\
w
¥
ol 5601
AR
801 s01 LI1 SOT LIT ST LII SOF  LIT Sof 1ol
- ® - SG0T - 602
061 | x\
301 801 sor c1r 01 gor L1 sir o LI1 ser LI SO K20l
5 S — - i
u WLTILIL 601 201
1Jol S60T = m
1
W - G701
/
TZ01 801 LOI \
nzoy
007

007 —~



PCT/US2013/037906

2{55

WO 2013/163252

D1 81

0T TIO  ‘T20T 9401 |0FI ZIT TIT T80T $01 35171 801 111 8511 €17 zo1 door
G 2 Y 2
osr (L& NI S N - VAT
4 S, \ reee S sl | £ i i i
Nwmi\% W 7 ey ﬁ i
071 —|STL ~¥TL ST 1801 &%\\M 801 11011 oo \EN
1 7 i ngor  \ (
ez £21 9601 L0 | ce ol 4g0! 001
ogr —~ 061 —
60z —
wﬁwm Tio1
/A e)e) A
081 —
A /
051 ISt
071 —




PCT/US2013/037906

WO 2013/163252

3/558

qI 81

10T 7801 TI01 dior :N @m& JZO01 1T gerr £ir ol dggr
3 3 , ¥
5 @ﬁwi \ecw _ iﬁ% T //ﬁ // \
Fornnnnnde, Pexssd” e
7 . %smw 011 m.ﬁm.mm / 807 _.\aimmw
Tyl BCrr ngpp Vv e Borp
& N Iy &wﬁm@mmsss ! «
Au b Q10T
LOT m 4
T N
121" ¢=1 sgo1 | - % m:mﬁ o1
061 neot
o ] ngo|
00z > g0t
061 — 80T TIGI 807 £17
] J ] J
/ ! / /
(((((((((((((((((((((((((((((((((((((((( 4 i

AAAAAAAAAAAAA T A

//,,jmf 3

JL

IZH™ ocl | FI01 nigl
vol




PCT/US2013/037906

WO 2013/163252

4/55

gz 31

ECT  7IZET nZel CTIOT 801 LEF LOT 900 071 | 501 o1 OF 801 1701
AT i N | /
ELo-- Pl :
Vv!;@%xnﬂ S S e F«w??
nrey wﬂ 5 syl L
e / —
-5 b
M 7 P ;
i . .
BT GPET TIET niey 171 wmwmwm
A i
o 00z —
VZ S
w_\wétm
££1 LOT 061 801 TIOF 801 :
4 M ) M \m
m il ¥ \wﬁww
\\ A.././/. \\\\ H 3
g1 S =] ;/.,7, S \ A //,EE
“ = YOI 9601 €01 90T 221 3597 |
nog1 —~ rp |oeEl VG
ocf —" ~ o
007 —~



PCT/US2013/037906

Bi55

WO 2013/163252

00T —

Y 1 o 1

AAAAAAAAAA e gl




PCT/US2013/037906

WO 2013/163252

&6/55

g7 81

£€T ®01T nzer do1 zgl 501 SO TI0r 801 sol 901 4o
[ ] . / \ [ |
[ ] ol Lg% o
_ m.wxm ; ._. W/ |
- > i e S |
X - 7 \
— = . S601 BIGI SOT 9601
2 | zzT
r~ s o doiy
nggy —~ A o cor 0T HIET
0e1 % PET YpED LOT DL 1 1er
e 001
007 —~ |
£51 807 ZEl TIGI 801
b / / /
/] fe DIOW o Shol . e ] A=W — P
081 [ ; . - OTT
/ * / N i e ﬂ, T
st 22 2 ISR 901 nior og0r Szzi
g TeNTUT ¢
nggy —* el Lo1 L HE0IYIET
ogf —~ 061 vy




PCT/US2013/037906

WO 2013/163252

7{55

i
Ve Gnf —vs1
801 401
§sT
M\ § \ \\s
“ — D601
ﬂfp
J007 G007
— Ip]
701 —~
1201 80T 40T wcli ot , ~opr
007 —~

001



PCT/US2013/037906

8/55

WO 2013/163252

gerl €11 Tiof  dogr

q0CT 4101

081

ivl Sy

Ter Jr!immm




PCT/US2013/037906

/55

WO 2013/163252

801 m ozl 071 801 1101 dogr  0zZI 90CI
et L \w )
@HHH 55555 - \\{@_ & /
081 — S /,m , aro1
_ ke 38}
oy ——" m |
._ | w / - P601
L0t _ 171 Iol A
061 — dory vl
T GP01YZE] 96015601
b1
p—
007 — rel 01
D€ 8
ocT —




