WO 2010/051279PCT7US2009/062220 PIPE HANDLING APPARATUS WITH ARM STIFFENING
FIELD OF THE INVENTION 100011 The present invention relates to a tubular, or pipe, handling
apparatus and gasiog)/stabbing apparatus. More particularly, the present imentisnaelates to a pipe
handling apparatus for moving a pipe from a horizontal orientation to a vertical orientation. Additionally,
the present invention relates to pipe handling apparatus for installing pipes and casing upon a drilling
rig. The present invention also relates to pipe handling apparatus that moves the pipe with a single
degree of freedom. The prescHANDEING ARPRER 4GB SVIT StiKeNn § BYRTENENGr preventing
springback when loads are released. BACKGROUND OF THE INVENTION [0002] Drill rigs have
utilized several methods for transferring tubular members from a pipe rack adjacent to the drill floor to
a mousehole in the drill floor or the well HBieDfOFCOARESNGNTI@Ypreviously transferred tubular or
tubular string. The term "tupular” or "pipe’ as used.herein includes all forms of drill pipe..drll collars,
casing, Tnd M0k G At B R B R
Conventionaipyranl Nyschavée utitize tharcombimatioipoftheesiy erinesaadintheptavelider system for trans
ferrin atubujarfiom. e pIRGACkB.aNereal panlippAbavEhaasriaLAL IR Wel.ThR aRrigus
dlsadvantagg fith the prior art systems is that there is a significant manual involvement in attaching
the pipe elevhatessapitivdirndingrapdanevingndia pipeifwranthesind vaek acltibndtiry TADIECSFRls manual
transfer opgration in S YIGIIN, A WAIKELS {5 RRIROHAY, ANYRIBLS ANANAR CASRA UTARLS Injuries
in drilling operations. Further, tﬁe hoisting system may allow the tubular to come into contact with the
catwalk or Gthrpetriors Bich&Tibeatsirestastifms sapsreiErROIFtNE MpBeRack YohEYIMToor. This
can damagg.thgdubular and may affect the integrity of the connections between successive tubulars in
the well. [0004] Chic method of transferring pipe front the rack to the well platform comprises tying one
end of a line on the rig around a sel@efelGRISBAE AHE INMENHONIbe is thereatter lifted up onto the
platform anghgige) lpwerpeddherantia plasaddriadheaeusehale: belnausahelerismsippyackupright,
elongate cylindrical container adjacent to the rotary table which supporti he r%j(ge temporally. When it

is necessaifiaaBUI BB BoMe HIraRHiRoLigs Bre el ¥ ANEUY e gFf 10T connection T a

previously transferred tubular or tubular string. The term "tubular” or "pipe" as used herein includes

all forms of drill pipe, drill collars, casing, liner, bottom hole assemblies (BHA), and other types of
tubulars known in the art.

[0003] Conventionally, drill rigs have utilized a combination of the rig cranes and the traveling
system for transferring a tubular from the pipe rack to a vertical position above the center of the well.

The obvious disadvantage with the prior art systems is that there is a significant manual involvement
in attaching the pipe elevators to the tubular and moving the pipe from the drill rack to the rotary
table. This manual transfer operation in the vicinity of workers is potentially dangerous and has
caused numerous injuries in drilling operations. Further, the hoisting system may allow the tubular
to come into céntact with the catwalk or other portions of the rig as the tubular is transferred from
the pipe rack to the drill floor. This can damage the tubular and may affect the integrity of the
connections between successive tubulars in the well.

[0004] One method of transferring pipe from the rack to the well platform comprises tying one end
of a line on the rig around a selected pipe on the pipe rack. The pipe is thereafter lifted up onto the
platform and the lower end thereof is placed into the mousehole. The mousehole is simply an
upright, elongate cylindrical container adjacent to the rotary table which supports the pipe

temporally. When it is necessary to add the pipe to the drill string, slips are secured about the drill



WO 2010/051279PCT/US2009/062220 string on the rotary table thereby supporting the same in the
well bore. The pipe is disconnected front the traveling equipment, and the elevators, or the kelly, are
connected to tkegpipeisif® mousehole. Next, the traveling block is raiseddayrpssitionézpthe pipe over
the drill string. Tongs are used to secure the pipe to the upper end of the drill string. The drill pipe
elevators suspend the drill pipe from a collar, which is formed around one end of the pipe and does not
clamp the pipe, thereby permitting rotational pipe movement in order to threadably engage the same to
the drill stringnd 00 URslréi4pyiaibad tiiechniayp Jammmangnjeoifishefaastog frair rapk s alijecenttalthe

drilling rig comprises tying a line from the rig onto one end of a selected casing joint on the rack. The
line is raisgﬁoﬁvhﬁi%‘%rg%ggfﬁmgm{ tib éhraﬁ%v%(gainoé %etlifgl 1|)|'gaf)?a% grnr%c.%ﬁb?sq %gl%jﬁ%elllﬁs{t e casing
from the raekutbrolewskendofrtvelpadinglsivingsdicypssitheiptatfompdnadandstousmpahinegs The
danger increases, when a floating system is used in cannection with drilling. Because the. rope is tied
around theaécéglsﬁ% tgtsgﬁlgcelrga ngri% ,CtH%pglécs?ggo t:j%ggrﬁ%ts lgﬁg\q\l}grf%glﬁ}%ﬁ%at ér% s%qmewhat. A
man workirigiibnipeplatfoarvotiieyatechab tvrertdendgrifoorermust hibltbine aap dobshw celsing Badiseraighten it
out while the casing is threaded. into the casing string which ig SHsR 0 thewell hoke Byslips
positionedqﬁrell&‘e/ owmlrl)g/t%%fg?%(%%? i isﬁagsl%ﬁilble to\%)e able to gr%p%g%%g or pipe positionled ona
rack adjacetimzdrilling well, move the same into vortical orientation over the well bore, and thereafter

lower the SgiRiespnto, 1e Siriag SHFRSBAGH NG WEILPRLS YL R PE RARkYaHIOMS HRNiGesnave

been created which'mechanically' move a pipé from a horizontal orientation to a vertical orientation

such that tisemerseaiyEfelinedpipdie ais peorrhianad dhics s aretrtbedo T Midhtyathe J0UBYides have
utilized sevgtal ie(GaNPaRICA RS DAL ASASFONIRIER WLhi 2 sHARAITING SleuHrerdmnereemto move

the pipe, a succession of individual movements of the levers, arms, and other components of the

supporting St B ekudiedevrss et eidas rea B Mga ASE M ARt tnserBY A #ARSHelied result.

Typically, ad\ésﬂ%@r vRsiehe of hydiaidic actiatar s ateisaprciad ioeadh nhih e companaois saias to carry
out the prescribed movement. A complex control mechanism is connecs;zgglto ach of these}tactuators

S0 as to acATBVRAHHE ERsEifA! FRBTRMBFECARRTTEEE ProyPaht ISTRGUN RIS Lo PBIRY IR order to
properly cogrgipatedhendeyements:in ardektonastiave thisidesiaet iesulthe P of the casing and
2010/051279PCT/U‘82009/0_6‘222‘0 1000,8]]}RL}J¢nfqrtunatEI%/, with stuch S stlems, theg‘ ra Iiec a%tuators,
along with SHEF LS bBHeMRI SRR BERSH T WEATWRF dRTS ElftHERS SRS RS intSgtity of each
of the actuaierstsaiipasssnecdropthmtsed avds. time. As such, small variations in each of the
actuators c r. These variations, as they occur, can make the complex.mechanism r r
inaccurate.%@g}%bsrge&%%ﬁg Ky r%%lsﬁ.té’ OmPGhent can exacer egt%nt?iédp(rg %Cr%r% %é."rs@g} tae;6 %vith the
alignment afitive pipeaincantertisakdrieitation Adjustnventtd ot thedghegrdimming dire Bfterrniedbssary to
asto contin?ljég tos%_(szhi%gg dtglettgme%irﬁ% 0rl%sults.. Fundamentally, the more hydraulic actuators that are
incorporate into’such a system, the mare likely it is to have errors, inaccuracies, and deviations in the
desired delil@$87profilbopabte vebuladcTigickdye beny axpeferivet machknewiedgeals@ippéiditots are
required so,a,3 10, cary Qut s PIRe Mavementiopsration: TRis.adds significapth tathe fostied

associated Wlltizpipe delivery. 100091 In the past, pipe handling apparatus have not been used for the

installation bftedkingeti reteroBlansBlysdessretsvines Basingllized SetsekrearoTHRe Easinbrhmsformed
on an innerwall:and QAN Auipiwal athe.ends efeach %Rnetﬁ@%@g, seciions: Whenayridhgse

threads are formed, the relatively thin wall thickness of the casing is further minimized. Additionally,

great precisisiy FIRSHLIFARP 40y 5. 5TRTOBE NP R FORTP PRENA LIS BTG H SIS B SARES R SARHRTINE threads

of an adjacent, casingSesHARndIR RaeeuRbacay ac-seqtird fositheydelivery afthe tagiagiby a pipe
handling apparatus, in the past, has not been sufficient so as to achieve the deﬁ%rﬁd de ree of
accuracy fortHaIHSHRAEBRAGIhE B4Li0G e OBRSHRNNSR 1h IR SEEY Wh TR El%gpSBerA

installation gf@pR£asiehEeRigMUROR anathescasinghsetiioncrnpoientiallyctaniagethoalthireads
associated with such casing sections. Additionally, in the past, the. pipe handlin aratus could
potentially dAAYEEEThe YHARRRIRY FALIHG ?ergﬂglr%ddﬁﬁlﬁegg o Lﬁ?\}gr(;?}‘.g s%sﬁré’ﬁ%fygcg)gﬁ%% é%veloped
to adapt a pipe fhandingoappasatisese Al teaackiiemaithe desired amount of accuracy for the
installation of casing sections.
. .



