APPARATUS AND METHOD FOR PRE- LOADI NG OF A MAI N ROTATI NG STRUCTURAL MEMBER
FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to pipe

handl i ng wppareaisea3 More particul arly, the present inveRrCiras2eelosi2es t o

pi pe handl i ng apparatus that have a nmain rotating structural nenber
rotating about a pivot axis. Mire particularly, the present invention
relates to controlling undesirable forces that are created whi | e

posi ti oni
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nmenber of the pipe handling &FR&s D OF THE | NVENTI ON [ 0002]
Drill rigs have utilized several rrethods for transferring tubular nenbers
froma pipe rack adjacent to the drill floor to a nousehole in the drill

floor or the well bore for comecOFAGHE INRERT&YNOUSI Y transferred tubul ar
or tubular string. The term "tubular"” as used herein includes all forns of
pi pe, [8001]Theinseseniciniventianotclaggsso pipeshangling iapp&ratuboﬂ\ﬂ@rmplatﬁcglaalszséwtnri:%:st

(BHA) , es of . tubul ars entl onal |y,
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Syst enph@ary éﬁ&(ﬁ@ﬁsel(/lroké}%rﬁaﬂém“'t résreﬁﬂh%'iﬁloﬁ'ragteﬁ atdontB1A \ﬁﬁﬁésﬁlﬁﬁlle fHRSd Lion
above the center of the well ep obvi ous di sadvant age V\AF the prior art
syst enatiage drbatd whide positfonangsd ghulhi atantelbrada IMora paiticelagntthé preadntt aolentign t he
pi pe el evators to the tubul ar and novi % the pipe fromthe drill rack to
the rdéelaey 1o AppErales [Opdenyaning, Biggmampjoda W@nﬁalcutr%la%mé?r 8b&icapirs handlinge
Vi cini éé Qtfu workers is potentially dangerous and has caused numnerous

injuri Indrilling operations. Further, the hoisting systemmnmay allow the
tubular to cone into conmmK@ijN]b@RmHEaNk/mﬂTIMer portions of the rig
as the tubular is transferred fromthe pipe rack to the drill floor. This

can ddf@{ge Drikrigutaye altlhafmjsemryl aptheds farfansipragrtpularghembers émn@@medw
bet wee ars in.the 004(Lr & nsferrl ng
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lifted up orito the platformand the | ower end thereof pl aced into the
nmous et lipgre, THd pipy el alolaiss casingp ligerahottpn ihghet assahbimge(Bélﬁc)y hinch dthiec tyipes of
cont ai r\b ﬂ j acent to t he rotary table which supports the pipe
tubulars known 1n 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 at the well head. 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 contact 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 mouschole is simply an

upright, elongate cylindrical container adjacent to the rotary table which supports the pipe

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



tenporarily. Wien it is necessary to add the pipe to the drill string,
slips are secured about the drillstring on the rotary table thereby
supporti nyotzhwm/wsa6m® in the well bore. The pipe is di scornEaisealofinsnast he
traveling equi pnent, and the elevators, or the kelly, are connected to the
pi pe in the nousehole. Next, the traveling block is raised by positioning
the pipe over the drill string. Tongs are used to secure the pipe to the
upper end of the dril]l string. The drill pipe el eyators suspend the drjl
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with drilling. Because the rope is tied around the casing at one end

t her esfring he casi ng does not hang vertically, but rather tilts somewhat. A
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the rotary ta%le. [0006] It 1s desirable to be able"to grip casing or pipe

posi t irasatbynftiag tiecdasag]jjaiotwmt a sanaly lehdling go thelrlg, planboren. t Aeths aope liftet the vasing cal
orientation over. the well bore,. and . thereafter | ower. the sane onto the
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several interconnected arns that are associated with a main rotating

st r uctAupn Wetkeron 3 plagioarelavatedrbeve Hie g Pleor musiedlé dhg i fthe gering andhl

novenent s, of .the l.evers, arns,, and .oth component s, of .t he mai n.ratating
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achi evgrd hiesipe pbsigenddesittht rotdyRhwial |y, a wide variety of hydraulic

actuators ‘are connected to each of the conponents so as to carry out the

pr escr0sd e desimahte. to Ae ablepd exip canitg o pipepdratmnstons reckaipaerih drolisgoillof
t hese actuators so as.RgS%ghieve t he deﬁlﬁed novenent . Advanced program ng

isr e&r&ﬁvleé C MG WEP ¥HHSE %tﬁtl?q.loséﬁr&léq,w? ore, and thereafter lower the same ontd the

string suspended in the well bore.

[0007] In the past, various devices have been created which mechanically move a pipe from a
horizontal orientation to a vertical orientation such that the vertically oriented pipe can be installed
into the well bore. Typically, these devices have utilized several interconnected arms that are
associated with a main rotating structural member. In order to move the pipe, a succession of
individual movements of the levers, arms, and other components of the main rotating structural
member must be performed in a coordinated manner in order to achieve the desired result. Typically,
a wide variety of hydraulic actuators are connected to each of the components so as to carry out the
prescribed movement. A complex control mechanism is connected to each of these actuators so as
to achieve the desired movement. Advanced programing is required of the controller in order to

properly coordinate the movements in order to achieve this desired result.
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properly coordinate the novenents in order to achieve this desired
result.[0008] Unfortunately, with such systens, the hydraulic actuators,
al ong wi tWwoabtmms2@enponent s, can beconme worn with tinme. PEWriSk@vnnres t he
hydraulic integrity of each of the actuators can becone conprom sed over
time. As such, small variations in each of the actuators can occur. These
vari ations, as they occur, can nmake the conpl ex nechani smrather

i nacc he failure of one hydraulic.conponent can_exacerbate the
or bl A0 Vil s n SSrf reic ERBE gl 4 B epgprents can
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continue to achieve the desired results. Fu e nore hy
act uatcomprdrhiatd ave time orAposuahednilhvarigioak ia csohsofetine dctvatororan bedael yhiete i s
to have errors, inaccuracies, and deviations in the desired deliver
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I n t herepRsl ori@ti®nhandfukigendPpRinadt jisghaveng afe HE@Mats&dnf @F ad @Becontinue to
installation of casing. The probl em associated with casing is that the

t hr eadshigye thh desirediresyltar Burfdementd!lprthamorqinirauliglactuaiors bat aaingorperatgdainio at

t he ends of each of t casing sections. \Wienever these threads are.fornmed,
the r angts vary frmrebfe i ORARSE et M aE RE < T ore hap FRe R Sia®
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t hreads of one casing'sectionwithin the threads of an adjacent casing

sect i omcarTheutadins pifte méveavnuopaytiane dhisradds fignifichelydelthoasyasbdcisthé witgiipg by

a pipe Pandling apparatus, in the past, has not been sufficient so as to
achi eW8lIYHE desired degree of accuracy for the installation of the casing

| eVENLHE des ! . |ation of tr
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t he pi pe handling apparatus could potentially damage the thin-walled casing
sect | @rPuHrYahlgat threcgis|af waghyof the casirthsechomfe e hpreycrtged birads axs fatapt the pi pe

B e o e L I bl e e
needs reddired s6BPD frapdrBnhiiad thbkhR4d dtnd cadind &LtiOMwiIARE thrdflls oRADLjRént he

present inventor discloses a pipe handling apparatus that has a boom
pi vot aksigg sastiabl éhdemued vl acduracytreqgosidtipothe alnlivay sethordsipgby tipge, haadling er
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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] To address these problems and needs, U.S. Application No. 11/923,451, filed on October 24,
2007 by the present inventor discloses a pipe handling apparatus that has a boom pivotally movable
between a first position and a second position, a riser assembly pivotally connected to the boom, an
arm pivotally connected at one end to the first portion of the riser assembly and extending outwardly

therefrom, a gripper affixed to a opposite end of the arm suitable for gripping a diameter of the pipe,
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therefrom a gripper affixed to a opposite end of the armsuitable for
gripping a dianeter of the pipe,a link pivotally connected to the riser
assenbl y woaopiosediabl e so as to nove relative to the nopemarstooofei2he boom
between the first and second positions, and a brace having a one end
pivotally connected to the boom and an opposite end pivotally connected to
the arm between the ends of the arm The riser assenbly has a first portion
extendi ng outwardly at, an obtuse le with respect to the second portjon.
001 11 HPR NI ot hesar st ned i o abls S Fja oy seliieo e Fephe

S €coNG ¢ BfaHobin et SnRESHE AR RS oAl pERAHEROK AR bh EAGH Bie GBI VAR Uofine N S
the pipe is connected to other pPpe Inthe well head, the grippers of the
pi pe hardHoom ayparappostereald @asealtynenpeqeal toAhpambbawcasthochdd @dhawatnh The

pi pe handling apparatus is that once the grippers release the pipe at the
vel | Rissicrsserally Aphaliet pertien exirading pwarally aemiobiwssngle o repegethayegend Thi s
i's duiohgnshe rel ease of the nassive weight of the pipe. This springback
causes unnécessary stresses on the pipe handling apparatus and can cause
st ructjoeal] THa PR Rahdidgh@panRadalivss a pige b @ clt haakh Mg RbshdiRRMiong Pipdpesh t he
rel ease of the pipe, the grippers and the armof the pipe handling

appar &9 cxizaordiave lengtlisrand gisaghis. dPnagpghe pipe escannediedto offidr pipsrie dreosel] baage

spi kes in.the stresses on.the boom of the pipe handling a ratus, In

ha & ety St A L g et B By S B G RBREHN H salos an
cause phA@irfY PPatafus RIS LG iRhbrstrBRadah pip8atihe MRIIGRYL he dfpRraAGSprASY Of
t he pi pe handling apparatus decreases when this springback occurs. Thus,

t her e upsvaallnaethway feonoihd wehlehesr Ting rabik tathd refease of the ntahe veletigbtafitopipé. t he

apparatus that is caused by the rel ease of the pipe at the well head. These
pr obl s SRIIEEbAgK ERSCHIMEITCERYY Hgesses Qs wigr biendligl phersius ndran gausg sTHual pe
handl i I yarq . .
appl | Ao BPRAREbiffrath s Utlac k8 RS E LB BT ERE B RGP M Rrinpers ) 1 ng
appar ahdshe drerofekapipt Bandn@apRab@ntarpekiacptihgbacNof upl@y t8d theRID, THid dregleon
January 14, 2008 by the present aaglicant di scl oses a pre-loadi ng system
for aliepepikandl ihagirasspaemihesbdom ahiherpiae bashingsppares alln pddiontearcainone
end to _a skid a Lch an arm s .intercannected

d i A ; f
The bonfleinly s BatftesOud e il el A ShERMSRASE vt A A PR BR kRS ©

af fi XedordeBvdrhge @Jcﬁ}a\i;\‘z of tﬁ@%@gﬁﬁﬁmg aftehathid deRftaYosRRHER IR kPR gBickloRe @R PTHS,
tension to the arm when the armhas a | oad applied to an end of the arm

opposithare isrendsd dornvoith ghet spnsgloack ngd sysinem tha dellcddonaf thaapparbisiteatassentd y
havi ng one end interconnected to.t ar m_and opposite end fi xedl

rount 88 i QobERECEAR S AL e Ch ASE B U KEHEH (T ng
an oppeShite h@e[aqayf th ﬁfye)handling apparatus.