WO 2013/163252

PCT/US2013/037906

10/55
109¢ 123 I;?QS
\\ i \\ TS & A
~ 7
120+ -~ {0iu
<> N
Fo
115u 7
§ il o
1052 —F EE// S]{/>>=«H5
5 ;
o S A T
117617m -~ | Ee g .
a— 115L Fio. 4A
Ios g
120 13l
S
j
a
™
| AN
123 114 117t 124 105s
L L AN\ »
AN \
VAR Ve
3 @ r// ! Fi5t
e a %N SRS, {
§

t L
§ i
E 1176117m  124b gézm;
e H
i
i

1054 ,z‘zaaj LA N




WO 2013/163252 PCT/US2013/037906
11/55
4F VA
20
1054 {115t 117m  1I7F 117 114 1253 I15h 108s 115h 124
{ 3 i
< LT T AT T AT TV T T TV T AT AT
T S ) SRR A f{/,“““;’,{ E e '\z\\\%: 55‘ X
< / / NS
40 115u 105f W 124b
e 1 4D 1150 O |
1i5—+ 3 i~ 105F
7 LA 1032
) T ISL 105
Fig. 4C
117b 117m 1i7e 1i7f P15
V) I I
NN NN N [ .
< \ﬁ <
i
i !
1i7e 115u
: His5g
Fig. 4D ‘
102u
117m H7F 1176 114 1I15h 105
DR N i\ DS D N 2\ Doy AN AN
— T LIl SRR, ey ey 3
Hin R ¥
S g g . asg iii o
R E R i i
= —— i
| {} i
11.‘3}{5“’&j 1176 1i4 /Er! ;\}5
HO5F HI5¢F

-
4F



PCT/US2013/037906

12/558

WO 2013/163252

s o Ve Sny

mméim
ot “ __m 9617 _
d \\ 611
8611 - o~ T611 5611 < < %MNNQNN
5) b 361
{ - TI0I 511
; TIOT -
02Ol ngyy
N "8I 5 9211
s A 3 n\ Q&lll:ﬂl!iﬁmx .
Al
dzry 1851
717 —
‘m:m 01~ _ —2zI1
o071 \m:.\ ijl&%
U 4 i — W\ Nl L gy
el 3 m\ = ¥ ;
| Voo / v \
pII 2T ¥2I ®01 G, 6TT wgrr g p0lor | veny vl
b
ie T onror—
- pz1
\h T
S601 71 9601 GC



PCT/US2013/037906

WO 2013/163252

13/58

Qwé...w
TIOT dogy ' OgI

081

/
if




WO 2013/163252 PCT/US2013/037906

14/55

120 101u 109s

\ A

—— 101f

/ / /
i /

117t i24b

Fig. 6B



PCT/US2013/037906

15/58

WO 2013/163252

a9 ‘s

611
o611
<, <,
611 L1101
e 111 ~—— 191
| TI0T
- ngrg el
§ ]
9811 s
mmm\\f
Zr ;
5 : 4 e, w \4 3 x\\ &WNN m\bﬁmwm ,..\MWWNM
2. w\ 2 wx - i 7 _ : — .ﬁ -
L 7 )
pIT 21T vzl ®sOI wspl SII qipf wyyp RO J
e T onor—
4071

/ / /

i
: ;
8601 £CI 601 Y =



PCT/US2013/037906

WO 2013/163252

16/55

g9 51

1 m
4 H ﬁ
’ ﬁ ;m mwm u(@,%
/ It i
\ § i
f H
¥ m mm icd] mm 501!
wmwm&: pw\uw: MMM
35l st
AN\ / NCROM NN N\
IR NSNS\ |
A4 {x&\\%&\\\\\ V- o
_% A ~
gLl \/J//. il
R e
SCOl ¥2I ZIH I
|
£77 — —;vs
W

nygi



PCT/US2013/037906

WO 2013/163252

17/55

g/ ‘51 v/ ‘8L
. — e “ __m 611
3 3 611
5 | ! J (e
ﬁ m,_mm mmrm uiﬁ: &:i%\
i i . —
\ T
DVmLED o HIT nell
:_m i 1 _MZ B a qzii
S SN N S SN i
.W.m.wm\m “. /w/ / z/ j 4 \ b 2 N1 m%wm Y
b N AT LT TN L sprr
N =4 i TCT T SOT 7T
a1\ / 7// e I 2e07
NSNS LSS S VO T
/ { e ngry
85GI ¥T1 TIF ZII X P L]
\ waﬁs T
— \ pil Il M
4 ]
\\\ oz ROT - \ T
A .
w ponanoog \h 1) [ \ _.\
nygi $6071 £zt 2601