100101 It is an object of the present invention to provide a pipe handling and casing stabbing
apparatus and method which minimizes the amount of calibration required in order to move the pipe

from a horizontglpsighiaties to a vertical orientation. 100111 It is another gljegiseidesprasent
invention to provide a pipe handling and casing stabbing apparatus which operates with a single
degree of freedom so as to move the pipe without adj ustments WO
2010/11S1279PCTATS2009/062220 between the components. 100121 It is a further object of the

present invmti@ptﬁﬁfef&&ﬁ&aﬁmﬁsmrg%éle&@nﬁ FASNNISIRRRIE: aRRARINS ABELAGIHRchMigh avoids

springback of the arm upon release of the load.. [00131 It is stilt an additional. object of the present
invention tOHBWIECEIpHIE HaKdITEHR sty SBBisdLppLyateadhe Rt fnmas Rermies
greater pregisigroiniibe slelivens.and installatian afpipes andier cASRGIOAI41thisstit amokher object
of the present invention to provide a pipe handling and casing stabbin a&) ara% ggﬂd method which

increases tﬁ%lgmr}g:ﬂfﬁ{fég}é mﬁgﬂ%&pgﬂ}g_ex mechanisim ra%?er accurate, ure of one

hydraulic component can exacerbate the problems associated with the alignment of the pipe in a
vertical orientation. Adjustments of the programming are often necessary to as to continue to
achieve the desired results. Fundamentally, the more hydraulic actuators that are incorporated into
such a system, the more likely it is to have errors, inaccuracies, and deviations in the desired delivery
profile of the tubular. Typically, very experienced and knowledgeable operators are required so as
to carry out this pipe movement operation. This adds significantly to the cost associated with pipe
delivery.

[0009] In the past, pipe handling apparatus have not been used for the installation of casing. The
problem associated with casing is that the threads of the casing are formed on an inner wall and on
an outer wall at the ends of cach of the casing sections. Whenever these threads are formed, the
relatively thin wall thickness of the casing is further minimized. Additionally, great precision is
required so as to properly thread the threads of one casing section within the threads of an adjacent
casing section. The amount of accuracy required for the delivery of the casing by a pipe handling
apparatus, in the past, has not been sufficient so as to achieve the desired degree of accuracy for the
installation of the casing sections in their threaded connection. The improper installation of one
casing section upon another casing section can potentially damage the threads associated with such
casing sections. Additionally, in the past, the pipe handling apparatus could potentially damage the
thin-walled casing sections during the delivery. As such, a need has developed to adapt a pipe
handling apparatus so as to achieve the desired amount of accuracy for the installation of casing
sections.

[0010] It is an object of the present invention to provide a pipe handling and casing stabbing
apparatus and method which minimizes the amount of calibration required in order to move the pipe
from a horizontal orientation to a vertical orientation.

[0011] It is another object of the present invention to provide a pipe handling and casing stabbing

apparatus which operates with a single degree of freedom o as to move the pipe without adjustments
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100151 These and other objects and advantages of the present invention will become apparent from a
reading of the attached specification and appended claims. BRIEF SUMMARY OF THE INVENTION
[0016] The prew%q(y/gﬁggp is a pipe handling apparatus for moving a pipg &gl §lags,that
comprises a supporting structure, an arm extending from the supporting structure such that the arm is
movable between a first position away from the drill floor and a second position over the drill floor, and
a stiffening means cooperative with the arm when the arm and the supporting structure are in the
second pogition.. The §g;[f$&ilggt§neans applies a mechanical resistance to the arm in the second
position. [00171 In the present invention, the second position is an end of travel of the supporting
structure attPiRe drina Thidestffiasieg heauprsis ipvopEyatVE Wits anRHsi meaafroppesihbitEe
supporting sirchie: e aifianing MeRRS ARRiRSISYaKIaIE ESiSlanes i diaan as the arm moves

from the first'position to the secondposition. The variable resistance is greatest when the arm is in the
second podfys] [hoagjlloa@?&ﬂé@wf@é@q§fém66f@taﬁvgﬁwoaﬁﬂ%oarﬁ% bPP6SRRIMRS S FHTHRY
structure. The GHPREFMEANSISEENRSABIPR INSRIBr ke [GERNEK MeRNE BHRPaAsiRRIIRcIBra vertical
orientation when the supporting structure and the arm are in the second position. The gripping means
also is for gi&SHANG/8158H28ntally oriented pipe when the arm and the supporting structure are in the
fir:st positionr;loﬁr?ﬁ SURPATIRGCHHEY GbiER NS I pRReRINGVRIEsIOtased: de [ghp el dneansdscopnected to
the arm such that the pipe moves through the open interior area as the supporting structure and the
arm move oA e RR LSS SEeh HiFseSHEH, SWeysD 1 T PP PA385000/062220
100191 In the wefasedivhetinent aidhevaresesbinyie ptisonthe stifferitigvneans:ppmprises a first
cable assembl havir%?none, en cor%%ected to (tihe arm and an opposite end fixedly mounted such that
the first catfle“ALLE R AT PEH GHL LTS 8PRRA‘STH4MS a second cable assembly having one
end interconnected to the arm anBa&NMEGFIdsIM LRY fidedyHheiisdionch that the second cable
assembly e, rom an osite side of the arm. Each of the first and second c assemblies
includes a Imtf{}jzrmgggeﬁﬁ}lﬁtgﬁﬁn}ﬁ%luﬁté o aemg@rﬁ, cg’%cgéﬁ%sg?ﬁg%"{ggtﬁg Wﬁk%nﬁieﬁa)l:gogtr §lrrﬁﬁe end
thereof', a springipod affiredne smoppositeard tefde tabldhangrmenibertdnd: dre thgm

connected {0 ébo%ﬁ@”%&8911an@rﬁgg%apo%%k%%ggf?grﬁ@ﬁﬁ%&g&%&h&%ﬂﬁ@gsmiﬂaﬁ neludes A

connector elfement affixed to the opposite en the cable and to the one end of the member, and a
resilient meders.interectificoieg teaivecoopmeicto Ml hb ermTirékil wnt e R urprisiBstastine ctor

element in grgiﬁ?&%ogéc%\ﬁ@gof;ma&%@m&%ﬂg%m&%ﬁwm@%&@@l[%s@%l&ﬁd%ﬁé&ﬁlﬁ’ HON OF
THE SEVERAL VIEWS OF THE DRAWINGS

second position,

[0017] In the present invention, the second position is an end of travel of the supporting structure
and the arm. The stiffening means is cooperative with an end of the arm opposite the supporting
structure. The stiffening means applies a variable resistance to the arm as the arm moves from the
first position to the second position. The variable resistance is greatest when the arm is in the second
position.

[0018] A gripper means is affixed to an end of the arm opposite the supporting structure. The
gripper means receives a pipe therein. The gripper means supports the pipe in a vertical orientation
when the supporting structure and the arm are in the second position. The gripping means also is
for grasping a horizontally oriented pipe when the arm and the supporting structure are in the first
position. The supporting structure has an opening interior area. The gripper means is connected to
the arm such that the pipe moves through the open interior area as the supporting structure and the

arm move from the first position to the second position.
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100201 FIGURE 1 is a side elevation view showing the pipe handling apparatus in accordance with
the teachings of the preferred embodiment of the present invention. 100211 FIGURE 2 is a side
elevational viewwshowisg2the pipe handling apparatus of e present inventi®ginuazfiesvgasition. [00221
FIGURE 3 is a side elevational view showing the pipe handling apparatus moving from the first
position toward the second position. 10023] FIGURE 4 is a side elevation view of the pipe handling
apparatus showing the pipe handling apparatus as moving the pipe further to the second position.
[0024] FIG|gREE51isha siclerellevatiiahakuieitishmedag thepipe harsdmgiag)pmawsrirpﬁssse@m‘cd position

in which the glge ext %s in ao\él%rtlc égﬁheegtaélor@fl%%S %%%Rag ?DQ c| ustratrll%gig& t%t}w%afqrrlsrt)per

assembly &V eTtiCANy Yranst tlng he plpe elévational view 0
alternative thaiﬁmdmb@:tssélﬂ’m@gmppés fissernblydefaftbresend mm@m‘{k@@@]@t@wm ma side

elevational view ShOW' 19.4 eaRnd ARAING SNROMENA! the aianstRsRembloliheiesent

invention. 9 is a side devatio V|ew showing a third alternative embodiment of the
gripper dssembly extends from an opposite side of the arm. Each of the first and second cable assemblies

includes a link member pivotally mounted to the arm, a cable affixed to the link member at one end
thereof, a spring pod affixed to an opposite end of the cable, and a member having one end
connected to the spring pod and an opposite end fixedly mounted. The spring pipe includes a
connector element affixed to the opposite end of the cable and to the one end of the member, and a
resilient means interconnected to the connector member. The resilient means urges the connector
element in a direction away from alignment of the member with the cable.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0020] FIGURE 1 is a side elevation view showing the pipe handling apparatus in accordance with
the teachings of the preferred embodiment of the present invention.
[0021] FIGURE 2 is a side elevational view showing the pipe handling apparatus of the present

invention in a first position.

[0022] FIGURE 3 is a side elevational view showing the pipe handling apparatus moving from the
first position toward the second position.

[0023] FIGURE 4 is a side elevation view of the pipe handling apparatus showing the pipe handling
apparatus as moving the pipe further to the second position.

[0024] FIGURE 5 is a side elevational view showing the pipe handling apparatus in 1ts second
position in which the pipe extends in a vertical orientation.

[0025] FIGURE 6 is an illustration of the gripper assembly as vertically translating the pipe.
[0026] FIGURE 7 is a side elevational view of a first alternative embodiment of the gripper assembly
of the present invention.

[0027] FIGURE 8 is a side elevational view showing a second alternative embodiment of the gripper
assembly of the present invention.