[0012] In the past, various patents and patent applications relate to apparatus and methods for

stiffening a pipe handling apparatus. For example, U.S. Patent Application No. 12/013,979, filed
on January 14, 2008 by the present applicant, discloses a pre-loading system for a pipe handling
apparatus in which a boom is pivotally mounted at one end to a skid and in which an arm is
interconnected to an opposite end of the boom. The pre-loading system has a tensioning system with
one end affixed to the arm and an opposite end fixedly mounted so as to apply tension to the arm
when the arm has a load applied to an end of the arm opposite the boom. The tensioning system
includes a first cable assembly having one end interconnected to the arm and an opposite end fixedly
mounted, and a second cable assembly interconnected to the arm and having an opposite end fixedly

mounted. The first and second cable assemblies extend from opposite sides of the arm.
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nmounted. The first and second cabl e assenblies extend from opposite sides
of the arm[0013] U S. Patent No. 3,177,944, issued on April 13, 1965 to
R N. Kni ghio,20thse613bes a racki ng nechani sm for earth boPCcmgSeaguiopzzesit t hat
provi des for horizontal storage of pipe | engths on one side of and clear of
the derrick. This is achieved by neans of a transport armwhich is pivoted
toward the base of the derrick for sw ng nnvenent in a vertical plane The

o on %31 oot DR AChIRRT f oRrl 11 e fo S/NGRpiahE eufiih rifhind
stati ch ik er g0t @&mgaegq ipfhchb il OIS w haﬂgér&a%kcﬁaggeo&fpn¢@1@ngtﬂs Yhbh the

arm can deliver a pipe accept a pipe a station
associsatcedd awdtciteas b tl&g&rmia nhiers adhecved g méank é ademspakarng OOIch] is Pivdted

Pat ent No. 3,464,507, issued on Septenber 2, 1969 to E.L. Al exander et al,

t eachdevardghe P%ﬁﬁwé theodosigk fr sw ingamay srgt 4y 3 rvericaimlpre. st @ttt gadial dassarg nast

pi vot §J/OA ks B0 L& s%%&?%{‘ﬁ %J%h?C&Pﬁ ‘Fﬁa%rln%vhl&lck LaH fade Vé%a%ﬁ?qutggtt%ﬁgﬁ‘lf bi c?e”wEP Do

desir POSI |on a I'ng operations any ‘an

up toa \mdueﬁ%h to, iRkeatioB S thoASrrigu] dris fubstatidliydoeléma preedtan vttt thakrmh B4 udes
a bl ock novabl e up and down the nast through operation of cables reeved

f rom tdeBvernaiest [ergih sl ocdccentamipsrlongih book k st esjecinted with stragaworaiks oRoOWer
drill ({ gg% $ ﬁgrled by the traveling block. An elevator for drill pipe
i s carti’& APt swi ngably nounted relative to the power unit. Power

t ongs,[0F14] RS.S, PRENSNd B AUSHTNGSucAR STHRRHGE £d 980kAEENII1EARIARVEY, 1&RA-f the
mast and adapted to have a drill pipe extend therethrough froma drive

bushi mpgrteloln natetyguipd londlippsystendr Thiesystear mbgudehaemdsu pINotqdlypﬁourﬂecéacttdandmlbla n
t he dlrectlon f.the hole to. be drilled. [0015 at ent No. 33,771,
i ssuedSBYECH AR Vlglt&ansﬂ@t?@%%m\}‘%F‘%ﬁ“&;‘ﬂé’P“ pn g the SlEﬁ ds)f gl %@?raat’r?néﬁ’ s for

oV ”%S‘QEM}J gl&% tg b@grg]lgﬁ‘ln%h%%asf’ﬂasf@ocﬁ's hr"é@tﬁveﬁﬁ%@%@% nisth ﬁi&ﬁﬁ 1B& 1S

grippe n which 1s p y nount one en oom

The bmab‘w updndt dvavisthe angbaedughvgerdiibs of ohtaeyrebadal feorh hies e:bo;elmg rotdckaivay
aligning the pipe stand with the drill string. Wen both adding E: e to and
r enovicHVipPleek Prlberstinte addrpwwvorlt. r Arppwendrill\dsive jig egrripg e Hisritaveting heoc E

acconp IS el eva r ASUS d fromthe.tra I|n 016]
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froma storage area to an oil well drilling platform The positioning

appar pipescxiandlthetebraughifipen pdgvd husheg copuasteddo o powepdratefvoraretfydhe dml pipg it he

ngg %%Eﬁg%gjeﬁéSng?gh%%q%lﬁﬂf&ﬁPXhhgﬁ pi pe can be rel eased to be | owered

[0015] U.S. Patent No. 3,633,771, issued on January 11, 1972 to Woolslayer et al., discloses an
apparatus for moving drill pipe into and out of an oil well derrick. A stand of pipe is gripped by a
strongback which is pivotally mounted to one end of a boom. The boom swings the strongback over
the rotary table thereby vertically aligning the pipe stand with the drill string. When both adding
pipe to and removing pipe from the drill string, all vertical movement of the pipe is accomplished
by the elevator suspended from the traveling block.

[0016] U.S. Patent No. 3,860,122, issued on January 14, 1975 to L.C. Cernosek, describes an
apparatus for transferring a tubular member, such as a pipe, from a storage area to an oil well drilling
platform. The positioning apparatus includes a pipe positioner mounted on a platform for moving
the pipe to a release position whereby the pipe can be released to be lowered to a submerged

position. A load means is operably attached or associated with the platform and positioning means
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position. A load neans is operably attached or associated with the platform
and positioning neansin order to nove the pipe in a stored position to a
transf er wo2ntowwesidn whi ch the pipe is transferred to tRreTpsg000i0622¢8. The
positioner includes a tower having a pipe track pivotally nmounted thereon

Wi th pipe clanp assenblies which are adapted to receive a pipe length. The
pipe track is pivotally novable by a hydraulic power mechani smor gear

mechani sm between a transfer position in i ch ed into the clanp
oS oty PRT GiorhC pisedna s sERR i P b Chovre b S LS bgngigred
move m%@{hefpgsﬁoﬁéﬂbm }?}%gloﬂgﬁhflh&)& a t&@%ﬁlmgaﬁ Vgsel?ﬁkﬁ tvomgn‘%ugéﬁ ﬂfé}e%n vl/@ﬂs ued
on Cctober 19, 1976 Whol sl ayer et al h a 't ng appar at us

for ampipgd ¢lamplassetitilick iwhgctdereradepied ko réckive aaplparlatgnls Thheipantrack Brpdvadllt he
boomis pivaotally supported on a horizontal axis in front_of a well. A
cl anpitRy 2Rt hydraylig gewey Iye%ﬁﬁ@&réaarﬂaeqhﬁ@swmeévee@ﬁdra@ﬁfef PRsitigmvdrichan

axi s AL Ll kb % 800 2000 8lie 8l nelcINE p80Hon TENEh AIPLBO;TERAS 43I OV

the f pI'pe to swng acr e e outer end of

the be@chfent @i SRBnRfgdPositied. A |ine is connected at one end with the
traveling block that raises and |owers the el evators and at the other end

to t hd0®bidid.8oPaentNp. 3£86.6d P oigsrsd oinddsteler lpolﬁﬂ@]tOLW@lsl@mr@mﬂ Nbowa a P 684,

Cct ob J h - | handl
appar SEOL BRI et Lol Ting o ATt e v Th Rl ' 1O
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the cénterline of a well being drilled. One end of an armis pivotally
nmount ed tlenotéresnduyd plo boqmm oann ax1saoaradbh svibe herizantdlhwexisce rune rchd.ng hc)blantpmg/vel | .

The opposite en of th rmc ies a.pair of soesh Iater Y
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armc r
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4, 403,668 cvites uadl aihe St entberthd Boord 98 3s topataroWifd shesvesshows sel f - cent eri ng
tongs and a transfer armfor a drilling apparatus. The cl anps of the

t r ansf[@QIS&Hn$ Fetent Neid, 17@rﬁ8|4ylswdml&wtqb@r% é%%rﬁ‘sﬁ Qkingy fRo8E aﬁ@Ot-kﬁVQIrmm de
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U S. Pa ent No. 4, 407,629, issued on Cctober 4, 1983 to CA- WIlis, teaches

a liftof algamplp@n@ttalbfnﬁ@mtfdicnmhml@pbumlaams triﬁtrﬂverB i th ngltabpaoﬁh@well nthaides

two rot at abl nted cl anp swhlchaero | e between a side
| oadi ﬁgpﬁ%@i%ﬁgﬁ%g&ﬂaga&rﬁs fagiref ﬁha‘leé f¥ine 36%{ hePEHE RIRT-EEIVHL Septs facing

away from the arm. The free end of the arm can be swung toward and away from the well centerline
and the arm support can be rocked to swing the arm laterally.

[0019] U.S. Patent No. 4,403,666, issued on September 13, 1983 to C.A. Willis, shows
self-centering tongs and a transfer arm for a drilling apparatus. The clamps of the transfer arm are
resiliently mounted to the transfer arm so as to provide limited axial movement of the clamps and
thereby of a clamped down hole tubular. A pair of automatic, self-centering, hydraulic tongs are
provided for making up and breaking out threaded connections of tubulars.

[0020] U.S. Patent No. 4,407,629, issued on October 4, 1983 to C.A. Willis, teaches a lifting
apparatus for downhole tubulars. This lifting apparatus includes two rotatably mounted clamps
which are rotatable between a side loading-position so as to facilitate the loading and unloading in

the horizontal position, and a central position, in which a clamped tubular is aligned with the drilling
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the horizontal position, and a central position, in which a clanped tubul ar
is aligned with the drillingaxis when the boomis in the vertical position.
An aut omawoOcotde@al i ¢ sequencing circuit is provided tecaatsesmatsras |y
rotate the clanps into the side-loading position whenever the boomis

pi voted with a down-hol e tubular positioned in the clanp. In this position,
the cl anped tubular is aligned wwth a safety plate nounted on the boomto

revent.a cla d tubular fromslipping fromthe cl s. [0021] U.S.. Patent
R B (i Bl VL ROE RPBBER ¢ AN HG S ARG SSaUghang Pl
oper aép{r&sﬂdé’&‘ﬂo%tdxﬂé%lc‘dﬂﬁotéte%@&% s fltb Yigd HH@I&E&&?O&R?H%&E&@&%QB%@E% Iy

connected to the support structure to rotate abo Irst axis. T

pl at f givot@bsith kaoivaghodysibelar poxitieamadesn ehepllahh. omnthistpiosihion sthe chotpad kubular is
connected to the support structure to rotate about a second axis, and rod
whi ch ajignseovinh agafpetiie mavpiediongdhe beom 4 iexen aavanpaddtbypronrsipRiag fonon of
t he artﬁ@ﬁ?ﬁ% g)l atformaxes and the length of the rod are sel ected such that
the transtef arm automati cal | y and progressively raises the platformto the

rai seqo@xIg it § OPat&it N ANS230 1 thhevid@ch @stfbéme pbdiddtheiysthitdrav@ilit@opdietisri sed
position. The transfer armautomatically and progressively |owers the
pl at f ovlieh ocludes 4 sopperé siryrdet endntrysieraan ivetalieennestcdds thasepperastsfcgre r m

U S. Patent No. 4, 595, 0 ' d on

t t d. iti ) 0022] . 6 )
Tome® 1o iout PERENDIR a f B PSS et hER b0 plaltpBR Bt Ry |
pi pes cghgkchead tﬂe%uﬁﬁc?@&hﬁ%ﬂr@fb Wdthatue s becBRd 88, ahBkSd WY h R hehd i@y SetRedl 1 1]

pi pe to be nore easily connected and di sconnected to a drill string in a
hol e blet mapsthrialthedd dte pdatfamg | Ehe pasitieos epthecira and pfavformcixed artdhtbe leoghrofelmd of
the carrier that has hydraul jcal | y-operated doors secured by

hydr adP¢ %ra|S?199t6%%1£§tﬂé8&¥h€d@9.sfle¢\araa%01ﬁ%%ahv ﬁ’ég PI9RESSSIETTY r%lgeS&féﬁﬁéqmbfaﬂlvf‘y

R e R e L e S L
t eachegtomapicpley iandbgogiappanatitbe phifohn isthatapiredpdsaiontiyt nsms edthdirbd hd ng

operations. Drill pipes are manipul ated between substantially horizontal
and véhe fransfer gygimqveh & thrhevephpediens is used with a top nounted drilling

appar 400 SRl NE £ S0Bnathe Brbtaa WP KedRsh 500 Ao B Ruemlfi b ac e
b pes.omhadeks mippeh i ucaisl ablicoataSlSchle, T aum AN il e
A br ade more eadily @nhentdveahdt dsdonacatd rgdrat kiring ibe hpstteirghdrdlcdman anglsedond
Zi(i :” _é&&%ﬁ;ﬂ%@?ﬁa %’;[ tgegfolxpg\rlo pq.fgéfgtﬁedf éa?’rqgfr’ thziltﬁl%llsj }gdrglﬂicg/ﬁy-oggrhtegl%ggrstsgcul?erc{ ‘tE};[ ain
a hydraulically-operated lock. A gate near the upper end is pneumatically operated in response to
the hydraulic operation of the receptacle lock.
[0023] U.S. Patent No. 4,822,230, issued on April 18, 1989 to P. Slettedal, teaches a pipe handling
apparatus which is adapted for automated drilling operations. Drill pipes are manipulated between
substantially horizontal and vertical positions. The apparatus is used with a top mounted drilling
device which is rotatable about a substantially horizontal axis. The apparatus utilizes a strongback
provided with clamps to hold and manipulate pipes. The strongback is rotatably connected to the
same axis as the drilling device. The strongback moves up or down with the drilling device. A brace
unit is attached to the strongback to be rotatable about a second axis.