— O]



PCT/US2013/037906

WO 2013/163252

18/55

V8 81

TH0E gor Lof FIOE njgs Paati’

wmm;/?

qiot

~0LE

gLy S0t

00V S0t q00v

FEE

§it
—{(LE

1008 B0t L0Y JTOf

o0t —~ S 00



PCT/US2013/037906

WO 2013/163252

18/55

q8 onf
80¢ TI0¢ 99z¢ $0¢ 80¢ T 90¢  dopg
T
NG S
JOTE — I Y =508
= qr0¢
jizs \ 4 4 BV A 0LE
. LOE ILE |FIOC [#OE \ TLE  dore nigc
oce e WO €0 ) N
06t — gE0¢ pa—
00—~



PCT/US2013/037906

20/55

WO 2013/163252

D8 81

15— TI0F 80¢ Log  JioE arpe o 10F
\ A/ \ {
. — 90¢
npgs i€s | 4
M nyge
SEE TIEE .

Tiee-

z0g —~ IC0E BOE L0 JTOE

00y —~



PCT/US2013/037906

as s

£68  TZEE nZee  80€ Lof dLog SOE  80¢ TIOE 0ZF 902 90¢ dogg

WO 2013/163252

21/58

: A T N
[ Haan? T — ¥
ose = ~ = e G Mimwe— 50
/ : ] T2 L i s o
zs¢ ese  SEE S e (8 AR T 0Lt
S i r@m \ g0 |\ FeE\MIOE
ngeg —~ wmm mem nree bm. ¢ fze \ECE|Hees WpoE  Heoe dore /¢
0gg —~ | IEE qree e 00
06 —

00y —~




PCT/US2013/037906

WO 2013/163252

22/58

g8 81

TI0Y 80of  L0F

ZL

£

JOCTE —1

IZe

43

TC0E 8OL L0t

o0t —~

qo0F
- q0CE




PCT/US2013/037906

WO 2013/163252

237558

A8 814

mmm/%m_m LOE 4108 mmm, mamm \wm_mm &mm dope 0z 900t
Lo /
] ) @) & Gy PG [ S W . J \\\
08¢ " 4
\ \h S 2 > e T e
zse £5¢ S A= &EL \
: S m iL8n 3
. MYEE coc I0€ 0L€ 960 CTE
BoLe lﬂx\ ?m@ | ZEE FOE  IEE dojg
QM.M. W.m,m. mwwﬁm.m, wam.mw NMNMM&NNM%M\W
Y 00F
Qmm?\w

00y —~



PCT/US2013/037906

WO 2013/163252

24758

Mmm;ijﬁ

ng 81

TIOY 30¢ Lof JIOE

\

— F&E

$5¢

\ /
;

Jooy

£0”

POL —®  SEp¢

S

£0L

706 —  T70E 80§ LOE  IT0E

i
/X

oop —

\

/

— P60t

qo0F
123




PCT/US2013/037906

WO 2013/163252

25755

80¢ TIOE SOE 80€ zL€ TI06 90 doge
[ ] I T U
a6 ﬁW“ iislﬂamdaklm.”r“sinﬂznﬂ!“ ﬁ,“aaﬂa;..n!isasaieirwsiiaizw!s!!az! - - ~/
T Wm . - ¥ 08¢
S \i - §5¢
A W |
ize VO£ £0¢ / 7zE
ILE 0LE
06§ . / y Zve
Brocyzes \\ YsosqIse OIE oo cangg
Ve —ppt
e g0g
Iel I£1
ooy —* j
A1)
g

AN




PCT/US2013/037906

26/55

WO 2013/163252

I8 81 - pE

105 TIOE $08 L0E FI0€ &,m
N N \
— { i Ky
2§ v
} ¥ ;
JZ€ il el DEOE
J076 —~
J00% yoS a —
sgoc  06€ 07E —+ L
[ (i —— o
i :
g o
A ]
/R
z0c —" 70 SDE LOE  JTOE