[0028] FIGURE 9 is a side elevational view showing a third alternative embodiment of the gripper
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WO 2010/0512791'CT/1JS2009/062220 assembly of the present invention. 100291 FIGURE 10 shows
a perspective view in which the sti fierier system is applied to the arm of the pipe handling apparatus in
accordance Wi{?é%ﬁﬁﬁ?mgs of the present invention [0030j FIGURE 11pds g &iRgigmspatic
illustration of the- resilient means utilized to deflect the cables associated with the stiffener system of
the present invention. 100311 FIGURE 12 is a perspective view showing the orientation of the stiffener
system of the present invention when the supporting structure is in a generally horizontal orientation.
[0032] FIGUREb]IS ci)§ APELS EQHV&M%W of the stiffener system of the present invention as the

. assemm . . .
supporting structure moves from the horizontal orientation toward the vertical orientation. DETAILED

DESCRIPTIONIOISTRE INVENTIONSR0083] Re e mighe FHElRE sysigie e ARPERGWANNEBIPe handling
apparatus 1Q for maving.a niea 48 e, drifhfloarfuin Reaardaneswitshe Riefearied embodiment of

the present invéntion. The pipe ‘handling’ap@aratus 10 is mounted on a skid 12 that is supported upon
the bed 14[80301BKiEIRESUGR sdiappusie irhb Brd Ran g Hisparaas vl diartelrsr icarhlss a

supporting SNEie:G: FheIHRRPLIRSTIGIR LG GARRRA boom that is pivotally mounted to an
underlying structure, such as the skid 12. The supporti.ng structure 16 is movable between a first

position an’Q%bE%‘d%éﬁiéW RESREUREY v T nBE RS u St SR e Walkaling Bpparatus
tlho '3 q?rF'C{%{'(é;‘JéKtFB&BHﬁbAW«%S ROsitipnrihe wireutdiisillustiateincits positidampiionto installation on
e drill rig 20. A lever assembly 22 is pivotally connected to the suppqrting structure 16. An arm 24 is
-pivotally cEHRELEEIREN &8 DPIFRIEL: ggg’e?ﬁ@ﬁ 'SB o%’ﬁ%%%&%%ﬁ%r ‘fﬁgl%ﬁ% Urd™1B8  The art
I24 ca;ﬂ be mageriabarexiepdahle ifdengthohenal: 4team alsaismade sbastatave a fixed
ength. A gripping means 26 is {j : ' . he arm 24 opposite the lever
assembly 22. The gripping m LA IPRRIE Eﬁﬁ{}ﬁf nd 32. A link 34 has one
end plvb(?taIMGman{ef‘éﬁdugadﬁﬂl{REﬂZtam ianhoppdisite sriduplliogaihp vomsébted to the engolthe lever
assembly 22 o ite the arm 24, A brace 36 is pivotally conn o th ' e 16 and
also pivotaﬁ(ﬁl %@%ﬁ]?&’&? %6%%%03?%%3%@}&/% rﬁ%ér i@%%%@geer%%ﬁ?/%%péﬁ% tqgﬁ)%%@%gg#%%éping
means 26. 160843 dppthenpredentinmention; tkid $2Ppoftingsortesturen Bidel ddoErurehifianiedork of

struts, ersgs a truck. The pipe handling apparatus 10 in particular includes a supporting structure 16. The

supporting structure 16 can be a boom that is pivotally mounted to an underlying structure, such as
the skid 12. The supporting structure 16 is movable between a first position and a second position.
In FIGURE 1, an intermediate position of the pipe handling apparatus 10 is particularly shown. In
this position, the pipe 18 is illustrated in its position prior to installation on the drill rig 20. A lever
assembly 22 is pivotally connected to the supporting structure 16. An arm 24 is pivotally connected
to an end of the lever assembly 22 opposite the supporting structure 16. The arm 24 can be made
to be extendable in length. The arm 24 can also be made 50 as to have a fixed length. A gripping
means 26 is fixedly connected to an opposite end of the arm 24 opposite the lever assembly 22. The
gripping means 26 includes a body 28 and grippers 30 and 32. A link 34 has one end pivotally
connected to the skid 12 and an opposite end pivotally connected to the end of the lever assembly
22 opposite the arm 24. A brace 36 is pivotally connected to the supporting structure 16 and also
pivotally connected to the arm 24 between the lever assembly 22 and the body 28 of gripping means
26.

[0034] In the present invention, the supporting structure 16 is a structural framework of struts, cross

members and beams. Inparticular, in the present invention, the supporting structure 16 is configured
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members an d beams. In parti cular, in the present invention, the supporting structure 16 is configured
WO 2010/051279PCT/US2009/062220 so as to have an open interior such that the pipe 18 will be

able to be liftedi, 3,fR8%8% SO as to pass through the interior of the suppastingsiswessied6. As such,
the end 38 of the supporting structure 16 should be strongly reinforced so as to provide the necessary

structural integrity to the supporting structure 16. A lug 40 extends outwardly from one side of the
supporting structure 16. This lug 40 is suitable for pivotabie connection to the lever assembly 22. The

supporting SiGHR, 165 Rivatali corneciadatithe PRResiteend d2iteca losationor thaskiss 12. The

pivotable connection at end 42 of the supporting structure 16 is located in offset relationship and

al €l 1ISNIP
above the PEYEBBCHIRKERSNA A BPEHE I SAGIHD tHeS SKRP-15° WA HAOTHE RIS EF 48 Extends

outwardly frigrmtheisidle e the-SURREIIBG St slvRIA Oppesits hedink Bdicthis Hrameuasaeimbly 46
has a pivotable connection v?rith the brace 36. 100351 The I{Elver assembléthz i_n%uq%s first portion
48 and a sSEYRYTHORIoH 86 47 REFHLT JERA UE DAL LR GBRISE LS SIE TS r8spattts the second

portion 50 Theailisk3Idrisinivoialyceonaciemdt:thesenthofytte Secang@onicnuatroppositethly first

portion 48. The arm 24 is pivotally connected to. the end of.the first portion 48 oppasite the ond
portion 50. SHBIEI§4) bGP t%é’%%%ﬁ&?g%tgtaru%?ﬁtﬁgnl%‘i%%l%ég;%y (';:r':(jtfrdlD é%%%al?ncgﬁ%%égaé%nggy
between theffitst epdaing Standith et dorukpartidfsd Oedihisstinique Zrente mentbictheieveérmssembly
22 facilitates the ahility of the present invention to carry qut men ' etween the
horizontal o%le%% ?tci)lﬁ%%vi’ﬁg {B/IS rs?f écglE %’riéﬁ" %@2 n anfS 8@'{ &%Fﬁg%?‘%%ﬁ %ue?g %%f%%%r%%@%%ﬁ:y@&“ﬁn ected to
the end of thefissineostiori48 Gf thpokiwehabskiblyl2R, finecoppogite 4nhoh tiecthle 2ankeeidiinected to
the grippingw%e, n%lza%é%particular, a pair of pin connections engage a surface of the body 28 of the
gripping means 650 as to fixedly position the gripping means 26 with respect to the end of the arm
24. The pin [003MiBtionsch 2ssmb b2 e anr denatfiesimmitien 3P okt s, serathes fiestéhefde dB55R0F§ Btrongly

connect the,ody.28. of the gripgi NHA&ANS 26tk the. auh &4 p e P agsacirted Wik aimy

connections 52 and 54 can be removed such%hat other gripping means 26 can be affixed to the end of

the arm 24.aensoieH terbersimbof Sredivaend periensd eoperiR&pIiEsHMr livafidieanpd Saimabie to

various sizes,0f Ripg L8rndhyaians ARigs:of dallingigs B0-s1QR3 Hhrlibe arippingrpeans 2@ includes
the body 28 with the grippers 30 and 32 translatable along the length of the body 28. This vertical

translation GPERETHABPEISTEO Hhit BYANORROTRECHHE £ 2 generally between the fifst portion 48 an

the second portion 50. This unique arrangement of the lever assembly 22 facilitates the ability of
the present invention to carry out the movement of the pipe 18 between the horizontal orientation
and the vertical orientation.

[0036] The arm 24 has an end pivotally connected to the end of the first portion 48 of the lever
assembly 22. The opposite end of the arm 24 is connected to the gripping means 26. In particular,
a pair of pin connections engage a surface of the body 28 of the gripping means 26 so as to fixedly
position the gripping means 26 with respect to the end of the arm 24. The pin connections 52 and
54 can be in the nature of bolts, or other fasteners, so as to strongly connect the body 28 of the
oripping means 26 with the arm 24. The bolts associated with pin connections 52 and 54 can be
removed such that other gripping means 26 can be affixed to the end of the arm 24. As such, the
pipe handling apparatus 10 of the present invention can be adaptable to various sizes of pipe 18 and
various heights of drilling rigs 20.