[0024] U.S. Patent No. 4,834,604, issued on May 30, 1989 to Brittain et al., provides a pipe moving

apparatus and method for moving casing or pipe from a horizontal position adjacent a well to a
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apparatus and nethod for noving casing or pipe froma horizontal position
adj acent a well to avertical position over the well bore. The machi ne

i ncl udes wohommen@msabl e between a | owered position and &craissed/opgsti on by
a hydraulic ram A strongback grips the pipe and holds the sanme until the
pipe is vertically positioned. Thereafter, a hydraulic ramon the
strongback is actuated thereby | owering the pipe or casing onto the string

suspended jn the well bore and the additiongl pipe or casing joint is
© hr eadEH e hePHg: SrBHsy SLPa pHaREo: g idest bBam bR Bl blseroda,
1987 ogitioﬁqul élre}iwdﬂj\()'sﬁ%% 9 aTHPRHC tah. R%%ﬂgh%@e{&l;%ﬁg?tﬁerp?&e{nﬁrhoﬂs%é Qfnd he

novenment o ri pi pe. ril’ltng mast an er ‘armis nounted at a
first vakl thegdpasenrttidalie ppeisdnddo Theverflostaneelmudicl romesretic pashghaok inaaratgt ound
| evel and an upper position aligned with the mast. A _reaction point anchor
i s fitkdchylpweregthepipcopcasHe aatq the pirye mspendedan Ys e dorsaphthandditionahpipsi s,

A fi X%gclls? toiht'ié@l? aid§ HlieYe% ably nounted to the transfer armat a second
axi s, spac Fom the (}I rst 'axis, and a first single stage cylinder is

pi vot ghi2s] DS MHaesht o, ANES,s8distiedtoAeNdlicaibal 2£Nd3 DL It. Plalr piovrIaea adetdagoot her
end to the transfer arm A second mgﬁgl e stage hydraulic cylinder is

pi vot dekijiomnarnt teanskr agndoeihd maycnigat of dulhpipsndA efillingempstakd arfthnafer e iot her
end to the reaction. pqgint. [002 U.S.. Patent, No. 4,759,414, issued.on, July
26, 1 uaunies EATATs PRy GlATREE omal A H HRSRT SRR B DRSS Sh iR

dri | li,AgpsdRetisbh HedietSvitkhdmatti Ahved@ionMemt bikhos Rabed waatdpeab ald sefiimki d
runners and a platform The platform supports a drawworks nounted on a

dr awwamndss arskipdceaindora thi firet dxaom fisedisugthdak onpisiofeblyendamost te khedtrsisfoedrm at f i t
between the skid runpners of the drjlling substructure skid, The drilling
subst et X Skirge mm%f{rf&?m& P‘EL;% ighTeele Sthg DLper ISRIYABPY mpuarsdal pRey

plat f Qe Ehe"ﬁl%)tﬁf‘eﬂdsofﬂiﬂé' rﬁ]g,ﬁ%g al g%@e&h B 15 96 irifer R glir’] gg%o%ﬁ%llgg%%tlg%e ounp

nmounts a pl pe boom as wel as a boom I nkage, a notor,

adapt égdita0lip oyiiidet R ivpityhdy Moomcd ankrgad tdvitelivileal oposilinkand hotbk stHepédl t he
upper skid in relative position over the |lower skid. [0027] U S. Patent No.
5, 458 1@ 8w regcdiond@ingn Oct ober 17, 1995 to R S. Sorokan, describes a pipe

handl i od which i to ve, t ubul us f a_hor,i zont al.

posi t 1GR3 Bl S kTR iRl WY PO B ECR WA PR B e
t h_e WathdchERR¥18ER indhikdSs a[@‘il'[lﬁg s&ﬁe’rsltﬂuéﬁl%e Qg emicankdrhey t%rsPh@ﬁsa%H@ hﬁﬁelasﬂiﬂi_ a
gri pper head for attachnent to the tubular. The path of the tubul ar being
nmov ed riusneed ol plotfome Tlonpletioino sapopaatirofwotke mawbtddam adraivivoilsgkichandm

R e

substructure skid. The drilling substructure skid supports four legs which, in turn, support a drilling
platform on which is mounted a lower mast section. The pipe boom skid mounts a pipe boom as
well as a boom linkage, a motor, and a hydraulic pump adapted to power the pipe boom linkage.
Mechanical position locks hold the upper skid in relative position over the lower skid.

[0027] U.S. Patent No. 5,458,454, issued on October 17, 1995 to R.S. Sorokan, describes a pipe
handling method which is used to move tubulars used from a horizontal position on a pipe rack
adjacent the well bore to a vertical position over the wall center. This method utilizes bicep and
forearm assemblies and a gripper head for attachment to the tubular. The path of the tubular being
moved is close to the conventional path of the tubular utilizing known cable transfer techniques so
as to allow access to the drill floor through the V-door of the drill rig. U.S. Patent No. 6,220,807
describes apparatus for carrying out the method of U.S. Patent No. 5,458,454.
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descri bes apparatus for carrying out the nethod of U S. Patent No.
5,458,454.[0028] U. S. Patent No. 6,609,573, issued on August 26, 2003 to

H WF. Dayo 2wmasbas api pe handl i ng system for an of f shopeTatseasotosa2es The
pi pe handling systemtransfers the pipes froma horizontal pipe rack
adjacent to the drill floor to a vertical orientation in a set-back area of
the drill floor where the drill string is made up for |owering downhol e.

2"t o T CEF 2ol o yoc ubapno el iRstihd ISV Bos e RO B °°

Mar ch <FRem A2 ofiGnor WPRAehflipe ARRIARE ARRnfAHRIL AL pl@RSRMoRY SR LT

novi ng” pI pe between a substan tal positionh on the catwa d a
subst amdiki aljdcgntvetlic drdl flgso b ivericaltorichetivh ¢h 4 $cvdaclemts yt thBdridlflesr ehere the

i ndi vi dual tubulars are noved to a_process area where a stand . )
make- @sitlotrangads sinde ha der lnw ek daviliole. nEhe qapiilersred fel door trhglipgbkithfieihi ne

align S LQns d makes up the connection to the correct
torqu2@%$ﬁ§£§§%§vgggé§%ﬁg%ﬁgh?ﬁéﬁgg?ansferred fromthe machine to a stand
st or ageo| €8S, PAtdnt Blol €705.81410%a6d b MardOEd, RDONtYigTpsdhIEr Al BdscHPesal t@BulhO

retrieve the stands. The stands are clanped to the trolley and the trolley
i s novesdsier exsican sarsewng ipapd Yetiveer 2 gwhstantipbkenidosinl pesitios ahdhaeativalki and a

tical (tion at the rig fl t tical pipe- Ki hi
¢ b SRRSO be e B R g Rk RS 258 B e
makes B es AR aSRRR S A/ BBk- 6l Snh AR ndkSs ﬁf%' thel (05 Qart #ndROITRe bLQPRO]
U S. Patent No. 6,779,614, isSsued on August 24, 2004 to MS. Gser, shows

anothemmﬁysmﬁgnamﬂdmﬁmhbﬂcmmmdtmamsdeﬁmbmgqﬁkmanndempﬂhshmﬁﬂh&nhsedﬁbﬂ for

noving a pipe joint into a first position and then lifting upwardly, toward
an upg@ul%ré ds psaitpnyired Gemdhe machiae op Hppderags aepe AgFallednt MPKALI on

to pr g)\ékiﬁ‘sn %y@xﬁﬁ@?ﬁk- a‘?%dtoqgtrr'la%jtﬁe%[anag! ﬁ%%%ha%as %ﬂ%eclﬁﬁa%éd% lﬂﬁeaﬂrol;l,ﬁta gpdy of
a main rotating structura menber of - a pi pe handli ng par at us en

del i verdllegisang@icdéronta @ibv@hiial hadizont@0d2itiohtio & Subdnatifier veplijad pbsitidn dtlie rig
present invention to provide a apparatus and nethod for stiffening a main

r ot at iflegr satpyuch yericahmingretcksre maghinsdransieen thagtaagpierthe travalmgteqnipaont- ZEke t he
anount_of..calibration,requjred i.n order to,move the pi.pe fr a hori zont al
o ont PR N TR PR E b emy BoPision BLER et Fn B BBt Bdh oot of t he
presenpo3op et padht No. B0V bUe igusd RN 2anthoaab NS, O, sHolwlsfagpihBbsydtehhe
mai n rotating structural nmenber of a pipe handllng appar atus that operates
wi t hi nndnsithngl fer degfeangpiptr Aqgupnshstlcas used fommeving e ppicpeiniuntafitst position

adj ust ts between the conponents. [0034] .1t is still another object of
e et Bieh T o B D BT B Bses PRI and met hod f or

[0031] It is an object of the present invention to provide a apparatus and method for enhancing the
structural integrity of a main rotating structural member of a pipe handling apparatus when
delivering a pipe to a well head.

[0032] It is another object of the present invention to provide a apparatus and method for stiffening
a main rotating structural member of a pipe handling apparatus that minimizes the amount of
calibration required in order to move the pipe from a horizontal orientation to a vertical orientation.
[0033] It is another object of the present invention to provide a apparatus and method for stiffening
a the main rotating structural member of a pipe handling apparatus that operates within a single
degree of freedom so as to move the pipe without adjustments between the components.

[0034] It is still another object of the present invention to provide a apparatus and method for

stiffening the main rotating structural member of a pipe handling apparatus that minimizes the
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stiffening the main rotating structural menber of a pipe handling apparatus
that mnimzes thenunber of conponents added to the apparatus so as to
acconpl i sWwoxoonesd1Bf f eni ng. [0035] It is another object pofi/ush@opsrsent
invention to provide a apparatus and nmethod for stiffening a pipe handling
apparatus that prevents damage of the conponents of the pipe handling
apparatus. [0036] It is another object of the present invention to provide

a apparatus and net hod stiffenin e ha aratus that
or oot oS iy Bidarpigtianes & Feperbibar aAEPRRG appar at us.
[ 0037][0%55] IBis %ﬂ&h&%é&*%ﬁ% Rfefseﬁt A& RIES ®HroviBY R Halitud andQﬁé%Hédjl%r ?tlf?é} atus

od for stiffening that achieves dgreater precession in the ery

and i ngpetiandlingippaiapes tanghrorencataiage of m@B&hpdntentssbfahrm[mbeharmlﬂmgappamzﬁtus he
present i nvention tq provide a apparatus and nmethod for stiffening a. pipe

hand| ilA¢36d Jbiseaether Qbﬂf‘éﬁ of the sy émieﬁ%ormnmlé% afPRafates Hedactped fop iffening

d
b opar 1 hARE s PR Rl o Bn G R o PiuPESE Rk KM B nfiRY" €
wei ghtap usi ze of the conponents of the main rotating structural nmenber of

a pipe handling apparatus. [0040] These and other objects and advant ages of
t he pd@&¥tltisavether ahieohpf the b@@@m‘@pmr @rmovld@mmaraémﬂmdgn@hoct foestéiferamthed

fi d ded cl F SUMVARY. NVENTI ON [ 0041
?ﬁgckﬁf@iéﬁ%@%?%%?arp SRESG 5 B B i S i oA L ! ol
MRi N e8] 110G aSbthMGIECRbE (RE BRSEnt rir%ﬁﬁm) ROAUL a Ay A @ ShSERRL NG 2

skid. The main rotating structural nenber noves between a first position
and aaagem)lmhdpng hppaoatus that ieoshsen ithegstrvetuna stifnersfoif dechpaeijaasent t o an upper