oor —* >~ pos



PCT/US2013/037906

WO 2013/163252

2758

g0t TioE

Bo¢ 500 TIoE TLY 90¢ dope  0Z¢

A 8T
ILE ¢og 0LE /




PCT/US2013/037906

WO 2013/163252

28755

- TIOE 80¢ Lof JFIOE
wuwsijf \ / \

{ ] LY

J00%

— P6OE

st 127

N
/N

z0c —" 70 SDE LOE  JTOE

oot —* -

qo0F



PCT/US2013/037906

28/58

WO 2013/163252

V6 SId

dips  JL0E 50§

s o,
P e
e e

em,

e 3
e,

o e,

e
o
oo nex,

.
s e,
e

pes drgs L0S

009 —*



PCT/US2013/037906

WO 2013/163252

30/55

dips I0S 508 e

J009

njgs

e 00S

Ice

4009



PCT/US2013/037906

WO 2013/163252

D6 8Ly

00%
HoE S0% £08 M TIOS s0s 2105 408 qL0§

mw

31/58

ZEs / L
dzes qzss dpes pes

009 —~*
e



PCT/US2013/037906

WO 2013/163252

32/58

JLO§ 505

Ti0S

508

spos  dios  GL0¢

A009

' /

\mmgm

Q009



PCT/US2013/037906

WO 2013/163252

qgor S

EEL 200 dLon

M

T 08

AAAAA gL 074
vy,
)]
3
oty
&%
(xi]
VOl S
£5L \UM& \“mﬁ Nm& Tr0L 10L
/] d® DON RIS e .
084 ~ = 4
: o \ y . S
H008 oo 16/ S§L
oy : M y//QNN £0L wih
4 m
0t peL OEL o/ 7, TEL gl UL 00



PCT/US2013/037906

WO 2013/163252

34/55

aor sug

$£8 9£8 S€L L0L G0l TI0L FoL
N/ N/ L] ] )
7 %ﬂ ..&R\
f/ \ ! 90, n10L 0z 9008
S 0£8 dpe [¢s degs
3008 Ov8 978 wocg A P 1052
w pa—vy,
e g9 008
D01 i
108 §EL L04 dLos TIoL [of
N AN _— / /
J=C OIOM OIBIolo y . poerm
084 x £ A,:
zst es. se8< | : x,, w o0z n10L oz 008
J008 ance A . : re/ dg0s
0e8 0£8 958 nggL dpg,  UEL -
105 Jﬁ/,..s@%\u
e 008

e 09, —7



PCT/US2013/037906

WO 2013/163252

35/55

J0I 51

TI0L 904 OI0L 2I0L 9100900 L0

9F8  5E8 9£8 SEL 404 dL0L Tiol 1
\ / N/ ] M o

08/ w mumsA;;;Ak AweAAA A ‘ “&m“‘, AAAAAAAAA wwmﬁmww

CggL njoL 07 9008

/\ dveL osL re »
T0¥8 103 / TOE8 MOEL T08L

e 09— e 008

008 QW%



PCT/US2013/037906

WO 2013/163252

36/55

HOI 51

H7A TG Q0L s10s QL0 Cios PIOL LOL SEL
L \JJ S/
] L, I3 z OIOTOTE
084 ;
1008 05L A \ ﬁ
, dpgys mmm/ oes
ngsL HOE
e 09—
00 ‘S
0L T 90,  2[GL /0L dr0L 210 LOL
L p q N N
] P ; \ f WO G @
08, e e 0 L G008
V€ \
£0L [
bs ¥ ... Ji L s 054
depy w ) | g/
I8, 784 dpgy,  OEL
T05L




PCT/US2013/037906

WO 2013/163252

37/58

[0 S0y

Q005

NM,N TI0L o10L 0L SI0L LOL SEL S$E8  opy
] N
084
Joos ﬂ e \ /
nossL Joss
T05L nge8 IoF8
00, — w
008 4 Jz:.imwm &
101 Sig
MM\\ ﬁﬂﬁ 90L 210L 9Ll SI0L LOL SEL $€8 958
JRAN i 3 v e )
nygsL '
£0L T A \ w/
i ey, T0L8
TOEL
004 —

w

008 — S 09

y

oF8

Q008



PCT/US2013/037906

WO 2013/163252

38/55

aii

b

1056
bC6 mqmwm ,ﬂ
) “ 2696
J296
£96
yz96
- £56
=T 2056
.
u
§
bl ogros
m f/ £96
T F196
756 —1
7 bl \w 2£96
Is6

196

»/ aii

056 N w

VII 5I
m@@”
: P06
m....? a1 iie \
5716 —— YE76 Y16
Y44
7006 ~Zw- ¢ <
J076 _qozs
5[ 16 -
iie b 706
LY . . _,/
3 X
i ii6 v
P Yiie \w 106
oI 2

A



PCT/US2013/037906

WO 2013/163252

38/58

ni ,,%w@. 056

m\ 3£9%
Rm 196 £96
m/
ﬁmm
%&
£56
256~
£96
yiog m 396
m\
NMM\ [96 £96
,.f!s@mm 9508

1096

= 2056

096

i

MOI6—

_w\ mﬂ.