[0037] The gripping means 26 includes the body 28 with the grippers 30 and 32 translatable along
the length of the body 28. This vertical translation of the grippers 30 and 32 allows the pipe 18 to

-7



WO 2010/051279PCT/1JS2009/062220 be properly moved upwardly and downwardly once the
vertical orientation of the pipe 18 is achieved, The grippers 30 and 32 are in the nature of conventional
grippers wiieBuafsapen and close so as to engage the outer diameter®sfRS20/|9¢62&0as desired.
[0038] The link 34 is an elongate member that extends from the pivotable connection 44 to the
pivotable connection 68 of the second portion 50 of the lever assembly 22. The link 34 is
non-extensible and extends generally adjacent to the opposite side from the supporting structure 16
from thatpebpbegyama 4l dheatidik 3ddvddvgeratallyomeyveselatietatisatniovemeint pfphe Supporting

o the small framework 46 associat%d with supporting

truct 16.Theb 36 is pivotally ted
gty T e bk A e e v e o

Brace 3@ provitdegsthsciualdampgaerviatibheipsme24sasi@iso facilitates the desired movement of the
arm 2 ing. th vement of the pipe 18 hetween the horizontal orientation and the vertical

crion A 055 G Rl it 4R H) BRATE (A FaLER AL A e BSOS 0 Eostac 12 anc
an oppositettndoeasaesiens «f the suppbpingostaictirg d Gieradeaabigroabave the eadsdnWhen the
actuators 56 and 58 are activated, they will pivot the supporting structure. 16 upwardly from the
orisoR S B GBI 4 SO BeDRRG Vemtic € G PEATIE SHa e T Bachieve a
verticaharientasiarm \Withinhthenemacefit pithalpresent taMentian e sioglenbydsattic aptisatiag can be
utilized instead of the pair of hydraulic actuators 56 and 58, as illustrated in FIGURE I, 100401 The
crllng P 5% M PREEAS Radh i BB S €% N T By SSREETEAUD an enc
above gl éliith fle@n Gdrc W@ the pipeally isdndiscdartidat aiienipligmhdhedtansiatablenawdement of the

grippers 30 and 32 can be utilized so as to cause the end of the pipe 18 to engage with the box of one
of the HHIBip B0 SISO FRSCIRE TEAE bl £t ARAVENER P FRTBRBR B of the. pipe

18 is ilbsstiedad 2nWilingARe hbe-marementigt thebpivebpaioh68-ohthecannastion betwesnithe lever
assembly 22 and the link 34 is illustrated byline 70. Curved line 71, illustrates the movement of the
pivotaSiEeBS8ction 40 between the supporting structure 16 and the lever assembly 22, 10042] In the

preserpipenionathe coanginsesemavemantohaeasy ehthendapmstensiblenmnambers.ef the apparatus
10 is achieved with proper sizing and angular relationships. In essence, the present invention provides

a four-BRIMIR BRFEBACEHR JArGUS RRTFESSHEAS 1 rBshib AieThiB0niBREDS 42 When the

actuators 56 and 58 are activated, they will pivot the supporting structure 16 upwardly from the
horizontal orientation ultimately to a position beyond vertical so as to cause the pipe 18 to achieve
a vertical orientation, Within the concept of the present invention, a single hydraulic actuator can
be utilized instead of the pair of hydraulic actuators 56 and 358, as illustrated in FIGURE 1.

[0040] The drilling rig 20 is illustrated as having drill pipes 60 and 62 extending upwardly so as to
have an end above the drill floor 64. When the pipe 18 1s in its vertical orientation, the translatable
movement of the grippers 30 and 32 can be utilized so as to cause the end of the pipe 18 to engage
with the box of one of the drill pipes 60 and 62.

[0041] In FIGURE 1, the general movement of the bottom end of the pipe 18 is illustrated by line
66. The movement of the pivot point 68 of the connection between the lever assembly 22 and the
link 34 is illustrated by line 70. Curved line 71 iltustrates the movement of the pivotable connection
40 between the supporting structure 16 and the lever assembly 22,

[0042] In the present invention, the coordinated movement of each of the non-extensible members
of the apparatus 10 is achieved with proper sizing and angular relationships. In essence, the present

invention provides a four-bar link between the various components. As a result, the movement of
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WO 2010/051279PCT/US2009/062220 the drill pipe 18 between a horizontal orientation and a vertical
orientation can be achieved purely through the mechanics associated with the various components. As

can he seen, oRlaSiKEHfaydraulic actuator may be necessary so as to agligygihisigesied
movement. There does not need to he coordinated movement of hydraulic actuators. The hydraulic

actuators are only used for the pivoting of the supporting stmcture. Since the skid 12 is located on the
bed of a vehicle 14, the vehicle 14 can be maneuvered into place so as to properly align with the

centerline af,the;driiRipeRARAMGQfHhe drilingiiia £ LRARADS:RHERRK IR dsaghieued by the
vehicle 14, the apparatus 10 can be operated so as to effectively move the drill pipe to its desired

position. THE'GHBbEICIEEEhB e &8 LB ARSVAEIIS T AHBRREAL oMl P& 88 BV spwardly
and downwggetivifer 1hdasppey stakbina9fthe diillcpipesito @artdsnfae ereseni-inurptionisadaptable
to various links of pipe 18, [0043] Varjous types of gripping means 26 can be installed on.the end of
the arm 24 @ob8§‘f8rffﬂi’;5“éjrf§}°é(8%’mﬁ%§f§q ﬁ@%?%é%&th@%%‘%@&%@%%@ VR PLORE S iGstrated
herein in cosineGiinos thiGiYPdH 604 43iAs suekkithsteadooidie @omplex ocoatrehiriechamisms that

are required with prijor art systems, the present invention achieves it results by.simple euvering of
the vebicle TSVSF AN JHRFATEI G RE RS TN e TR 4D B8 AT A G ALrR
movement 60 thelpipe il hiadeidabigyed pirely becauger afitherone chamicab ¢ bnnketvomsibdtyden the
various components. As such, the present inyention assures a precise, self-centering.of the.pipe 18
with respec%ﬁga{ﬁ{eh%é@i%%%god r?léact m%" &lspé). T\S%%}ﬁ%f(gﬁ‘ﬁéif ﬂ[ﬁl}g rlgteels(;) t(ll%ﬁse(%?llﬁe%ig(é%ﬁgr}heg%eneralIy
horizontal ogigmtationscirbile pidsepciouentieniiinsiipdhardtitoptote thiat bherdritidipey eulty badelivered
to the apparatis 10, 4 PRSTANbelaw: e sHeRAINGSEHGH 8216wl RALCHIAL, 0 ddlpipg.can be
loaded uporﬁ es rlég/l%)?n gaﬁé%é’gtic}n gé%eraﬁy aé%a%%%t to the grippe 5630 and §2 aslsoc?gtedewith the
gripping melans2aisAmisueinipad present invention facilitates the easy delivery of the drill, pipe to the

desired loc H@&‘sg%%&ﬁ&qg%fs §Pga,99i£g,2n¥&!h9ﬂpc%aeo9#1@51%&%5&{ Spapipg 18inthishodapntal

orientation. [0046] In FIGURE 2, it can be seen that the supporting structure 16 resides above the drill
pipe 18 ancRisgamerals loasellsnedis i ispiplfo tABSpaliriss srtHBSated 2omie Re¢@igssdihbly 22 is
suitably pivetes ga-thatghe arm 24 extends through the interior of the framework of the supporting WO

2010/051279!IDY1J 82009/062220 ) ) ‘ _
[0044] As such, instead of the complex control mechanisms that are required with prior art systems,

the present invention achieves it results by simple maneuvering of the vehicle 14, along with
operation of the hydraulic cylinders 56 and 58. All other linkages and movement of the pipe 18 are
achieved purely because of the mechanical connections between the various components. As such,
the present invention assures a precise, self-centering of the pipe 18 with respect to the desired
connecting pipe.

[0045] FIGURE 2 illustrates the drill pipe 18 in a generally horizontal orientation. In the present
invention, it is important to note that the drill pipe can be delivered to the apparatus 10 in a position
below the supporting structure 16. In particular, the drill pipe can be loaded upon the skid 12 in a
location generally adjacent to the grippers 30 and 32 associated with the gripping means 26. As
such, the present invention facilitates the easy delivery of the drill pipe to the desired location. The
gripper 30 and 32 will grip the outer diameter of the pipe 18 in this horizontal orientation.

[0046] In FIGURE 2, it can be seen that the supporting structure 16 resides above the drill pipe 18
and in generally parallel relationship to the top surface of the skid 12. The lever assembly 22 is

suitably pivoted so that the arm 24 extends through the interior of the framework of the supporting
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structure 16 and such that the gripping means 26 engages the pipe 18. The brace 36 resides in
connection with the small framework of the supporting structure 16 and also is pivotally connected to
the arm 2% dadivsi 34 will reside below the supporting structure 16 g@aarasiyeesdjeasamt to the upper
surface of the skid 12 and is connected to the second portion 50 of the lever assembly 22 below the
supporting structure 16. [0047] FIGURE 3 shows an intermediate position of the drill pipe 18 during the
movement from the horizontal orientation to the vertical orientation. As can be seen, the gripping
meangR6thas gngagechwith the gipeild nlasslevenasssntilypp? IRpivdiirgse Mattheend 79 of pipe

18 will pass through the interior of the framework of the su rting, structure 16. Also, the arm
assoc‘?gf’éﬁ%‘i’ﬁ% gsop #ﬁ%‘ﬁﬁ@%éﬁ%ﬁ@%ﬁ@ﬁ&ﬂ%‘?fgﬁﬁﬁg@ %?%Sepa’r?&ﬁ}ﬁ 50%652%1 26 through
the interins ghihe franeewrn ofithe:-sdppertinghstsustorantGilbaibracgderisipallingandhiefirst portion
48 of lever assemt%y 22 so as cause this mog’)on 0 occur, The link %%Sﬁﬂmn on th ez&di of the
secontPPurithasn Ut thie b er 288emtfys5sieh NS PSR REHPL: PORIGH® %Vﬁ%%%%%}% to cause

the meyement aifheibedy2@e¢ the gripping means 26. The hydraulic actuators 56 and 58 have been
operated so as to urge the supporting structure 16 pivotally up d% 048] FIGURE 4 shows a
Forol N haRs RSB0 R 6T RS GHPARAL 6. B G SRS SER TGP 4 anct 58 urge
the suppoiding sHuakie 1oneiiaity sewaiely avay feaseihedopsiniase af timakid ghged his causes
the link 34 to have a pulling force on the pivatal connection 68 of th%s,econd pg)rtion 50 of the lever

assembh} 95 Pipid a8 LB HrSPOHTOH 48 SIS T AT HE SBABIPOBIRG HHSUE LAVEF R Rthereby

causing.thacien SknineemRinationndththerbracarabde lift thaigsippingmeassAtdfwithentipwardly and
draw the pipe 18 completely through the interior of the supporting sp[nr ctu%{la,As ,caw seen, the
relativE HD B EREIR 20SAT BT HREMAYHHS RUMPO AE IS BHNESPEEan L PSR KARINE i Thovement of

the pipe.dBwdtheptibeuwpsseifersaparatedyriiavtcasiintoisi{R04dhHEURRiligsirates the drill pipe
18 in its vertical orientation. As can be seen, the drill 'Efipe 18 is posijtioned directly apove the

underRAFTISE B3 ahciscdRINAY 130 osane L BN R GV A A6 PR RGP Borting

structue okthis iIeaSRSERY thehwdiaidigsylingd ars: p6rand ABupbhisitasees tagstife 3otedetate and draw
the end of the second portion 50 of the lever assembly 22 downwargll%/§ The lever assembly 22 rotates

about BAEERRAHIL Hey SHERISANBAB RSt PBFISHAE AR, 301070519 78 BERPETURISTEESS90 of the

lever agsembly e ﬁ%ﬁ@tﬁ%{@ﬁ{&@& its pRpeNeRgwiRgybrace 36 is now rotated in a position so as to
provide support for the arm 24 in this upper position. The g&%ﬁgﬁrmeans 26 has grippers 30 and 32

alignePO4H NP LRI rigysca dpii B rerstBifsmp isPsac i BiRg #GreEate Wovement is
requi r%%&@ﬁ\ﬁ/@@&&ﬁ@rp%tﬁm 2NdAARkthe Ripe & anetheaHppen caska2i8lipei therghe vehicle

14 can be moved slightly so as to achieve further precise movement. In the manner described

hereinB&tare dheherfidide TonsRusEsHRaMt AL BHBTE R % EIFH AR RERDR BY SORTGEISE R

interrefatigRshiR.ef Haevarioust eRmpenentsabheprasentiowantiomane withous tredperador complex
control mechanisms and hydraulics. 100501 .in order to install the drill pipe 18 upon the Bi e 62, itis

only n@d¥ERRR) 3D OERATA TEASIARE R GrisHe Lo A 3 AR AN IER BRoH e §Piffing means
26. Asiguchpihe.end 80 ean e siahhedinte dhsvhaxsennection1SRiotnRe6d. Butaetongs,

spinners, or other mechanisms can be utilized sq as to rotate the pipe 18 in order to achieve a desired

conneHBPOTTIRS HRISHERS 80AHHB D SSAHBH Hatke éggé‘&qfﬂﬁt%@gﬂi‘é NP BB Und returned
back tenths-auigingl ResitiamsuchibatAesiheclanglipehdriipipe cambalinstaleed098LLRIGURE 6 is

a detailed view of the gripping means 26 of the present invention, In FIGURE 6 the pin connections 52
and 544#¥%een installed into alternative holes formed on the body 28 of the gripping means 26. The

holes, g sboiRiB4icanbefamed ing suifacs afithe hodnuaSsaastonalew, seleetiveronnection
between the end of the arm 24 and the body 28 of grg)pin means 26. As such, the position of the

grippInk rHeRRTAIPBSH SBRSHIHRE Th &8 HAISHIEBRIRS MR T UARDES hedistiiagipyard

pivotal movement of the supporting structure 16 is caused by the hydraulic cylinders 56 and 58. This
causes the link 34 to rotate and draw the end of the second portion 50 of the lever assembly 22

downwardly. The lever assembly 22 rotates about the pivot point 40 such that the first portion 48
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19052i It can be seen that the pipe 18 is engaged by grippers 30 and 32 of the gripping means 26. The
configuration of the grippers 30 and 32, as shown in FIGURE 6, is particularly designed for short
length (approxiw@ately@dFeet) of drill pipe. In FIGURE 6, it can be seen thatthesgrippers80 and 32 are
translated relative to the body 28 so as to lower end 80 of pipe 18 downwardly for connection to an
underlying pipe. [0053] Occasionally, it is necessary-to accommodate longer lengths of pipe, in other
circumstances, it is desirable to accommodate pipes that are already assembled in an extended
length. In RIGMREF aiscapipesesn thasithedill piper 28ds Tatrbedafcrparatetsedtionp @i @2,94 and

96 that arejoined in end-to-end connection so as to form an extended length of the of the pipe 18.
When sucHpipé® HRY! WME%B&M@%&% %?'%ﬁaeigeen%%rlél én@ﬁﬁse}}, %%%ﬁ?é%ﬁg means
26 of the peespatinvintidn wiltfigvedorheadapiedlsodsimacsommbdidter sifcheftendedeesrgths.

Fortunately, the structure of the apparatys 10 of the present.invention can acco date such an
arrangemerﬁlﬁV %%ngﬁsﬁ(éq‘slggrﬁﬁt\&%%ﬁ%%o}%oﬁ%g %drraooff %l}s“"éjolﬂcng%(?ta(-‘%p ttgcaltl Pibst Ejr}lp%p?e)(r)géslgér%ﬁbly 100
and connedtedthystabl driging b0 2nto @l skguhd grigperiassefmtiherifdciEeosenond brippeveassembly

104 is located directly below and vertically  ali ith the fi : . : b frame
02 mhe S e e e B R Sy 104
The first grippérterssetiobiip 00 thasbody d08thanis ditbetyceonneteidbtoite pihosbMeactone

gsgociated e@éﬁ@@%&mﬁﬁe&'ﬁ&ﬁwﬂi@ﬂﬁaﬁm'y 100 ingludes grippers 110 and 112 which engage
in intermediate position along the length of pipe 18. The grippers 114 and 11.6 of the second gripper

assembly 10858hlaectiteinsieb tsctibnins iSenspéia 8IPTRe. HistProY LRI TREBEE8% S the
horizontal pEsitign.&n tevericalpasitiondgshmianto thatidesstihed hefeinhefare. HdQpAkdtshould be

noted that the arm 24 can extend at various angles with respect to the gripper assemblies 100 and

104. In the PrEvefrEiPdrbeRiFRBIRCHRB S AT DRSGR hEWERis Mt Shaners 8RR ISHYIH S %e body
associated withithe;gHRpeyBssembligs 100 andko4cHawevetideadead do. ancosnipeeae sertain

drilling rig height and. arrangements, the arm 24 can be angled up to 300 from transverse with respect
to the body A<EBdPstehevRAARE P ks SLeohBlidy P8 ARGEOSMHSEEN P HIGLIES Pt Be seen

that the arngRd daasaddist statnfeamal b2 extendingugivardly from the top of the arm 24 and a second
stab frame 122 extendln? below tlﬂg arm 24. The first stab fr§r|g1 120 includes aﬁggpgelgI : bly 124

affixed therBHAE QA SABFahacTY R RTHRE S YRED é)%ée?’%ﬁf/elﬁgv%nnecn

ed thereto. The
arm 24 will inalusie suitabienpimcoidrectionsdacaied o ithe doprsuifabelth &reofdmdierbtide 2otfom

surface thereof so as to en ith the stab frames, 120 and 122, The gripper asse 124 has
suitable grif) SersPPoE Qi rfg%g%?@l/ Srgaﬁaea’iﬁlég%tﬁséﬁbee%p%dr ig%%%% %iﬁé%%%gﬁ%eg%}?%%% é%é‘%mbw
126 includes giipperedid4 amd<t86nfortengatingivithiie kowér podtionbofif?é pfesinges meaitiugirated in

FIGURE 8, the pipe, 132 is.am @ le.section Q' Ivlo eyer, iB% ;x%gmlpgaar& , g@(gggr-l(ﬁ[ggth of a
single pipe é@gﬁgﬁi%i%%sgioﬁfé g%rxgpé WS Ié%eﬁ%hlot er em o]diment of thecgrif)%ér asse}nbly
structure ofdihepséssnt.invention. In FIGURE 9, the arm 24 is connected to the upper stab frame 150

and to the l%?ﬁ}sﬁa&n be seen that the pipe 18 is engaged by grippers 30 and 32 of the gripping means 26.

The configuration of the grippers 30 and 32, as shown in FIGURE 6, is particularly designed for
short length (approximately 30 feet) of drill pipe. In FIGURE 6, it can be seen that the grippers 30
and 32 are translated relative to the body 28 so as to lower end 80 of pipe 18 downwardly for
connection to an underlying pipe.

[0053] Occasionally, it is necessary to accommodate longer lengths of pipe. In other circumstances,
it is desirable to accommodate pipes that are already assembled in an extended length. In FIGURE
7, it can be seen that the drill pipe 18 is formed of separate sections 90, 92, 94 and 96 that are joined

in end-to-end connection so as to form an extended length of the of the pipe 18. When such pipe
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frame 152. Gripping assemblies 154, 156 and 158 are provided. The gripper assembly 154 is WO
2010/051279PCIMS21109/062220 connected to an upper end of the upper stab frame 150, The
gripper assemkly, 168 is sosnected to a lower end of the lower stab frame 4&gydheaepper assembly
156 is intermediately located directly on the opposite side of the end of the arm 24 and connected to
the lower end of the upper stab frame 150 and to the upper end of the lower stab frame 152. As such,
the present invention provides up to flute gripper assemblies 154, 156, and 158 to be connected. This

can be utilized, 50,25 {0, aceqmnodate syeRy pRAE! 18Rgths gtRiRaninasded: AARASIHE heprasent

invention achieves a number of advantages over the prior art Most importantly, the present jnvention
provides a §5iBe P ARHAG S Sata & 4 5 APERsthE ANz S B FHFR BE S FRBHEYF HiedHERisms,
sensors angQyaranlisrysiems assesiaied withdhepipedmanding.systenm SiRteURe mavemeant of the
pipe is achieved in a purely mechanical w%¥) onI§ a single h%geraulic zctuator IS necessary for the
movement B fHOEHSI S S SERRE 255 th OB R B SRR S AP ARG by thieiatdiréiationship
of the various.e@mnonents sAsRLEHThe prasent mvebtasdathiaves seedomiiostiythikeeciorsiand
deviations that_.can occur throu he use of multi ydraulic systems. The simplicity of the present
invention FACTRALE BTG B A ety RIS Y5 BUAriRe B Bt RARCTonE iderm. The
amount of galibsagionsistatativelyl mipimalSinde thé dkid iRt gsppeiatecmbith héeprestntifvention can
be transported by a. truck, varigus fine movements and the location.of pipe handli ratus 10
can be ach'i%&é‘%ﬁr%%ng C{ﬁ\étgi%ﬁ p%nr?"locl)l\?g?ﬁlé)ﬁ? %st?ﬁéﬁ\?%r‘ﬁ%fﬁﬁ‘f glp%étg%ﬁﬁﬁén%%%g%g%@%% of the
present invewticksigripdepentiend dbf 2hvehdrilkingaggindstsushlizsogieopipergahd limgthpparetds that is
built in accqrdance with.the ings of the, pr ' I9R.£ e Hiilized on.a pumRer.gfsigs and
oan be utliadg %Rpé’r?i/st?rlrg;a\r}v g’r%ﬁoggllﬁ% 0%%‘58%%%%&%2@% A rf%c{)%l the d(illri%g rig, in any sgi/%y, to
accommodate The pipeohafuling abparatus 6bthépheseentmpesition (Shircetiralpipeisoars Juaiesd

beneath th%oqﬁ&p&@téggeﬁtﬁg%%&@ providing of the pipe to the pipe handling apparatus can be
achieved in a very simple manner. There is no need to lift the pipes to a particular elevation or

orientation [A05HI&t tooiitibgeretrs PipelitadaliAt SystaitndB0B8 R A IY! D FIS RENMDAHNAE is
shown the pipe Randiing,and@Easing.siARhing aRRaaius 200.ihagcaitance witly thedeachings of the

present invention. The pipe handling and casing stabbing apparatus 200 has a configuration of

supporting skatusebobodirassooiatedrael supziarReL o amliekid rokiat o hE e dhetrdetidn

described hgsinReayiousinhaiRipeiRMdling and.casiRg sabhingarparaus20Qrrchodemthe
addition of a stiffener means 211 applied to the arm 204 and to the skid. W
2010/0512 DT I SHD RSPS89 S PpEY associated with the gripper assemblies 100 and 104.

[0055] In FIGURE 8, it an be seen that the arm 24 has a first stab frame 120 extending upwardly
from the top of the arm 24 and a second stab frame 122 extending below the arm 24. The first stab
frame 120 includes a gripper assembly 124 affixed thereto. The second stab frame 122 includes a
gripper assembly 126 connected thereto. The arm 24 will include suitable pin connections located
on the top surface thereof and on the bottom surface thereof so as to engage with the stab frames 120
and 122. The gripper assembly 124 has suitable grippers 128 and 130 for engaging an upper portion
of the pipe 132. The gripper assembly 126 includes grippers 134 and 136 for engaging with a lower
portion of the pipe 132. As illustrated in FIGURE 8, the pipe 132 is a multiple section pipe.
However, pipe 132 can be an extended length of a single pipe section.

[0056] FIGURE 9 shows still another embodiment of the gripper assembly structure of the present
invention. In FIGURE 9, the arm 24 is connected to the upper stab frame 150 and to the lower stab

frame 152. Gripping assemblies 154, 156 and 158 are provided. The gripper assembly 154 is
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[0059] The stiffener means 211 includes a first cable assembly 214 and a second cable assembly 216
which are affixed on opposite sides of the arm 204. In particular, the first cable assembly 214 is affixed
to a link membgipZh&ikatis fixedly pivotally mounted on the arm 204. A staprazQoexntends outwardly
from the side of the arm 204. The stop 220 serves to stop rotational movement of the link member 218
as the arm 204 moves in a proper direction for the delivery of pipe andior casing. The cable assembly
214 also includes a cable 222 that has one end affixed to the link member 218 opposite the pivotal

connection g2 Mathaim 294 dhecaklapplsextants doyvrmaidlyfeomsthe grmLo4sadasiade
interconnected to the skid 210. In FIGURE 10, the cable assemblies.214 and éﬁoare{ghown as
v

applying a HHaEHERE Redrstsheah b ame Litn ReATPRES HsBvinics PURmrdR L0 B the load
of the pipe asieegived:Rithe aippers mhich Meaftisectedhe wotb22tend afme2@dc(nabdhomn). The
second cable assembly 216 has a onfigu(ati%nf{iden ig%I t tha%otfhfirst cable assembly 214, [0060]
Importantly!°8 APSLS P PEFHL 8N SHAE SRR 18Te end Bria-caBR DTS SEposte i arm 204. A
second springhpeoeZidPeis-aftxdiido the, aablentB258ssobtatethwittrithdsecond calblézessermbly 216. The
spring pods 228 and 230 serve tolaxli)gﬁ% ay anglvgée%gﬂection to each of the cable assemblies 214 and
216 s0 as (5 SBB AR LU A mieehanicar reSiStance to the arm 204. 10061i As can be seen, a
connector ¢l Mh2 Bisncanreattechtbithes enthdfecabid 222z Gonmabiarielameno2Bmipyisgsconnected
to a resilient means 236. An elongate member.238 joins, t ! ) 234 t id 210.
Simiarty, (0 R D R g S T e B e Harec a0,
Another resiignilmeecnsi24 isjsircuddyiedonneensy astenied 240 borpcited s B gaf 886N in the
cable asserblydA.ING SliEnieAnadgsiedReslioned on i skdrlAngenalongate

member 24iej0|nst e connector element 240 to the skid 210. QOO 2] in normal use, the resilient means
236 and 242 mepvestdoesterravesiiset forcepniiare siyesrsadn! of thectprouySEsHbIES DN shd 216
slightly out of lingar,alidnment ReesRhe isaRAEHe £ablen222 aadA3 withihe.Rlergatadmembers

238 and 240. By pulling the connector elements 234 and 240, respectively, toward the resilient means

236 and 2400 Hreser dagree brinnsdharmeapredbape dhuse o pprla i M b R SIReE mifes 214

and 216 angifiiune tnthe e 204 A6l thenry esent Brvastioncthendegtes ofiaieshpsriaal
resistance is greatest at the end of the travel WO 20101051279PCT1US20091062220 %f,%hzaim 204.
In other wottks PINRSAHEE 550U eWRERTOIHPA FHAPET PokidoRTNWHIUATE: phiB°R if vEidal
alignment with, the-wellherdsthenmechanicalr esistansatis the gieatestiodsucho theanmuaf the present
invention receives the greatest stiffne;s at the go[nt where thg Rlilpe \i\{ilkfbe. rel ased.n%QnQG th'ghe
system of thCHS B dFaHDABHES APR I 78 PRaPR Gy ae ot HreadBm Sy Stems. The
pre-loadingyishié. repe ateblantitheupausing s de drep af syistentidn inultipla degeé tofrfiteedan
systems, one would have to pre-load all of the degrees of freedom. In ltiple degre reedom
R S e G R I e Lo
invention, thevstifiness iscvailiabicoas thenbysté neopet atehe Thib ashainyrindeghee roftiffhddssccurs
when the ant is in its sec osition at.the end of travel, This stifft anhe AchisNed &itgr through
tension Ioad?ﬁ}é), Sﬁgﬁoa%c%%%ﬁgeéﬁﬁénéég’é?%g ‘é%%’lte% g%s%%ils{gzﬁl%j%ﬁd 21!1?1(2l cfescri.bed herein or by
compressioprésadings:Sioch Sonvhession doddidgldouritb ceer by chimgsaob e Hgar ditaet Within a
/-door of a [igasSeIRlY 1N SINPLWRIARERISIARGR AU Anpiedia MRdoP LIS Aufalarrinan

from the boltom of the arm. The present invention is also usable in association with the installation of

horizontal pibepiPretsnpeidelgrateviirasd orrRSRincaRchE MRS {51415 98lif8s. Once
again, the meehanical kasistanse ean PeAPRIREIR ihe Perhanical sysiem aktbeengatienavel of

such a system for installing pipe horizontally. 100651 As used herein, each of the resilient means 236
and 242 carrederdrectorcha prinbiagsseiisiesers myratiatediins piesURE G B CAHISS #PITE nature
of a pneumali.culindes has a configuration of supporting structure 202, arm 204, brace 206, link 208 and skid

210 similar to the construction described herein previously. The pipe handling and casing stabbing

apparatus 200 includes the addition of a stiffener means 211 applied to the arm 204 and to the skid
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10066] In particular, in FIGURE 11, it can be seen how the cable 222 is connected to the connector
element 234 and to a pair of elongate members 238 and 250. The first elongate member 238 extends
at an acute angle with respect to the second elongate member 250. The resilient means 236 is in the
form of a pneu%ﬁ’&i%%%ﬁé)a 252. A source of pneumatic pressure 254 cohmURICAIEL ith the interior
of the pneumatic cylinder 252 so as to allow for the adjustment of the degree of movement of the
piston 256. As the piston 256 is drawn into the pneumatic cylinder 252, the piston 256 will draw the
connector %Ilegnent. 234 toward the pneumatic cylinder 252 and increase the amount of deflection
between the elongate members 238 and 250 relative to the cable 222. The pneumatic cylinder 252 is
affixed to theosRidr2d eridcasn erehoppositt:dheadoninebionsierhisit 234d 46067d citie prestibhditg system
200, as shown |n FIGUIRES 10 2nd 11 greglly ephtances fhe,abily to axad springbas 796 @
establish greafer precision in {h8 e Ivery of pipe andior caglng to the

2010/0512 79RCT1USRO0MOER2 208 lingmigdlly hiastbdemdound ontHetameXde Anventaltestendhat 0.03
inches of ton@%%%gfg%r%%&%@%#&% &%96&@&@%Qéwés%f,leéﬁ@gtmﬁm&ﬁ%mﬁﬁsm&va' or

addition of ?L%) ounds (the maximum payload) of load appliedto the arm 204. The ability to avoid
the springbackiber2id agHieventRid mevdsompau dcytiaolstihdpiresent Diremider tesstab 0E.sing

within 2 146,91 ap et tolerance Thisdsflestion of the gableasrembliend i and aiinerenses the

stiffness of the pipe handling apparatus of the present invention by a factor of 300. The load is shifted

directly frorPRsisrHhezovoigheractiensiah wnbame28hchbeisigle Adhe skt sauimataldremdiedtly on the

arm. [0068LGIGHRE, 12iahewadhe.auPRRuing s HuGiwie 2Rz in itngaperaly-halizontalarientation upon
the skid 210. In this position, the gripper assemblies associated with the arm 204 are in position to

receive a pipe sk dadhnlviheremeciaaifi pesibaaraiih ahkohe b S8 isH d s eSS 8sition
away from e sesRastiye siRRspd e dinkaambrr s berandid6dyilkitaie abekd the pivehpoint 224

during the movement of the arm 204 and during the movement of the supporting structure 202. The
respective CAHISRSEEMBRESSPALIY'S PESTRP YerlSrant LFApLsHIRiRY (EnSGISIR"st (M &igiBBiting
structure 2Q2:d®869} FIGURE 13 shows the movement of the supporting structure 202 from the
position adjacent to the skid to_the vertical ition. As can be seen. the arm 204 is pivoting with
Fospectto GV LB 565 HhETK TAer ST PRI ST FoTAe SRR I Bt point
224 during this. meveme sirittgosud beoseefithatdite arbh 202 adtichrow ey itipthasdby histbéenshebrespective
cable assemplies, 214 and 216. Eyvent the arm 204 will assum nerally horizontal grientation
when it is nrggészg?ys ()“B%%jlﬂosn%\ée %ﬂg? %@8?6?%5’5%’5 1%%1 a %%frgéi ;%%f on, %afg:l% %%gtl%e%a t116e link
member 21&tondoiiatt thadsiop 226 thsciecasellt,stippliensioriagcef e tane ROGcamiédin. [0070]
importantly, e enhianced acauracy.And e ARlity e gl delleian oldae aum 204 Buringdhe.
installation and release of the gipe and/or casing enhances the ability to present invention to deliver
casing to thelanithing3rigs Sincentvstedingeniitst beae AVerdd witheertmambeactirainy theoansigdance of

deflection, ag caysed oy the presept inyantion,will allow the maximum amaunt of deflestiondq be

merely 0.07 inches. When the weight of the pipe andjor casing is released, any deflection is absorbed

by the stop RAbeasa sy tanckmes R4Sy chidbemiessidet ZEaNTHE SritiFO4IF SenRtaiAt a4l
generally fixgd, pesition. at fhis dimenr albefriban SRIRAING back 1R The faregaingigissisite and
description of the invention is illustrative and explanatory )

on the skid 210. Another elongate member 244 joins the connector element 240 to the skid 210.

[0062] In normal use, the resilient means 236 and 242 serves to exert a resilient force which urges

cach of the cable assemblies 214 and 216 slightly out of linear alignment between the respective

cable 222 and 232 with the elongate members 238 and 240. By pulling the connector elements 234

and 240, respectively, toward the resilient means 236 and 242, a greater degree of mechanical

resistance can be applied to the cable assemblies 214 and 216 and, in turn, to the arm 204.

[0063] In the present invention, the degree of mechanical resistance is greatest at the end of the travel
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WO 2010/051279PCUUS2009/062220 thereof. Various changes in the details of the illustrated
construction can be made within the scope of the appended claims without departing from the true

spirit of the invepgakohieRresent invention should only be limited by the fellonvingolabms and their
legal equivalents. MCSLIP CLAIMS | claim: 1. A pipe handling apparatus for moving a pipe to a drill
floor comprising: a supporting structure

of the arm 204. In other words, when the arm 204 extends into a proper position in which the pipe
is in vertical alignment with the wellhead, the mechanical resistance is the greatest. As such, the arm
of the present invention receives the greatest stiffness at the point where the pipe will be released.
[0064] The system of the is particularly applicable to single and multiple degree of freedom systems.

The pre-loading is not repeatable without a single degree of system. In multiple degree of freedom
systems, one would have to pre-load all of the degrees of freedom. In a multiple degree of freedom
systems, in one failure can cause catastrophic problems for the rest of the system. In the present
invention, the stiffness is variable as the system operates. The maximum degree of stiffness occurs
when the arm is in its second position at the end of travel. This stiffness can be achieved either
through tension loading, such as through the use of the cable assemblies 214 and 216 described
herein or by compression loading. Such compression loading could occur by the use of header
installed within a V-door of a rig assembly. In other words resistance would applied to the top of
the arm rather than from the bottom of the arm. The present invention is also usable in association
with the installation of horizontal pipe. The single degree of freedom system can be utilized so as
to lay pipelines. Once again, the mechanical resistance can be applied to the mechanical system at
the end of the travel of such a system for installing pipe horizontally.

[0065] As used herein, each of the resilient means 236 and 242 can be in the form of spring
assemblies, as illustrated in FIGURE 10, or can be in the nature of a pneumatic cylinder.

[0066] In particular, in FIGURE 11, it can be seen how the cable 222 is connected to the connector
element 234 and to a pair of elongate members 238 and 250. The first elongate member 238 extends
at an acute angle with respect to the second elongate member 250. The resilient means 236 is in the
form of a pneumatic cylinder 252. A source of pneumatic pressure 254 communicates with the
interior of the pneumatic cylinder 252 so as to allow for the adjustment of the degree of movement
of the piston 256. As the piston 256 is drawn into the pneumatic cylinder 252, the pﬁston 256 will
draw the connector element 234 toward the pneumatic cylinder 252 and increase the amount of
deflection between the elongate members 238 and 250 relative to the cable 222. The pneumatic
cylinder 252 is affixed to the skid 210 at an end opposite the connector element 234.

[0067] The pre-loading system 200, as shown in FIGURES 10 and 11 greatly enhances the ability

to avoid springback and to establish greater precision in the delivery of pipe and/or casing to the
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an arm extending from said supporting structure, said arm movable between a first position away from
the drill floor and a second position over the drill floor; and a stiffening member coupled at one end
of said arm a.nqv%t %no%pﬁti9end to.a surfacg structure, the stiffening .memb%%&f;{g}&%(’ela.stic
element conflgurea 0 apply a variable resistance to said arm as said arm moves from said first
position to said second position, the variable resistance being greatest when said arm is in said
second position, said stiffening member further comprising: a first cable assembly having one end

connected jo paicarm, and a0, opResIE e 1l dedly MR 40, sYHAGe SHHEIR. AR st cable
assembly exten mé ownwardly frorn one side of the arm, said first cable assembly further comprising
a link memigeripiviotaliyavioantebicsald e, 6 dible affixeu e saliel ifdimenibeo el pnedrithehereof, a
g pos AllsatkioyaN ARPeRiG PARALEIAENE A0 SMARBRG DA AneAALeAINGRISH 10 a1
spring pod and an opposite end fixedly mounted; and = a secorid cable assembly having one end
interconneetéibto theraaninmin auopposies etid fieelyimoite i téethespgradbia g dtoiré 28 &@hsecond

cable assepphly extending. gownwardly fram ananpesiesida of she-au:38id $6Rd cablgassembly

further comprising a link member pivotally mounted to said arm, a cable affixed to said link member at

one end th&pedfing agpargpebitFmxessto s BIp beitdasty of 14ld Ealeaddnehi{ieddiisey BtriBcone end

connected 1p,5aid RRING RO GNshameRRARIE bl fixerly mounies 2 dhbarpiReandiing apparatus of
Claim 1, said second gosmon eing an end of travel of said supporting structure and said arm.

MCSIIP 3. TESBISRATdIhE app HratiBror a4 M Erd Sl 0 rTe BRSNS AIPRIE WP e cond
positions withig.q single.degireiebdrardamy aid ShiIRAEIBEBI/IHIE theing 20haaihpivgirlitanounted
O A N S s o casing oterm, 1 an b2 capb AR B G el SRR Fposivion
away from the respective stops. The link members 218 and 260 will rotate about the pivot point 224
during the movement of the arm 204 and during the movement of the supporting structure 202. The
respective cable assemblies 214 and 216 will generally drape along the outside of the supporting
structure 202,
[0069] FIGURE 13 shows the movement of the supporting structure 202 from the position adjacent
to the skid to the vertical position. As can be seen, the arm 204 is pivoting with respect to lever
assembly 262, The link member 218 is pivotable and rotatable about the pivot point 224 during this
movement. It can be seen that the arm 204 will move upwardly between the respective cable
assemblies 214 and 216. Eventually, the arm 204 will assume a generally horizontal orientation when
it is necessary to position the pipe and/or casing into a desired position. This causes the link member
218 to contact the stop 220. As a result, the tensioning of the arm 204 can begin.
[0070] Importantly, the enhanced accuracy and the ability to avoid deflection of the arm 204 during
the installation and release of the pipe and/or casing enhances the ability to present invention to
deliver casing to the drilling rig. Since the casing must be delivered with extreme accuracy, the
avoidance of deflection, as caused by the present invention, will allow the maximum amount of
deflection to be merely 0.07 inches. When the weight of the pipe and/or casing is released, any
deflection is absorbed by the stop 220 and by an anchor, such as the skid 210. The arm 204 will be

maintained in a generally fixed position at this time, rather than springing back.

[0071] The foregoing disclosure and description of the invention is illustrative and explanatory
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a gripper configured to receive and support the pipe in a vertical orientation when said supporting
structure and said arm are in said second position. The pipe handling apparatus of Claim 4, said

gripper configured to grasp a horizontally oriented pipe when said arm and sai ing structure
are in said first E)V(;SSI(I)(])%r{(.)S he pipe handling apparatus of Claim 4, said sil%%lg)r%réggg%%?ure having
an open interior area. 7. The pipe handling apparatus of Claim 1, said spring pod comprising: a
connector element affixed to said opposite end of said cable and to said one end of said member; and
2 coil springyconfiayred fo trge.said copnsetar lement nya ditection away. fram. alignment of said
member with said cable. §. 1he apparatus of Claim herein the surface structure comprlseg a skid on
which the sufiportingnstrictine isithrouiteattig: fopife angintpabparatosdor Thomiegrapipetiena drill

floor Compris%&g:d%rﬁyf %8%%&%%%8&%‘?mwmg claims and their legal equivalents.
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an arm extending from said supporting structure, said arm being movable between a first position
away from the drill floor and a second position over the drill floor; a first stiffening member having
one end connected to said arm and an opposite end mounted therebelow, said first stiffening member
extending downwardly from one side of said arm and including an elastic spring eldfight Euch that said
first stiffening member applies a variable resistance to said arm as said arm moves from said first
position to said second position, MCSLLP said €aAdbEs resistance being greatest when said arm is in
said secomndlpaosition, said first stiffening member further including a link member pivotally mounted to
the arm, a cable affixed to said link member at one end thereat, a spring pod affixed to an opposite
end of said cable; and a member having one end connected to said spring pod and an opposite end
fixedly molnted;/apide hang e aprisitfeiing s baiPR AV g dhidoenermisesinected to said arm and
an opposite end fixgdly-mpuntaduterebelow, said second stiffening member extending downwardly
from an opposite side of said arm and including an elastic spring.element such that said second

stiffening memba&P aPBlicd Vil bid e Ml ai bR 108 STRITHSs S Hh MIYIRE FPSMSAid &Y position
to said seposidqmmﬂimfx&aidlsé_riﬁrﬁbstimmmeimbe’mhﬂthr ihchhﬁiilr@)arlimldme_mber pivot_ally
mounted to the %”ng?eﬁg%% f'%?ﬁé%%%‘&’ ik mempsr algne end thereat,a spring,nod affixed to an
opposite end of said cable; and a member having one end connected to said spring pod and an
opposite efddiedIjhmeirtate T piskidiaadinglamisarkusnofcoidigrs! saidpshpponitylstructure

and said aepsmuing betwasn saidifirghpasiten tsaidiseranspesition withid asings:Aegrge of
freedom, said supporting structure being a boom pivotally mounted to an underlying surface. 11. The
pipe handifig 8lparaftidict Efdin Z62 S BEBmHhdiy Sn'BraH!infsndl apskiogaitrdniiffoiiag
through saigapermindesieoas:saigboom and said arm move from said first position to said second
position. 12. The pipe nanding anparays of Claim 9, said second posiion being an end of yavel of
said supporting structure and said arm.

fixedly mounted to the surface structure, said first cable assembly extending downwardly

from one side of the arm, said first cable assembly further comprising a link member

pivotally mounted to said arm, a cable affixed to said link member at one end thereof, a

spring pod affixed to an opposite end of said cable, and a member having one end

connected to said spring pod and an opposite end fixedly mounted; and

a second cable assembly having one end interconnected to the arm and an

opposite end fixedly mounted to the surface structure, said second cable assembly

extending downwardly from an opposite side of the arm, said second cable assembly

further comprising a link member pivotally mounted to said arm, a cable affixed to said

link member at one end thereof, a spring pod affixed to an opposite end of said cable, and

a member having one end connected to said spring pod and an opposite end fixedly

mounted.

2. The pipe handling apparatus of Claim 1, said second position being an end of travel of

said supporting structure and said arm.
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13. The pipe handling apparatus of Claim 9, said first stiffening member connected to an end of said
arm opposite said supporting structure. 14. The pipe handling apparatus of Claim 9, further
comprising: MC.SLLP a gripper affixed to an end of said arm opposite said sdppottihg structure,
said gripper suitable for receiving and supporting the pipe in a vertical orientation when said supporting
structure and said arm are in said second position. The pipe handling apparatus of Claim 14, said

gripper suifable fergsaspingiahoszR/allyeenied pipd whemsdid aurvandsaridisypporinegstructure

are in said first position. 16, The pipe handling apparatus of Claim 9, said spring pod comprising: a
connector EIEHSA 4k f@g%é%ﬁ%&?ﬁ&%@% S B e T S gﬁlg ﬁ%)g rgaqalré}ngérynber; and

a coll springocartigurad:tdatrgesaidaennector element in a direction away from alignment of said
member with said cable.

4. The pipe handling apparatus of Claim 1, further comprising:
a gripper configured to receive and support the pipe in a vertical orientation when said

supporting structure and said arm are in said second position.

5. The pipe handling apparatus of Claim 4, said gripper configured to grasp a horizontally

oriented pipe when said arm and said supporting structure are in said first position.

6. The pipe handling apparatus of Claim 4, said supporting structure having an open interior

area.

7. The pipe handling apparatus of Claim1, said spring pod comprising:

a connector element affixed to said opposite end of said cable and to said one end of said
member; and

a coil spring configured to urge said connector element in a direction away from

alignment of said member with said cable.

8. The apparatus of Claim 1, wherein the surface structure comprises a skid on which the

supporting structure is mounted.

9. A pipe handling apparatus for moving a pipe to a drill floor comprising:

a supporting structure;

an arm extending from said supporting structure, said arm being movable between a first
position away from the drill floor and a second position over the drill floor;

a first stiffening member having one end connected to said arm and an opposite end
mounted therebelow, said first stiffening member extending downwardly from one side of said
arm and including an elastic spring element such that said first stiffening member applies a

variable resistance to said arm as said arm moves from said first position to said second position,
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17. An apparatus for handling tubular members adjacent a drilling platform, the apparatus comprising:
a boom pivotally mounted at its lower end to a surface structure and having an open structure, the
boom movable in a single degree of freedom between a generally horizontal positiog @gd, & generally
vertical position adjacent and over the drilling platform; an arm pivotally mounted to an upper end
of the boom, the arm movable to a maximum travel when the boom is in the generally vertical position;

a gripper @@i‘d’ierﬁkﬂﬁhﬁeﬁﬁfﬂn@é‘%@ﬁi@ﬁ@m&ﬁ%@sﬁﬂnﬁﬁar[ﬁ tHbyakar mfi\]gtb%%nwh,%%im the: grlipger
and arm pivat through the gpen strycture of the boom; . - at least one stiffening membeyr. coupled to
the arm atS%%t%né%r%ﬂé) t %%igﬁ%i‘é W&Hﬁ?‘erﬁ?@ﬁ%tﬂgf’fﬁ% ’?ﬁﬁ@ﬁfﬁ{f FRE B AifRATAHG St elastic
spring membad coRfigerdd:rta appknd teriable spsistandeffixtdacimethesiarable seigistdicaddeing

reatest X t | of he stiffening member further. includi air of cables, a
e e R e L S SR AR

of each ca mem eing pivotally tonnected to the
arm, and &%bil spring coupled to each cable. 18. The apparatus of Claim 17, wherein the surface

structure Compriges 3 =Kidi@ehmbich-His-PAITHIS JROUGkerconnected to said arm and an opposite
end fixedly mounted therebelow, said second stiffening member extending downwardly from an
opposite side of said arm and including an elastic spring element such that said second stiffening
member applies a variable resistance to said arm as said arm moves from said first position to
said second position, said second stiffening member further including a link member pivotally
mounted to the arm, a cable affixed to said link member at one end thereat, a spring pod affixed
to an opposite end of said cable; and a member having one end connected to said spring pod and

an opposite end fixedly mounted.

10. The pipe handling apparatus of Claim 9, said supporting structure and said arm moving
between said first position to said second position within a single degree of freedom, said

supporting structure being a boom pivotally mounted to an underlying surface.
11. The pipe handling apparatus of Claim 10, said boom having an open interior area, said
arm moving through said open interior as said boom and said arm move from said first position

to said second position.

12. The pipe handling apparatus of Claim 9, said second position being an end of travel of

said supporting structure and said arm.

13. The pipe handling apparatus of Claim 9, said first stiffening member connected to an end

of said arm opposite said supporting structure.

14. The pipe handling apparatus of Claim 9, further comprising:
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MCSLLp

a gripper affixed to an end of said arm opposite said supporting structure, said gripper
suitable for receiving and supporting the pipe in a vertical orientation when said supporting

structure and said arm are in said second position.

15.  The pipe handling apparatus of Claim 14, said gripper suitable for grasping a horizontally

oriented pipe when said arm and said supporting structure are in said first position.

16.  The pipe handling apparatus of Claim 9, said spring pod comprising:

a connector element affixed to said opposite end of said cable and to said one end of said
member; and

a coil spring configured to urge said connector element in a direction away from

alignment of said member with said cable.

17.  An apparatus for handling tubular members adjacent a drilling platform, the apparatus
comprising:

a boom pivotally mounted at its lower end to a surface structure and having an open
structure, the boom movable in a single degree of freedom between a generally horizontal
position and a generally vertical position adjacent and over the drilling platform;

an arm pivotally mounted to an upper end of the boom, the arm movable to a maximum
travel when the boom is in the generally vertical position;

a gripper carried by the arm and configured to grasp and carry tubular members, wherein
the gripper and arm pivot through the open structure of the boom;

- at least one stiffening member coupled to the arm at one end and to the surface structure
at another, the stiffening member including an elastic spring member configured to apply a
variable resistance to the arm, the variable resistance being greatest at the maximum travel of the
arm, the stiffening member further including a pair of cables, a link member connected to one
end of each cable, each link member being pivotally connected to the arm, and a coil spring

coupled to each cable.

18. The apparatus of Claim 17, wherein the surface structure comprises a skid on which the

boom is mounted.
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