O ek B oS bl T O °
struct, athaﬁE%ﬁQ? fo Mnshitel € WE%?{‘P% POSLHO @om#&%ﬂ%]oflﬂgbl &Q% BlaGhE Et"n?c‘?u ral
eI’TbOdI e tensioni ng means conprises a TIrst aVI ng-an en

adj acemdmbo ofla pgp Mahdlidyeappatatust ot ati ng structural nenber, and a second
cabl e having an end adjacent to the top of the main rotat| ng structural

nmenbed 004 Ehgsp pad otélﬁeohsl eéwui @abmtégesef ﬁf@rmes&n@mv@moy voilitbReemaE YPITAFBINTRNT 1 ont
of sai d rrcﬁl n ﬁg{t a{t str an({% Ihlenfl rst cable has an opposite
end att'§¢ ° 3pe§uf*cfaa81e 2 4EConyd™8abl e has an opposite end
attached to the fi xed SMEP@UMN@RYF@THEQNWMI@NS angul arly outwardly
froma side of the main rotating structural nenber. The second cable

ext end804dnJileartsenomverttail i & pipmhandlogpawiatatusihdehast a shid, aad o nrao aothineg

structural
structural member rotating about a pivot axis relative to a skid. The main rotating structural member

moves between a first position and a second position. A tensioning means is affixed adjacent to an
upper end of the main rotating structural member. The tensioning means applies a tension to the
main rotating structural member when the main rotating structural member is in the second position.
[0042] In the preferred embodiment, the tensioning means comprises a first cable having an end
adjacent to a top of the main rotating structural member, and a second cable having an end adjacent
to the top of the main rotating structural member. The first and second cables extend angularly
outwardly from a front of said main rotating structural member. The first cable has an opposite end
attached to a fixed surface. The second cable has an opposite end attached to the fixed surface. The
first cable extends angularly outwardly from a side of the main rotating structural member. The
second cable extends angularly outwardly from an opposite side of the main rotating structural

member. The first and second cables tension the main rotating structural member in the second
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menber. The first and second cables tension the main rotating structural
menber in the secondposition. The first and second cabl es are sl ack when

t he mai n wotzatoaege1st ruct ural nenber is in the first posiPCiras2000062238 I n a
first alternative enbodi ment, the tensioning neans conprises a first cable
having an end attached adjacent a top of the nmain rotating structural
menber, and a second cabl e having an end attached adjacent the top of the
main rotati structural nepber. The fjrst cable has an opposite end

et actesoph T stRnatab e Sadonbithe Pahi e Hp0R Pk Mt hed
to thq»lr%ti dogurface. The first and second cables extend angularly

out war d f& roma front of said main rotating structural nenber. The first
and sdqootid icabisedtcaiativatindodiewdnt, thelthesidrixedesyrcOmpeasdsra fakticgblodatingat bnd he
main rotating. structural nenber. The first cable is generally parallel to
the sidachse aflipecie tap Phthgtmap reengstpnchiralraempler, anthSecapd Able e pgend

e R e e e R S T PR

conpr iafigshed té 4 figéd safabe Thavédogd adblehdh aadppeeiien@attRBe®fo thex Bt Blid Ng
structural nenber, and a second cable having an end attached adjacent the
t op offirsttradrrgondr eablesiontend tangelpdy ahtwasdiydrom THeont jof saidgadin eéotating stuahywpbsi t e

d attached fixed f T d | e .h i. d.
ot achiats. ahe i b SeaRd Sl AR B R E ot B R S SR 1
the fix@dnsWi@aal AbRBer. t PR RiY0blaX SerRfallyRrdRl B (RIGdd HOMSidCkithdle
menber. The first cable extends angularly outwardly froma side of the main

r ot at istrgctstal netbenl Tieswberd cabheas gercoally madleb teetht eppbsitg saa @l therrhain cathtvgg dl y
from an oppagsit side of the main rotating structural nmenber. The first and
secondEgHlde & Sion the main rotating structural nmenber in the second

POS! 1441 THE Kb PRt SR SR B0 A BTl A VOl 06, P Bl ORRRAN

structural er 1s i1nthe ftirst p05|t|on. nathnhr
enbodicagadjacdnbgtop@nficdmniimetarR@REuaonPmct®sr, and 4 e8bndablethakiigian gnddattaehetl

adjacent a top of the main rotating structural nenber, and a second cabl e
havi ngdiacr tf tapipeibe maintating preturaiaepen The figt pabde kasen eppesar cpdisshed The
L TR eSS BB BekRER b e (e
at t achegnldraplel Balith&rdNe ale i:NQ sREhEOMHRS the Pe oMBkiR of Blcahhil Fotatifd Gikbidhl
menber. The second cable is attached to the side of the main rotating
st r uctnwmabermdib dirstopplesixtands hegularhysoutwatlle frofhesifle 6 theandnseeung steettire
tension_the gmin rofaiing structural menber in the second position.Jhe

structural member. The first and second cables tension the main rotating structural member in the

second position. The first and second cables are slack when the main rotating structural member is

in the first position.

[0045] In a third alternative embodiment, the tensioning means comprises a first cable having an end

adjacent a top of the main rotating structural member, and a second cable having an end adjacent the

top of the main rotating structural member. The first cable has an opposite end attached in alocation

near a bottom of the main rotating structural member. The second cable has an opposite end attached

in a location near the bottom of the main rotating structural member. The second cable is attached

to the side of the main rotating structural member opposite the first cable. The first and second

cables tension the main rotating structural member in the second position. The first and second

cables are slack when the main rotating structural member is in the first position.
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cables are slack when the main rotating structural menber is in the first
position.[0046] The present invention is a nethod of tensioning a main

r ot at i ng woromvase@B nenber of a pi pe handl i ng appar at us pamaiseomioe22asi n
rotating structural nmenber rotates about a pivot axis froma first position
to a second position. The nethod includes the steps of attaching an end of
a first cable adjacent a top of the main rotating structural nenber,

ttachi d of d cable adjacent the top of the mai t]
St 1 octba Hhe Rar iRaToed BNk e Rl PEUCH G2 S ULELPRT RGP §

the S%aﬁaﬂlg%gﬁaﬁiue @vhgﬂrettﬂe EBE blatif sARAuARRY Qe&a%a{egabodtgg%l a;zﬁpﬁgﬁ{aeﬁ@{ red

nmet hod furt i ncludes the steps of attaching an opposite end of the first
cabl e positibheo hise@ad positiac.e Thahicaakl ingudes thppeps v Laterctingfantcdnd of adandcabédl! e
to the fixed surface, extending the first cable angularly outvvard%g froma

Si del afliacend arfap AL hemain Friatine el |mm%eaﬁ%aclaﬁa 1R RREAH Hrgorherbieediprent aIbI e
meobedh PagBSHh oA AL POARTHAS LGB Fe PRI RSOl e 2

i ncl udethetsheoriit@Ritdh vatH @6 Mirii@ndBccopPestliee end of the first cable to a
fixed surface, attaching an opposite end of the second cable to the fixed

sur f ad@047anbe psef@redinnghadfartheriseludasdhasersndatagbingganioppesitc gnthelrihe (st ¢gablhe

mai n rofati ng structural nenber. 0 [ n secon |'ternati ve enbodi ment,
The. mét HEd PR 4 HER bebonRe s st Tl sahe tora P B Ber SXRETgIns pe
First makhglctAo@afll Sav 2415 RfCa AL LAY MSin 2 0RPARIHRBREMBEr, AitPe3&RHY
cable to a fixed surface, "extending the first cable angularly outwardly

f r om ahsssedendofablehsaguiarinontetaatly frigmstnroppositeaiderd tHezangin extbterpditnogturd enesdeond
cabl e angularly outwardly from an opposite side of the main rotating
struct 004 Trerdet ,aftglﬁaﬂ\aq PTHBOHIIGNS Ko micthod ﬁﬁgers@el&ﬁas sbiies b PG R

i vot _axi i i . THE
Promy (R0t St P e ER 2l 00 SHAChMBln B B i1o B Ot et Bl
enbodifixedturtifce{dng cappdingihdsirabnd e ofid @SRV in dligvieidhi with thahiath fob@ingktpeetural

handl i ng apparatus in a first position. [0051] FIGURE 2 shows a side
el evat@wr vi ew of the preferred enbodi nent of the apparatus of the

P bl RYER Lt l E 5 e T RITEEIa RRSS RO
of thepppnRrcal ustheffiritRabRies eRbd surkeBlt@ing APeHosiit EAIRET e SROUE cablSide
el evational view of the first alternative enbodinent of the apparatus
fixed surface, extending the first cable angularly outwardly from a side of the main rotating structural
member, extending the second cable angularly outwardly from an opposite side of the main rotating
structural member, and attaching the first and second cables along the pivot axis of the main rotating
structural member.
BRIEF DESCRIPTION OF THE DRAWINGS
[0050] FIGURE 1 shows a side elevational view of the preferred embodiment of the apparatus of the
present invention, with the pipe handling apparatus in a first position.
[0051] FIGURE 2 shows a side elevational view of the preferred embodiment of the apparatus of
the present invention, with the pipe handling apparatus in a second position.
[0052] FIGURE 3 shows a front elevational view of the preferred embodiment of the apparatus of
the present invention.

[0053] FIGURE 4 shows a side elevational view of the first alternative embodiment of the apparatus

of the present invention, with the pipe handling apparatus in a first position.
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of the present invention, with the pipe handling apparatus in a first
position.[0054] FIGURE 5 shows a side elevational view of the first

al t er nat iwe 2embsediiaent of the apparatus of the present ipovarstéoone22wgth the
pi pe handling apparatus in the second position. [0055] FIGURE 6 shows a
front elevational view of the first alternative enbodi nent of the present

i nvention. [0056] FIGURE 7 shows a side perspective view of a second

alter i i ment af the apparatus.of. the present invention, with the
o1 pe. bl FHGUREPar e S S RRRRESY Eup FropferF B8 el BREO LRSS 51 Ge
el evatjranalredtheWvelidih§id SRORe RhiEhpabhHSENPAdiORAL pBkibRe present
invention,]3$ihlghelpfpé hand??ng abgaﬁgtug In tﬁe segoﬁ& position. [0058]
FI GURF0® S ROWERE 6 shont adtoavetvaioahl wevew it firétalts@atndenabddemo@tof e present
enbodi ment, of the present invention. [0059] FIGURE 10 shows a side

el evatBHEPvi ew of a third alternative enbodi ment of the present

| nvent bqglhg Pﬁ’t}r[ﬁaé 2%518{7&/8% gﬂ?%'e}sggct%pﬁ&gtof% 's&oh??a(l]t&lgrﬁﬁ% 8911%%)&1&1%% ok 660]

FIGURé hows i'de elevation Vi ew of et ernatrve enbodi ment

of t heppirese Bt thelpr&Bhl i@entivh! With AR RpPRarABAL hpPataPPahetits pbditibhe second
position. [0061] FIGURE 12 shows a front elevational view of the third
al t er 8937 ElEBESishews 2 e ¢lpetiondyeny of thysenonditerpEyAtm BRl DESCHIRTIreRNOF

THE |1 NVENTII ON [.0062 eferring to FIGURE 1, there is shown a side

el GvatTORAP VYPGB Eftple B s PO Phe pi pe. nandi | ng appar at us
36 of Jf)(‘i‘:’%] HIESRH 9 IsBYROh I Rt cltRELHaP §ichABtHHe NG ARPAHA MF o InHodi RN §kL ON a
skid 16 that is supported upon the bed 12 of a vehicle, such as a truck.

The pippssehtanddntiog. apparatus 36 in particular includes a main rotating

structural mhber 14 that js pivotally vapl e between a first position and
a secdﬁ%ﬁ%ggﬁ??#@nw sRopage e&éf‘svam@vw 9l tgird gliernpyvecomhndipet of theiesehni n

rotati. : l..: . | ivotally connected to an end
of the g@é&“@?ﬁ@%@ﬂg %g8%%%%§Pﬁgmﬁhgﬁ%ng§?%%%king structural nenber 16. A
gri ppij0@e0 EEGSRE 11 shew§ 4 saelitlyvaonmeddveds the thrl Appasié enbsdimeht dfiie @eésen0

opposite the |l ever assenbly 10. The gripping neans 11 includes a body 17
and grnyspEes with thepasalanihng spapitessiae se60rthpeséipn. t he mai n rotating

oL e SISORE o o RS SRR B oo B e ond
st r uctig¥eation.
DETAILED DESCRIPTION OF THE INVENTION
[0062] Referring to FIGURE 1, there is shown a side elevational view of the preferred embodiment
of the pipe handling apparatus 36 of the present invention. The pipe handling apparatus 36 is
mounted on a skid 16 that is supported upon the bed 12 of a vehicle, such as a truck. The pipe
handling apparatus 36 in particular includes a main rotating structural member 14 that is pivotally
movable between a first position and a second position. A lever assembly 10 is pivotally connected
to the main rotating structural member 14. An arm 20 is pivotally connected to an end of the lever
assembly 10 opposite the main rotating structural member 16. A gripping means 11 is fixedly
connected to an opposite end of the arm 20 opposite the lever assembly 10. The gripping means 11
includes a body 17 and grippers 13.
[0063] In the present invention, the main rotating structural member 14 is a structural framework of
struts, cross members and beams. In particular, in the present invention, the main rotating structural

member 14 is configured so as to have an open interior such that the pipe will be able to be lifted
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menber 14 is configured so as to have an open interior such that the pipe
will be able to be liftedin a manner so as to pass through the interior of
t he mai n wotzatovaege1st ruct ural menber 14. As such, the topC2arsedootobr4srai n
rotating structural nenber 14 should be strongly reinforced so as to

provi de the necessary structural integrity to the main rotating structural
menber 14. A lug extends outwardly fromone side of the main rotating

structural nenber 14. This | .1s.suitable for |votabl (o t he
ooy 8 SBrRO 7 10 hiss Titarel (hednEr R TR WP i P Sk e een 4 oR o

conne Qﬁ@gﬁ 3k of iR Rah tr&%?stf&uﬁ‘all RGARBdrq7 sRAIG BE st%‘ﬂg‘&r bhforkl scpéts\]’_t?ltp?t?l@e

connectioh at bottom the main rotating structdural rre

| ocat ek nacenhifysetictial atdgoinstbitie rand ranpstinb@rgimeatbebl £ Ahgreehdosutehrdishe
link with the skid 16. A small franme nmenber extends outwardly fromthe side
of t heramione rsideael g BrinOAkNg) Stivelurd rmambegplbsilhes lugas |SLHRDIE Fai BIvRRRe

o angeishon b B KO ARAIRTE R Ml e BeRPRE ey 17y MR anecied

i nventat 2 HoBomad i aQU&atith)nrfﬁé/ﬁ{T@HB The bh@tdb‘l@@orﬁt’écﬂ&ﬁi MaRRoMNE dahé Zant al
orientation and the vertical orientation. [0064] The arm 20 has an end

pi vot dablaying gruvdwelericmben Heis leoatad lagéfeﬁﬁtlythrahlm &bpp@ﬁletmvcéarhie ednnepiéorar m

20 is h neans artic pa

connedt ST B SHELPr ARBR] Gt gl Sbinetly o R hstaidha by s
to fi 4§Q{1ﬂg RARItrhORcbE ©F 6@%&1’&%%@&95 Tlais%zhﬂe Eﬁérﬂﬁﬁrthak‘aptnhﬁatﬁélgorﬁfecﬁ&ﬁ arm
20. The pin connections can be in the nature of bolfs, ot her fasteners,
S0 as with th¢ a bragé. ﬁhmmmmtanah@nmmdgf thTleoér assemigy 2 ﬁmtlngesmha alsilifylofiticdpreseat ar m
20. The bolts associated with conne%él ons cag ge rem)ved such th

ot her TBfSHBR MY CHEBRAY! the rBAYPIKE Ul #gaine 6 befeeeBriie Sprifae drisnison Agd o

t he pi apparatus 36 of the present invention can be adapt abl e to
vari odgﬁlsclggéggénlt#g)& pe 82 and various heights of drilling rigs 22. [0065]

The gnoegl] Tyc iadEhdskinrad poesllykentroaty tdihc\Wvichadsb@blgrioppae sppbsité sranslilat abl e
along the length of the body 17. This vertical translation of the grippers
13 al laongOtineopiqstedge ﬂt%grmn@g wémq yl VRt CHIWaP BRY AN BRIDGAEATGIPSRETCe t he

vertical. ori.ent at pe ach per.s 13 ary t he
nat ur SR baREY 3R aPlnsien Fp Bk BRal Lo RS BHERY nrid Tl b RGBS il e
the out®ectdd ﬁié'%h@ bf @E afn 0. PTHRSiBonnB&idhe Sar &Cin tHOAARE offtifts! dridkher fasBiers,

el ongate nenber that extends fromthe pivotable connection to the pi vot abl e

connecb apto sgbngllieonrevehe bebelff }hejgmpp'ﬁgenetam k1 weth trormex0e A e boles assndiatod ends
oo Rl Nin S 5o BPSP A o5k el ORI T LRSI L =
of the arm 20. As such, the pipe handling apparatus 36 of the present invention can be adaptable to
various sizes of pipe 82 and various heights of drilling rigs 22.
[0065] The gripping means 11 includes the body 17 with the grippers 13 translatable along the length
of the body 17. This vertical translation of the grippers 13 allows the pipe 82 to be properly moved
upwardly and downwardly once the vertical orientation of the pipe 82is achieved. The grippers 13
are in the nature of conventional grippers which can open and close so as to engage the outer
diameter of the pipe 82, as desired.
[0066] The link is an elongate member that extends from the pivotable connection to the pivotable
connection of the lever assembly 10. The link is non-extensible and extends generally adjacent to
the opposite side from the main rotating structural member 14 from that of the arm 20. The link will

generally move relative to the movement of the main rotating structural member 14. The brace is
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generally nove relative to the novenent of the main rotating structural
menber 14. The brace ispivotally connected to the small framework

associ at esowntonep@Bdn rotating structural nenber 14 and 2CTaSpeovosr2hs y
connected at a location along the arm 20 between the ends thereof. The
brace provides structural support to the arm 20 and also facilitates the
desired novenent of the arm 20 during the novenent of the pipe 82 between

the horizagntal orientation and the vertjcal. ori.entation. [0067] Actuators
have SivGHE CBRTE BT HETSRISAE HEOHHH A SBHE 61 ST LEH LA L1 he
TR0 0GR SERHE A Ak RARE o Ant FruPa EALAR: ARRYRr e TR c MR dLNe

f Ah

actuator? are "activated, they vmrlq% pivot the main rotating structura

menbe rstrivdutap vegrpadttyto tirecimmt 20eand atsoZaciliates oid d@nired monerméiitioffteadryn 20aduaingalsd t i on
beyond vertical so as to cause the pipe 18 to achjeve a vertical

or i entBRVeBINt o the pipeSRdebisadin hastzoptaboperdatian anddle pertied origniationy| e

et uat € AFHHET bR R e A AONER Rl o IReRR: EnonRE iy

24 extrgRdhdridpvar @bybeol 4 atlfcdtidv@bavt ®Ben@bWien tiheadtidibds afd ROk atd@QhepNien
the pipe 82 is in its vertical orientation, the transl atable novenent of

t he grvifpeivet e waim tesating $tiucadak meaber d4cenysadlyhisomnidie dforizhretab ppentgtiont o
engage W th the box of the drill pipe 24. [0069]. In the present .invention,
Che- oG R Ea PROUERBRCR Sisehsol i Fioh R 0 LHOPEME HEHELFY BEn
appar ai/lgin 3 dodcdft B @ BebsW i RSP alsingl Aty &R dcBnaHEAbe g lidtd iR dshe | N
essence, the present invention provides a four-bar |ink between the various

conpomeamto$ hydsulac aesudrs, t he novenent of the drill pipe 82 between a
horizontal orientation and a vertjcal orjentation can be achi eved purely
throudﬂé({%r]uér?‘ﬁﬂﬁ i gd 23 Apsiraed s b BHAD (S 4&5&6ﬂ§@&¢l@?¥éﬁﬁﬁéso BIPYAYE &) ngl e

hydr aul.] t n S S0 0: ieve i.s: desi.r nt .
Ther o R L T B i s i B ol o Bl EE BRI
hydr auhdvenrat sfah©gispprEel 30dahbe usitiged oras tdheaupd theehd gf @€ pipa &2 i@enpapetvathitiitg
structural menber 14. Because the skid 16 is |ocated on the bed of a

vehi clbex pbthetdibl RipdP¢l e 15 can be naneuvered into place so as to properly

e prShoel R SRR A et hebfofhten e BRRCel Bn b i B bafiRes o
oper awae%?ﬁﬁﬁmts 96 @sfafcﬁfé%d/@n'%lb{ pmp%fisliii?g aﬁd ArlgulaP td2Ai Bghib® ﬂjnte§seel|@?§ itﬁeqﬁ%sentd -
position. e grilpper asse | es of the present 1 nvention allow the arl
pi pe 8aventiobprayided atipwwelyad liyk heievcdo trowaridiy cdnaponehis. grsapesults thebbovemant of he
grzl a tlE)el gr?ll %iAf)'e 81-%2‘[\)&%68 %1 g%izg)rp[gleoq}elnglgo}l ?m g%grttiga loerie%‘glti\(gr(i1 Egmoges aJhIileléS pgrfel)P ' be
through the mechanics associated with the various components. Only a single hydraulic actuator may
be necessary so as to achieve this desired movement. There does not need to be coordinated
movement of hydraulic actuators. The hydraulic actuators are only used for the pivoting of the main
rotating structural member 14. Because the skid 16 is located on the bed of a vehicle 15, the
vehiclel5 can be maneuvered into place so as to properly align with the centerline of the drill pipe
24 of the drilling rig 22. Once the proper alignment is achieved by the vehicle 15, the apparatus 36
can be operated so as to effectively move the drill pipe 82 to its desired position. The gripper
assemblies 11 of the present invention allow the drill pipe 82 to be moved upwardly and downwardly
for the proper stabbing of the drill pipe 24. The present invention is adaptable to various links of
pipe 82.
[0070] Various types of gripping means 11 can be installed on the end of the arm 20 so as to properly
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[0070] Various types of gripping neans 11 can be installed on the end of
the arm 20 so as to properlyacconmodate | onger |engths of pipe 82. As such,
i nst ead obotzhw/mwedpl ex control nechani sns that are requipceEwSasmleag or art
systens, the present invention achieves it results by sinple maneuvering of
the vehicle 15, along with operation of the hydraulic cylinders. Al other
| i nkages and novenent of the pipe 82 are achieved purely because of the

mechani cal connecti ans between_ f he vari.ous conponents. As such, the present
e emme i Boky b T R i Rt R TR MR s e harilen Bt >
the desi _ g X Lo ) i _ ) degr ee
o SR CRTRERAIG. Bl AELRLE ARl R AR PR SRR o
t he pigfehchahitld IfgalappaithiopsraBén o&he hydradlicrestingrosi Alil other [itkagey andperveiéngr i ps
a tubular 82 in a horizontal qrientation. The tubular 82 can be_ any tubular

st r uctolite piped2i Hie aehipygdnpyprely herauss opithremeshapics] pemesirnsteheeeinihpgafedhs of
th 36, | t i i L. e 4 Th
L he SRRARANE, 2R L8P ARRe: KOohIn TR, LBRALLG SLLYGRUIAInCRINRS iy e

at t achegheadp acankiréd é@Redheqfipd. MEnigRiadcdBplahtd ¢ithtohtcs dhdk doREber frddlonAn
opposite end 42 of the first cable 38 is attached to a fixed surface. In
FI GURHEn the pipehdnidieg systami.ace is the skid 16. However, the present invention

t t hat i f ld b h : 80 . th
cer ucatoA R stbl}S paPRES e aftief 8 roPahitan s Rddthy the T Slodft
menber; 714ins Wigsu14: iRiaRRrDandl 69 tARRAMAL Whule b Sah Be b bl birRASk ik,
the tensi oni ng neans of the apparatus 36 is slack. The first cable 38 can
be seemdaling| suck as pip&bxdRiEg1 Thdteesipnipg nivansidfi thgapppavsaitus at®hedtathpimeal |y
el | RRAHN A TCrHal BPBBOT i 6 ApsaE et e o SOk GBI | B4 60 Tl
hei ght - -hei f || f j GURE
2 {neraEaE i AN RIRERADp R dr o R rollfR st Dfbe S bihOpid

t he appafacdfstIabledRtidatiabkedib peixbavehice g IHPIGURIE Usthd BxédsuafaseBansskid $6.t i on.
In the second position, the main rotating structural nenber 14 of pipe
hand| iHyvesh drarragent mvestigneoaienzppesdthiohte dixgd vafadecaplddic thegwund 80 oTH®Y ar m

20 of t.he pipe handl i t 2 extend t | y_of ' tati
st r ue RS PR3 PR DR s RRRTCBS g e b RS R e B £ wEBh fipet ' "
ver ti GahdiHd HPhrdtus AN iARMNES kiR s RN thE%@io%ﬂrf &8s b ths hp a1 €338 skek Pige seen

as having end 40 attached adjacent the top 26 of the main rotating
st r uctfustahbledfisen bd sbeansislagpo G ERENd UR papa lmotleck apperatisxd@ds sprchBy placedhe

out wariy gl B 2t SoTor Tt halised i AEAENHGhSOAIRGT AT ABRBGR M iy ng

the fifh5ira®@Rb & SPicafIeeeealh fARhGeds N GO AN SthERL Rlad 24.
[0072] Referring to FIGURE 2, there is shown a side elevational view of the preferred embodiment
of the apparatus 36, with the pipe handling apparatus 12 in a second position. In the second position,
the main rotating structural member 14 of pipe handling apparatus 12 is in an approximately vertical
orientation. The arm 20 of the pipe handling apparatus 12 extends outwardly of the main rotating
structural member 14 so that the gripper 17 holds the tubular 82 in a vertical orientation above the
well head 24. The first cable 38 can be seen as having end 40 attached adjacent the top 26 of the
main rotating structural member 14 and opposite end 42 attached the fixed surface, the skid 16. The
first cable 38 and a second cable (not shown) extend angularly outwardly from a front 30 of the main
rotating structural member 14. Having the first cable 38 and second cable (not shown) extending

outwardly from the front 30 of the main rotating structural member 14 prevents forward and
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outwardly fromthe front 30 of the main rotating structural nenber 14
prevents forward andbackward novenent of the of the main rotating

st ruct ur avormembee6134 whil e delivering the tubul ar 82 toprCmasamblocizend 24.
It can be seen in FIGURE 2 that the first cable 38 and second cabl e (not
shown) tension the main rotating structural nmenber 14 when the main
rotating structural nmenber 14 is in the second position. The tension cable

38 giyes the main rotating structural menber 14 structyral .rigidit ai nst
F o e D6t SO RMSH CPU s, Bt o e RO Ao b ot deiresfedha b

| Nt egrbly dowkil ol fiehbé SeenShUGHRERS tffPfHRAsd bl fif SEGRNAPRARLE | ON-
This allows the main rotating structural nenber 14 to be forned of a

| i ght showw) tghdiorathd nadin seratingstruandallmghibeer 4 odropanemits. rofadag SfrudRedfabmicimbgr t 0
FIGURE 3, there is shown a front elevational view of the preferred

embodilfehin Bre sependapsiion: ydhedensgn eabde Ht siyehtheimaiameang strugkenl meoke K ght

e R e e P

oppos iiﬁt@gﬁ?do 42 @hihachedg s@udthal feX®dr $4/id @e8e@ndpasitivkl dhistallohRehs erand
cable 44 of the apparatus 36 has an end 46 connected to a top 26 of the

mai n rotalng nyueitralgnembdr Hetthde fomehdl anlighiposicightemnd a8 smaltgrertdetighter t he

fixed surfac? of the skid 16. The main rotating structural nenber 14 in
FI GURE®SPPEy t he second position, which nmeans that the main rotating

structigea R toFIGURH 3) tRrSMRBSAY Frghd Yo Bl CRl AThERERIHL@BmbIN/cAT M 20
of the pipe handling apparatus 12 can be seen as pivotally connected to the

mai n robthetapparats B6of the atesers mbentidd takPhelomgisight lodead-3 nGFISIWRIE PulThé firsecdbdr 14

is pivotally connected to the skid 16 by the pivot axis 18. The first cable
38 ext3§r93§heaa?@aliaa+sl%¢ had Rk GPornerishioa Kpdd shemaatag TS mfgpoer 14

Structjpal gﬁ?%ﬁereﬁﬁﬁgf J@Ehe%let%%é’ f&?ng %ﬁfa%é of ¥ERELP 1@”2‘%1%{%3?}{%2%1}?’%2 q)'Tf)(hJ rom

an opposit e nmaln ro I ng structura I rst

and s eppardtus 3bhesan3éhdasctofdedt@N®iaaop LHof thainthin @ité@ingRgusiuralaicibat 149enbar 14
when the main rotating structural nmenber 14 is in the vertical orientation
of theppedisad A8 sprrceied torthe fixied surfaga @f deckidd 6c Abp ety suctprabipgpiber

id tion.of t i ti t | b d
fo v nd pOGURENTY B RGTRM R Ru e 1aRR ot B RS e RER R B
st r uctiginal subBaRed lyirtiBesddtsfidnh ernbiaff L0 M thesppOM dGADLSRraG ANchnds sa&iol e
outwardly fromthé main rotating structural nenber 14, they prevent such
si deway pivatallyorpnoecteche theimain gbtating girgdtuiat mgndper hdntdde main r$t@@r irvatonher
advant age of having the first and s d cahl es 38 and 44 angl e_ogut wardl
Fr om ERATIS dA BOOGCHRIGEE o M5t 00 1 RETLRY Gt Honbas ik LS SR EX A e
38 anqgglgﬁﬂgg&wm@ REn TRt 7208 d ﬁ%ﬁ&&ﬁﬁﬁ#’&%}%@?ﬂ?ﬁﬁb&‘}@@ﬁe Debia aRyent

spring the main rotating structura 4 that can
extends angularly outwardly from an opposite side 34 of the main rotating structural member 14.

The first and second cables 38 and 44 tension the main rotating structural member 14 when the main
rotating structural member 14 is in the vertical orientation of the second position. The first and
second cables 38 and 44 prevent sideways or transverse motion of the main rotating structural
member 14 due to wind gusts and other sideways forces imparted upon the main rotating structural
member 14. Because the first and second cables 38 and 44 angle outwardly from the main rotating

structural member 14, they prevent such sideways motion of the main rotating structural member 14.

[0074] Another advantage of having the first and second cables 38 and 44 angle outwardly from the

front 30 of the main rotating structural member 14 is the cables 38 and 44 tension the main rotating
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occur when the grippers 17 of the pipe handling apparatus 12 rel ease the
tubular 82 at the well head 24. [0075] Referring to FIGURE 4, there is
shown a swoeosler@si onal view of the first alternative ecivascomnt2208 the
apparatus 50 of the present invention, with the pipe handling apparatus 12
inafirst position. The first cable 52 of the apparatus 50 can be seen as
sl ack when the pipe handling apparatus 12 is in the first position. The end

54 of the first caple is attached to.the top 26 of the main rqtating

RO AR S R R TS R oo LIRS UL
to a f4 I, c : i; i i i i is
19 5 eR BRI poRUET R fiBChSlifle Aghard s P 1o BAUBRE Wihilal 88 BONPYETheRK S

there2ds shown a side elevational view of the first alternative enbodi nent
of the apparatus 50 of the present invention, with the pipe handling

f : :
appar 40081 Releriing Ho FHEPREd4pbsre sohownr side clevationtl yissy of die, lirshaltpimptive
rotati I f nl.Rpe. i . r [ S14Nn .a
ver 1 ShPoRid b apPRERE So S prbidf BB HEN L O PR oS 1A B E o
out warftypokitiom (T fiFe sableFRa i tharafdted 30 @n b¥aRbess ddckSOhdn@t pigeenagdiimper
17 holds the tubular 82 in a vertical orientation above the well head 24.
When tahparpiupé? iraindhd¢ higgt pospaamatlthe cngd 5S¢ of the firkiecableddnslatppebed fodhs top?é dfithest
cable 52 tensions the mai,n rotating struc er. 14 . Becau t he cable
55°1 & min R aaeRte e £ Ehe bRl ik SRS Ty SRR s per
14, there@blgend MeIsRR 1Y, §Y aREnth QI WAl R v A& kWa 8f TRVBATR Rbtalhg LiRGtivRI N
rotating structural menbér 147 The tensioned cable 30 adds rigidity to the

mai n modnatberdd. structural nmenber 14 so as to help prevent sideways or
transvgrse movenent of the main rotating structural nen2$ whi | e

del i vdP970h Blermipg e FAEURE SolhefelsvidPnieside Zievajionst 7jevR rélilerl ﬁw@ afteredivg RE

6. th : . . \ ' . .
enbodhsiinl Bffe Tl B SEOENELE ARl Eh o, Riun b Fluify ARRBRLS 1hn e
6- 6 Ofseddn@BEitibn.. InThesctdridsiositidh] e bdirobtdiing s@ypah rheisib&0 4o theaip cciad d

attached to a top 26 of the main rotating structural nenber 14 and an
opposiapparaiyg 18@s &t ¢ yetvsal ereentaiions klihg are, @R pipe kenflling dppaugtiad2 oxtpAds

second_ cabl 8 af the arat u 0 _ha e attac t.o.the to 6 of
© e RS (it Beab M £ PRREE HhitRisrmer ) 6 3B AP L7 oS i a7,
the sk d vificaFBderstif aboh€ tid Wil heabre Blich sh@%ﬁpaqﬁﬁainﬁg@pﬁm B2isah thde
mai n rotating structural nenber 14. End 60 of the second cable 58 is

at t aclsechbndgunitioppisifirg ceblded234nsadnst the maw rotatoigatiupigrad tnancticurldl Beemdserthel 4.

The f Icglglte 55%3 !dl?gn%g[ v&?lt tt?lg %ISVO?Q 1lé”1§r0|f ¥he main rotating structural member 14, the cable 52

helps prevent forward and backward movement of the main rotating structural member 14. The
tensioned cable 30 adds rigidity to the main rotating structural member 14 so as to help prevent
sideways or transverse movement of the main rotating structural member 14 while delivering the
tubular 82 to the well head 24.

[0077] Referring to FIGURE 6, there is shown a front elevational view of the first alternative
embodiment of the apparatus 50 of the present invention, taken along line 6-6 of FIGURE 5 . The
first cable 52 of the apparatus 50 has an end 54 attached to a top 26 of the main rotating structural
member 14 and an opposite end 56 attached to the skid 16, which is a fixed surface. The second
cable 58 of the apparatus 50 has an end 60 attached to the top 26 of the main rotating structural
member 14 and an opposite end 62 attached to the skid 16. End 54 of the first cable 52 is attached

the side 32 of the main rotating structural member 14. End 60 of the second cable 58 is attached to
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outwardly fromthe side 32 of the main rotating structural nenber 14. The
second cable 58 extends angularly outwardly fromthe opposite side 34 of
t he mai n wotzatovaege1st ruct ural menber 14. The first and secons$2@abbress 52 and
58 are shown in FIGURE 6 as tensioning the main rotating structural nenber
14. The outwardl y-angl ed nature of the first and second cables 52 and 58
tensions the main rotating structural nenber 14 so as to prevent sideways

f.th i i . | d i nd d
ot hor BBt S e MG R HaTRR 1§ 0Tt T s T Sy  1a.
Oppos 'ohﬁwaﬁﬁgfsfro?@th% l@ﬁ’ie%@ og{hetiﬁ'ﬁn ?dtﬁtﬁ% @SR GRAME AP B RorfiNdbREs exten%se

respectively, are |ocated at a distance fromthe sides 32 and 34 of t

mai n raapabilngutsiardiy fromahe ogree sidd 34 of thherain feaningkeudusi arebeots.t e fands 54
and 60 of the cables 52 and 58, respectively. The locatign of .the ends 56
and 62n8sc¢Hd pbles 52 Rd 58 dED PRI lgléﬂé&E 8y tgpioningihe dpiy sptting sttuehe

pi vot a'ctier %% ﬂtﬁe &&%m’fﬁ%@-grtl 1(?& AlA9r e st Eﬁlﬂ& %cﬁﬁéﬁ%ﬁeﬁ 5%%%%59% %ﬁsigﬁset}égﬁ'}ain

spring e min- I'ng structura e pip andl i ng

appar abtdtind drictlreiasesbée Joulub preved satewahemeetheh@fithc2fain[(0QABE strefu@ar i ng
to FIGURE 7, there is shown a side elevational view of a second alternative

enmbodinmspier dft duhite wingd grsis and gheofidavies faressampaitedenonitopmaimiyetapngstricdwrdl i ng
apparatus, 12 is shown in_the first sition. The fir c e 66 of . the
appar 04| OpBfalh ot 55 R pb b BRL A Hoord Rain . aFpar drmeeon).8% |
the fig&tedR®g biksiafbe frdM8hERGLsB3 aQll 34 BEhE nfa$d rotARk8trBGulaS nRibached th& thiie top
26 of the main rotating structural nmenber 14. The opposite end 70 of the

first tadibten@ofits atls 8¢ hetbd of the fabkad2sud Pl oespedinely. i Kedosuioh at theiend FI6GURE
7 is th rqoqund.80. The fjx surface can also bhe any other syrface that is
stati &aﬁ.ﬁ% ,O?wcfﬁfsfa@d{%%%agfi%ég apd 5&%?9?58?/@%@%@1@ Ry o Broldhip e of
the a . i C i hang4 . [ Sl
firstgg%éﬁgﬁgﬁﬁggl?ﬁgkékﬁg g|3%gﬁ§%§#|ﬁﬁ appé&ggﬁgﬂﬁg&@ggégéé?}@w%%SQHFrom
a fir sthepabd pipoRaidling appaatnd 1Ppededscothe tibidar A2 2thd el héakiH4. cabl e 66 is
connected to the ground 80 in front of the pivot axis 18 of the main.

r ot at i[9Q78d thaferting a9 FiehBE: 7.1there[igahrayn resider elpviiionsy HPGURE Sconhelempdveshown
a side_ el evatiopal view of,t second al t.ernative e di ment  of. ,t.h

appar ST PRk b iluhe b s BRSPTInAicH, e R A Rag it 12
i Nt hen BRIVAGORIESH! TRNfirst ChbldWy &1 aRORId41i98hownR sk WheRHRYiRthandling
structural nenber 14 of the pipe handling apparatus 12 is in a

subst apparafuk y2 veintthe st poesiteon, dthicend 6§ loé therfrs20blsf6 6tih attgshpdtorthe thipi 26gpf the

apparatus 12.extends anguyl arly outwar dl he main tati structyral
menberiiih gitc i st 15 Rrads fel TOBUhS Frisls o6 sbpdtiud & fed
or 1 entaih QN 1R(RLx ol U NBlih FREOREZS ifGoldd &, ARARSAriRle LR GIsBREANALME: B4
can be seen as angularly outwardly fromthe front 30 of the nain rotating
st r uctsurfade tharibentidedry, such as the skid 16. It is important that the first cable 66 of the apparatus
64 is slack when the pipe handling apparatus 12 is in the first position so that the pipe handling
apparatus 12 can easily move from a first position to a second position. End 70 of the first cable 66

is connected to the ground 80 in front of the pivot axis 18 of the main rotating structural member 14.

[0079] Referring to FIGURE 8, there is shown a side elevational view of the second alternative
embodiment of the apparatus 64 of the present invention, with the pipe handling apparatus 12 in the
second position. In the second position, the main rotating structural member 14 of the pipe handling
apparatus 12 is in a substantially vertical orientation. The arm 20 of the pipe handling apparatus 12

extends angularly outwardly from the main rotating structural member 14 so that the gripper 17 holds
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Because the first cable 66 angles outwardly, the first cable 66 adds
structural rigidity to the main rotating structural nenber 14 so as to
prevent baokesvwg2@nad forward novenent of the main rotat Pog/Esteaos2288]
menber 14 when delivering the tubular 82 to the well head 24. Mreover, the
first cable 66 hel ps prevent springback of the main rotating structural
menber 14 which sonetinmes occurs when the gripper 17 of the pipe handling

appar at us, 12 | eases the tubular 82 at, . th ead . 24 80] Referrin
o dreodr $ e el RS o e A Sl ho MeRrbik e & Begumirnof | "
al ternaf by @e&%%ﬁk@f&@g&&? gﬁﬂpﬁ{eaf?d{ﬁ 36%r@le hbg r?%gﬁg%uduﬂ’éﬁﬂfe{n%r 14.aken

along line 9-9 o e first cable 66 of pparatus 64 has an

end atBeasdsedhd first bebld 6@ a?dedutivaidhy, tiod ftst napls 66 addsstiaktuna myedityld thechaom
opposite end 70 attached to the ground 80 in front of the nain rotating

st r uctr@ieng sraieheal member 14 peasde peverhariagd apblersprdsnovemempd thempypaotaang e 72
fth , i
o RufRRRY BhDeEf 05 A0 8fe 1 AAASHIE QbR RBlch e TR o

80 i n dorens REvenbh epritebelcklef thamehid RRativel dructiratrh&@b&t1UChidh 83bmbRfBE beclds Of
the pipe handling apparatus 12. The first and second cables 66 and 72 of

t he sedendhaguppcnil pldeorsduindeng apprratisel 2asfrascsttigtubylag 32 alghe angllhead 24.

out war, fyam.th i tatin tructural . member 14. st ead he first
cab o 100801 Lefiibe Fo FRUTRE Re rdid BoVBR (L el Pov St lgPeerart aldPetishmer
14. TheraeRd of ARlaBpaut 84 BANR! Jr&lent iBvENIRNORRASAIbE: Bhde 934 FIGURIEER. MR
rotating structural nenber 14. tending the first and second cables 66 and

72 parfadtl@blet @ dvhthesipgastui8Dlamt Bderaf attdebedhii thertop Abiafignah rotating struatwaber
tructural nenber, 14

14, respectively, adds rigjdity to the main rotating
so as Mg Hapgd e epposits H@M%ﬁl%ﬁditeﬁhecﬁm%@%a?w% ottat Maly retating sigpciyral

menber I: Fribar, i ng
o P AT of et AR AR L SRR A T b mp R P PERALT e
enbodi7antchet! té the t@pPRdfaheBaibGotavhg Brddigaphp@b&randind ag oppyzéas atdi®s ditiched t he
first position. In the third alternative enbodinment, the first cable 80 of

t he appiicagrgend’B0 ngontorehel sigd 14t land Hsdneip retgiing sisuteabmeper FhphthediRg i ng

tructural nmenb ite end 84 attached to, a bot.t 8..0f th

AR R Ry R R R R T T

80 ar e)fﬁietaggm&s b9db he aﬂ'gie Ruivedrallyiffdeh b hided 1ot g FRIREE] hdmbdat Ink@ad, &l t her
e

end 8 1 or 84 i.s attach to a fixed .surface. Because neither end 8 1 or 84
i s at tfastiveblc®6fi§ perelld tr tha siele 32 lné thealhdie r@atingsstiuevsdl ommbontién Thérgecond cable

93t L0g L1 el TEhar I 5 0. (e ROsLLan Thg Lopskon of

when i0q sind kisits Wﬁ{dt"}mrallel to the sides 32 and 34 of the main rotating structural member
14, respectively, adds rigidity to the main rotating structural member 14 so as to help prevent
sideways motion of the main rotating structural member 14 due to wind gusts and other transverse
forces.
[0081] Referring to FIGURE 10, there is shown a side elevational view of a third alternative
embodiment of the apparatus 78, with the pipe handling apparatus 12 in the first position. In the
third alternative embodiment, the first cable 80 of the apparatus 78 has an end 81 attached to the top
26 of the main rotating structural member 14 and a opposite end 84 attached to a bottom 28 of the
main rotating structural member 14. Thus, both ends 81 and 84 of the cable 80 are attached to the
main rotating structural member 14. That is, neither end 81 or 84 is attached to a fixed surface.

Because neither end 81 or 84 is attached a fixed surface, the cable 80 is tensioned when the main
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[0082] Referring to FIGURE 11, there is shown a side el evational view of
the third alternative enbodi nent of the apparatus 78, with the pipe

handl i ng wpparcztsea31l?2 in the second position. In the seeamdSpawiotizes, the
main rotating structural nenber 14 of the pipe handling apparatus 12 is in
a vertical orientation. The arm 20 extends outwardly fromthe main rotating
structural nenber 14 so that the gripper 17 of the pipe handling apparatus

12 hol ds .tubul ar 82 i vertical ori.entation above. the .l he 24 of the
o I vappingsuefsaiorberd4iF bl 6 e Pouiiet o heicuanoL He Lt FEPIR RGeS
appar 4b e rhfinirsafifly {ARIAGARALGAN VASIn 1S pddiford 1 75T cabl € 80 tensi ons

the main rotating Structura er 14 continuously as the main rotating
st r uct[008] Rutertieg torbUEEREEL MNeledte ihehofninr $ tidp @bivhiianl aivdv bhtheskrdnttepasvd i on.
[0083] Referring to FIGURE 12, there is _shown a front elevational view of

t he tKMbedanend phiieiapeardih o viEhithe pipctadigigrppaiatls 128n gre seerndpogidigns In the

i nvent_j t ak i - f - .0f the
wppar stCRuAERAER. B Al SR incrl T of b plpFnardink SRR, 1230 o

st r uctvidftithl sresibgion 1 #h&ieh 200e:08RR Dutverr @R droBdtha e fuedieQtrhfgrad aichmer PBsof
the main rotating structural nmenber 14. The second cable 86 has an end 88
at t achlead thegripiper t/oy tkepipé harsdingappiratos b halds whvlac8imal veraabenicniatioanowm

opposi te at.t.ached the bottom 28 of .th in rotati struct ural
ronpertey S i 2 B RO 1L 2 06 B8 P syt b et b e S

st ructiurialy EIRLhd H8siBSn.t PRusTBTirbiQablel P0defhdidGhimaln (TRMRE kMY @ meaibieen
the first position and the second position. Cable 80 is parallel to the

si de 32 cohtitumashyeds the mhat jotaging tstructtiat alenthenbervedetwitrethedbbtepBBionsingahal | el
to the opposite side 34 of the main rotating structural nenber 14. The

t ensi SRCWE POREORabl es 80 and 86 provides rigidity to the main rotating

str “Ct[b'(ﬁé%,'é IiE‘F&Hﬁg é%ﬁ%(i@n}%gfl 2&%&?@ lspshB%VaeﬂBnt%I%%Yi@ﬂﬁ VIRE PR dtﬂfrd taﬂﬁrgﬂm@

rotating tructu due to various rces 1nparted on t mal n

r ot at ieAthodiniene bOthelappBatae 7 Wit Pekdnt divieAgon, Uikehaldhgtimed 2Wed of MIGAWRE [ 0084]
The vari ous enbodi nents di scussed above all add structural rigidity to the
mai n ridedipingibis 8Qef theatppasitiseld hap uf enchdl pitgsdic 40 @1 tPp g oiphe atais ratgtingrhe

preferred embodi.nents shown in.Fl S 1. adds, t he ) igidity to the
P oS E R SRE aRt B € R uhehed KETE s TRV Mt lale
angul atrlyuRuihieaibet ¥4, Frerikddia chikie 86 halanind 3B attidked td Bk &pl 26D S Hsh Wtading

menber 14 and fromthe side 32 and 34 of the main rotating structural
menbe stridtural meeneta | ldsareiRaranpp &8e ahd tH)h atfachet taathcerat@ni 98 of rtho diame notatang

o Loned ML L6 POt A8, 10,0 Ll e LSRG RTu sl et e

of  t N&nrember 14 as the main rotating structural member moves between the first position and the second
position. Cable 80 is parallel to the side 32 of the main rotating structural member 14. The cable
86 is parallel to the opposite side 34 of the main rotating structural member 14. The tension of the
cables 80 and 86 provides rigidity to the main rotating structural member 14 so as to help prevent
sideways motions of the main rotating structural member 14 due to various forces imparted on the
main rotating structural member when delivering tubulars to a well head.
[0084] The various embodiments discussed above all add structural rigidity to the main rotating
structural member 14 of the pipe handling apparatus 12. The preferred embodiments shown in
FIGURES 1 - 3 adds the most rigidity to the main rotating structural member 14 because the cables
38 and 44 extend angularly outwardly from the front 30 of the main rotating structural member 14

and from the side 32 and 34 of the main rotating structural member 14. The cables 52 and 58 of this
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main rotating structural nenber 14. Therefore, the cables 52 and 58 of the
first alternative enbodi nent prevent sideways notions to a greater extent
t han t heywpreweawtéiBor ward and backward notions of the neCm/usetas12g8
structural nenber 14. The cables 52 and 58 add structural rigidity to the
main rotating structural nmenber 14 and are a viable alternative to the
preferred enbodinent in the event that the cables 52 and 58 cannot be

extended in front of the main.rotating st.ructur er .14. The cabl es 66
R T S BRSO S i et S TR s
the f rn?é?ﬁbe?’qlzl.c’lfrh% '89019@52"3139583&6 Obeid %EﬂéﬁIaﬁ‘l?ﬁJgt\ﬁ%i omhe sI& 0ahli8s Héhand

72 are parallel to the side 32 and 34 “of rotating structural
menbemadid rotagspetudctuel ynenfheusl4. t ikerctold, ghe Gobland2 AAJ A8 bheresBrontiernative
alternative enbodi ment prevent forward and backward novenent of the majn
r ot at iCHEPOSHRGHE PLEVERt SHSHMIRT MeUORSHo & gifadsacatenieter Hiey Prryant fReyard pad, Rapkward

or + en iR OB R M torh e LRI SR 4 e Sl SR PRERG Mhuca B iidicnone i s
an al tes Mainiréitih@ strit@urdl @ERbEEd Sabedi tRble altBrmbfie: ©akeprichitedicnbodini@it in

practical to angle the cables 66 and 72 outwardly fromthe side 32 and 34
of theherayant thot dhd eaplest Yuandup &icannsiibe rexteadedritelrenttiethe gamimmetadee sfuatyral

first alternative i re attached.to the.main rotati struct.ural
rermbernepabe i TieaB iS00 i kol 3 eSO b Bt e Bl G
add 1 igindite¥rohP36 S@hdRLM (HRLAL sRGeghNHEh AU, TREDMcskS 7@ 728rclpardie] B the
prevent forward and backward and sideways novenent of the main rotating

st r uctsudea2 amd 3 @i thbdnaid hetatidyg stobcairdlenemaliarvé, esfrotdvelenThof theabbles6@ndid 86

are a viable alternative to the preferred enbodi mrent in the case that the
cabl eST 86 Swﬁgﬁe@%ﬁf&eﬂb&él%&ta@{é@ forvay ?riﬁgek‘gaﬁd%@mepmf@s&]m%éotﬁ%gq

rotat is ctifal Hl%hﬂﬂ'éfai %@%{%ﬁi&gﬂ}eﬁteﬁ%aﬁ 9}69 tpE&%ﬁ@ si&_é%?aé/gﬁjogeﬁlgrﬁ{%tfit%%ﬁ TG 2

I
menber 14 rotates t Ivery o e pipe 18 and achieves betweerr 45 -

90 of stro¢tatal membEORS Bjhe DRienthoseghGibtis$6 hod T2 @ thddtcobd fermitivo Bmbbddihlaat
invention is illustrative and explanatory thereof. Various changes in the
det ai lisanylterpéve [q the preiaresd colediacié it the cas dhari it peasHca doreiepde tiecalles ethe

scope of -t he cl ai i t haut,, de t fromthe truye irit of the
rvenerge ol dl Boallhe Pt R bRER! BBl B et Py BhabSitsiitg
cl ai manadnd of bR firsd 8GAlati€6 embadigRthartlathdied ko Bledhdth rdtatiy MuRRirdlaRGhbdd 4,
appar atus conprising: a skid,
but are not attached to a fixed surface. The cables 80 and 86 add rigidity to the main rotating
structural member 14 so as to help prevent forward and backward and sideways movement of the
main rotating structural member 14. The third alternative embodiment of cables 80 and 86 are a
viable alternative to the preferred embodiment in the case that the cables 80 and 86 cannot be
attached to a fixed surface.
[0085] The main rotating structural member 14 can be a boom. The main rotating structural member
14 rotates through delivery of the pipe 18 and achieves between 45° —90° of rotation.
[0086] The foregoing disclosure and description of the invention is illustrative and explanatory
thereof. Various changes in the details of the illustrated construction and method can be made within

the scope of the claims without departing from the true spirit of the invention. The present invention

should only be limited by the following claims and their legal equivalents.
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a main rotating structural nenber rotating about a pivot axis relative to a
skid, said main rotating structural nenber noving between a first position
and a secwoadopaskdéidon; and a tensioning nmeans affixed adCaasnaoote22asn upper
end of said main rotating structural nenber, said tensioning neans for
applying tension to said main rotating structural nmenber when said main
rotating structural nmenber is in the second position. 2. The apparatus of
Claim1, said tensioning neans conpétﬁhag: a first cable having an end
attached adjacent to a top of said otating structural nenber, said
first jcphl,e having an opposite end attached in a |ocation near a bottom of
said main rotating structural nenber; and a second cabl e having an end
attached adj acpipe handlas) apphrapsebmpakidgmai n rotati ng structural menber, said
second cabl e having an opposite end attached in a |ocation near said bottom
of said main ro@é%ﬁhg structural nenber. 3. The apparatus of Cdaim?2, said

second cabl e bei . zhe i i I N 1.hg: r
menber opposite asqlg?ll ﬂh%t?t‘rf Q@%&r@_rﬁ%efﬁéag%%rogf %E“@Fé@ %aell rﬁvéfté ggl%lg S?#dr st
and segan eote@y @St Thaba? Gndving helBer DEiAL bt G 4ddcd decadd PRIRRE ahd) sai d
second position, said first and second cabl es being slack when said main
rotating struct @rtensiorembacarssiiixedgajagerntite en uppesicnd ehsaibmamiyetatipp areatwrgl of
Claim4, said.first .and second cabl es being.attached in a |ocation ip front
of s a R T ERTTEE DR ot i e et 1 oid e Trglingc eyt Betbiy wherl g
tensi QRidNGa ARS8 LARRNSI MEhb& if In'thE s&BRd Bodidyd.Ng an end attached adj acent
a top of said main rotating structural nenber, said first cable having an
opposite Fﬁhfﬁﬁu@pMBdwbﬁCknﬁﬂMgﬁd$gfkﬂﬁ@n§wuycbm@ﬁgsgid nﬁig rg;ating -
structural nenber; and a second ca avi ng an end_attached adjacent sai
top of said mid ﬁr&%gkeﬁgvglgﬁa endichpradieset @ op SR EaBETh éﬂi‘i‘%‘&agn

cara PRl GRECRR: ARIRELOE L RALREG o LARGPRRELENR PRI 1

pi vot repstisg afuctiiel menbert aidt i ng structural menber. 8. The apparatus of
Claim?7, said first cable extending angularly outwardly froma side of said
mai n rotating stirigeens eablaveayeg an sud attached adiaette seidttemafl pid gy repline

out Warsgrllgtu}cali I%ré]m%re]r, said second cable having an opposite end attached in a location near said bottom

of said main rotating structural member.

3. The apparatus of Claim 2, said second cable being attached to a side of said main rotating
structural member opposite said first cable.

4. The apparatus of Claim 3, said first and second cables tensioning the main rotating
structural member in said second position, said first and second cables being slack when said main
rotating structural member is in said first position.

5. The apparatus of Claim 4, said first and second cables being attached in a location in front
of said main rotating structural member.

6. The apparatus of Claim 1, said tensioning means comprising;:

a first cable having an end attached adjacent a top of said main rotating structural
member, said first cable having an opposite end attached to a fixed surface away from said main
rotating structural member; and

a second cable having an end attached adjacent said top of said main rotating

structural member, said second cable having an opposite end attached to said fixed surface.
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opposite side of said main rotating structural nmenmber. 9. The apparatus of
Claim8, said first and second cables tensioning the main rotating

st ruct ur avormembee618n t he second position, said first an#CTaseond/ocrbs es

bei ng sl ack when said main rotating structural menber is in said first
position. 10. The apparatus of Claimé6, said first and second cabl es
extendi ng angularly outwardly froma front of said main rotating structural

menber. 11. e appar at of O aim 10, said first. cabl xtendi.ng, angul arly
outvar dly T OB avras el 6 HAITHR SR PR Rereedr e ibshd g i S ond
cabl € ,eLqRANRG: éﬁ?b‘ﬂntgé h}ﬁirpﬂﬁa\’t&rg% Hcluf2MeAbepPPOSI te side of said main

rotating structura noer. 12. lrt1e apparatus of Claim1ll, said first and

second cabl8esThcepparatus g Cldia Tyeaid firgtcablicrgteatingahgulatly owmaedly front heédsetond
position, said first and second cabl es being slack when said majn rotating
st r uctStidamnaifgAIERe SEuGtyrak BeEnber. said ssernd; Gagle exdendinghangwshy atwardsy fremednm 10,

sai d bhsticand seandifaRhen Bekngatbaghed 1o sald fixed surface in

sald nain ro I'ng structural menber, said first cabl e being

general |y par@hd gppatQusai d1Hmdg afd Gat ndBédond @bBité RsiDhingCthe hadin PRADET |
sai d second cabl e being generally parallel to said ogposite si de of said
mai n stveitiahgestbenot the a¢cone prbwtion, baid (rkendppeandtcables beiag sl wheif spid am

conprising: an armpiyotally.attached to said main rotating structural
rre_rrberr?t_agﬁ% tglcé‘fr?lptﬁglﬁgerrf%é{h%lcﬁmsgp%séth%c_t ed to an end of said arm opposite
sai d mai n net atheRPpRhiuy 6F lah dTRAB st af@ kot IcRRENEK IBRARS af RflarG) dRRAAG, @
tubul ar therein, said armextending outwardly of said main rotating

st r uctfumah froehbiesaidvingin retaiidg selatumbmambery structural nenber is in said
second position, said main rot %ti ng .structural nenber Pei ng a bgom 15, A

met hod of tlénsiNSAPRYYS RaHIPIUatdh g cRRIE CHiFaTingRRBL ot U EORAnYG ng
appar %tfgaﬁd nfNErdRIE HrAb @Ak Anek %ﬁfd%@éndr@ﬂi%%ﬁte‘iﬁ& ta'ng&la QU aR QbR arP X! S
froma first position to a secon position, t e nethod conhpri si ny:
at t achippesi@ siderflsaidahdie radfigcenictaltragmidr. t he nmain rotating structural
menber; attaching said first cable to a fixed |ocation near a bottom of the
mai n rot at ildg Werapperawaiof ket !, saidiisiindgegonsetbied tenaioningald avenrolddigl t op
of t h%trﬁcatlurnal &%&%telr 092 tserc%% %5&110%5‘5‘&%& and second cables being slack when said main
rotating structural member is in said first position.

13. The apparatus of Claim 10, said first and second cables being attached to said fixed
surface in alignment with said main rotating structural member, said first cable being generally
parallel to said side of said main rotating structural member, said second cable being generally
parallel to said opposite side of said main rotating structural member.

14. The apparatus of Claim 1, further comprising:

an arm pivotally attached to said main rotating structural member; and
a gripping means interconnected to an end of said arm opposite said main rotating
structural member, said gripping means for gripping a tubular therein, said arm extending outwardly

of said main rotating structural member when said main rotating structural member is in said second

position, said main rotating structural member being a boom.
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attaching said second cable to a fixed |ocation near said bottom of the
main rotating structural nenber; and tensioning the main rotating

st ruct ur avormembee61Bn t he second position with said firstcan$2@emends cabl es.
16. The method of Caim 15, further conprising: extending said first cable
angul arly outwardly froma side of the main rotating structural nenber; and
extending said second cable angularly outwardly froman opposite side of

the main r tat ctural nenber, .17. The t hpd d ai furt her
PSRRI LAY Saonieg ¥ SRR B BHFTELOPE a8 i MU RO T ¢ o
a fro t i fa 15,
e o s Byin} R b @A eldihct koL TR s o ENGSTRINRR Ba StaM T2
st r uctposiaibn naerbethod 8mpfikegnet hod of C aim 15, said fixed | ocation being a

surface of the naln rotating structural nenber, 20. The nethod of C aim 15,
further conpri sidHachiagd SRUFHYe adiaeanh? S Adheimpingotating shugtural BTG

Struetural Tenbel ML TRk B! RTh00 GLEHE WAL bIRIRST e ol Hifaecone

position; gripping a arm wh
rOtatmﬂgaﬁﬁﬂuﬁbﬂkﬁ| menber is in the flrst position; and releaS|ng sai d
pi pe fromsaid grippers when the main rotating structural nenber is in the

second positi on.attaching a second cable adjacent said top of the main rotating structural member;
attaching said second cable to a fixed location near said bottom of the main rotating
structural member; and
tensioning the main rotating structural member in the second position with said first
and second cables.
16. The method of Claim 15, further comprising:
extending said first cable angularly outwardly from a side of the main rotating
structural member; and
extending said second cable angularly outwardly from an opposite side of the main
rotating structural member.
17. The method of Claim 15, further comprising:
extending said first and second cables angularly outwardly from a front of the main
rotating structural member.
18. The method of Claim 15, said fixed location being aligned with the pivot axis of the
main rotating structural member.
19. The method of Claim 15, said fixed location being a surface of the main rotating
structural member.
20. The method of Claim 15, further comprising:
extending an arm outwardly of the main rotating structural member when the main
rotating structural member is in the second position;
gripping a pipe with grippers at an end of said arm when the main rotating structural
member is in the first position; and
releasing said pipe from said grippers when the main rotating structural member is

in the second position.
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