6 Joo

9006 ~Zw-

[is JOZo6

MOI6—

i06



PCT/US2013/037906

40/55

WO 2013/163252

176 ——+—"""1 -
° AIT 81
8076 """ Y
326
776
hd \ / B q006 a2
1076 sl .
. T g
H076 —H
oc6 L
- <
gI16 ~p— Nelgi16
o \
706

{16

41

&

i
i3

X

AIT S
776216 A X AL
dazze dzze




PCT/US2013/037906

WO 2013/163252

41/55

5CH \M@mma!/&, JZTs .

2076 4 /
9076 doos
F1Z6 076
A 9076
arie |
-
S
b 706
L
£96 N B
g ﬁ iIg6 ,ﬁiiﬁ%m 06
o




PCT/US2013/037906

WO 2013/163252

42/55

P 06

vi6

L d7TE
]

L

- QIZ6

~— £06

i =

076 qI16




PCT/US2013/037906

WO 2013/163252

43755

126 —

16~

— £06

89076

026 —

H006

doze —

YIi6
4026 ~—t1

i ots

/

\

fie

‘S

L

41

&

JCi6
44

X4

X A
dzze

IIT 51
006
A X AL
dzze

H

— £06 £06 —
I =006 <o
T
RN

3

2026 2026 ¢
‘\\mmm / 0c6 0z6
ST 3026
L / 116
- iy zo6
G006
006



PCT/US2013/037906

WO 2013/163252

44755

Isé

NI 1

1056 e, 196

ﬁb %Mmm \.\iﬁ%@&

foe

e

 r—

-~ 006

2
Z»m\__

B ey

iie J0C6

i 3076

RN T W
k- )

2056 —

{56

:\% ]

\TEA o
e\ 196

ENE 7]

dig6

e 006




PCT/US2013/037906

WO 2013/163252

45/55

176 —t—""1
T
O
s.hls..hl\:\\\.\\\\
2026 - £06
hd \ / @\ qoz6
076 b
Pahan
HOZE ot
1 0zs
4716 -t L Y716
/
AL Zi6

=%
<

ﬁ.ﬂ'
]
i

TIT S
G006
I16 - HZz6 16 YCI6TII6 ~
J226 ‘
ok QNN‘N‘m e ﬁMN‘NN.m e
226 % ]
U 706
Q126 :
176t b| [ 06
\\\\\ ///,,,, W&%mA
Z \
%é&/
Q076 ~EIITE \
j
H

F006

v
ri




PCT/US2013/037906

WO 2013/163252

46/55

106 dzge [ aq1s

HZZ6II6 -

£96 —
FI96 ~ &=

d796°4796 -~

/

96

. \
2056 be6



PCT/US2013/037906

WO 2013/163252

47/55

no0G
56
06 dzze 3196 °iis
J ] “ % -
706 ]
YZZ6YiIs b
_ 526
776~
qIZ6
176
£06 —
< 6
% 9076
0C6_r14
06 om 176
dpze —, ¥
HZ169076
\ ] wmmm
MMN v06 296
- 5006 —*




WO 2013/163252 PCT/US2013/037906

48/55
gi?
9§? 9501 o1
911
961 !j
961p
Qiie
902 957
901
954
921 e
951
903
904 f/ff,ff’””#

912 <1 961
8ile
%

(} _9&{}
503 921
901
954
962
262k
912
91%¢
900u
904

Fig. 12A



WO 2013/163252 PCT/US2013/037906

48/55

. 40 Do
'%2&/9)?2@

904




WO 2013/163252

PCT/US2013/037906

50/55

Z 951

904



WO 2013/163252

904

Z 951

PCT/US2013/037906

51/58




WO 2013/163252

52/58

200

901

PCT/US2013/037906




WO 2013/163252 PCT/US2013/037906

53/558

200

901




WO 2013/163252 PCT/US2013/037906

54/55

200

901




WO 2013/163252 PCT/US2013/037906

55/55

200

901




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - claims
	Page 81 - claims
	Page 82 - claims
	Page 83 - claims
	Page 84 - claims
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - claims
	Page 89 - claims
	Page 90 - claims
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings

