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Generally speaking a pipe storage apparatus according to this invention comprises a pipe
storage bin, pipe support members for the bin, and drive mechanisms for the pipe support
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35 DESCRIPTION OF THE DRAWINGS
The above-mentioned and other features and aspects of the structures and procedures
provided by this invention are described more fully below with reference to the accompanying

drawings in which:
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content of this invention.

In general terms, a pipe racker system includes a main foundation and support structure,
muitiple levels of indexable sleepers which define racks on which pipe is stored horizontally, a
mechanism, such as a bridge crane, to transfer drill pipe stands between the sleepers and a drill
pipe transporter, a drill pipe transporter to transport the pipe between the pipe racker and the drill
35 floor, and a control system to provide the man-machine interface and to perform automatic
control functions and to enable manual control operations to be performed. The drill pipe
transporter preferably includes a carriage system which is comprised of a skate cart movable
between the vicinity of the sleepers and the drill floor at the level of the floor, a further cart on
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manner.
Further, the system preferably includes a second pipe storage bin disposed on the other
35 side of the skate cart track from the first bin. A second pipe lifter preferably is provided for the
second bin. Where the system includes two pipe storage bins and two pipe lifters, the two pipe
lifters preferably are arranged to service either bin providing redundancy of pipe lifters.
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Skaxe cart 18 and skate truss 19 are components of a pipe handling subsystem in the
35 overall pipe storage and handling system 10.
As shown best in FIGs. 1B and 3-6, the structure of racker 11 includes an assembly 26
composed of a relatively massive base 24 and of columns 25. Assembly 26 preferably is
constructed to be stiff and rigid in its own right. The substructure 13 which supports that
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FIG 14. TYHcﬁesaﬁfeHaﬁ%l& g SHeBEPEM 1 haRkedb bécom@idRite a ive@ﬂwow Gtepper

above the ot her. angi he .de.i || (gﬁ%
t hr ough t hBE&THERe egwaaé%&f gangydisposa %11@ % ) % 0SS V&tér&g a%} %t fhe a@ép&s@%’m
be disconnectable from their indexing drive mechamsms and supportm g bases to enable one
35 sleeper to be exchanged for another of different capacity. The sleepers cooperate with pipe
stands at locations along the stands between the pin and box features at the opposite ends of each

of the individual pipe lengths forming the stands.




30 supportlng it. The notches 41, 42 in the sleepers preferably are
configureg, $7I0 jow the notches to acconmpdate drill 19 rang '
dianeter tromtive (5) inches to six and five-eighths (6 %'VQ? 7% hes
alternatively, the sl eepers can be notched to accommbdate a given size of
pi pe, ther ebyRestirgxheriidil pipe betwean thesloped sidesafid sotdh 4 powwiases theroatattdgres of t he

gt or age ﬂ%&v@éﬁ méla@eﬁehemﬁdh@aﬁﬂrpi;pecm sliaﬁmg%mruwéeam ﬁémtﬁmeberu@dem ng
ri ve mechani.s a r n

exc hangeHr"PB’Fwn‘ﬁé‘f ﬁ‘g Fo'g?cqg?rf § %'%éﬁ}usﬁ@e @m{gr}r bet rSLee% 8"d t?’aflré?vvl th

pi pe st pipdds lacreasg@éﬁhemeaéﬁbﬁgﬂ@mbee@@ alﬁaaaetﬁ@w\sélémgta&@gptsﬁmﬂwmxt i$ eat ures
at she opgfectddto &dmidbadsatdng ielenpiheiué wadhipintbtiohs. Whea tHealillipise i abjEcteg t he

o1 ange IR (e B AldnOPR sk TerBEo: Bl \iedbtd o R BEpISIRE SN { e

sl oped si d%y eases  t cont e sl eeper
and the @f theslepreppotchyrd willingtt 1Yl iphe{eBS- bet ween the pipe and the sl eeper
is proporti Olrhalslebp):ri fre nivantedad bé oxdeedan ift theinisff tHelséeepdribalongankine etaton

bet ween t“f}g“e i @saq o &gogérthé Rext lQH?%f&rﬁl ¢11[9@§t£fa§ vmelyz»o&h%@ﬁ

friction

subjbc edetapieah scﬁw&h@&a@smaff SR 0 Rt B - U oK KRR fogpiatd b < ne
drill pi pesiiien mbﬁhestaddof slespety helnwand theu doweredtuntil il restseomi thentopinost Bleepst eeper

| elnlgt h, t tb@l%wpm nie%hé‘kﬁdiﬂ?%dk@ft& Wb &leepd RethérdRd coMthint BR 1&&@@@@31 ﬁ@g c[l and
W no I‘ e n naexe 0
lift thertﬁe m"tﬂeé"pg Q%eﬁlee\ﬁle gﬁ%‘?—&ﬁ’gr&@g@é &ﬁgogleoﬂ?éeﬁf&%ri pipe bin to
expose t he nemllmawan ﬁrearpqwedbws@tbq Heraers intheRipe king %ﬂdﬂ\}m@ﬁe‘éa“él’%ber 10
beceses f(id.)skate virt D8)cbydthédnk opa pecial bridke icrane Hinkraiat i FIGS, 18,128, Aekindd. eeper

above i s p&@&g&y%&m npgﬁﬁaéﬁ%neyﬁmhag »m%mg{) b?lh%@&ﬁr%escogﬁlbg oRfdgq t hen

| ower ed sl eeper ally

a
| ocks t hdo f%c"sp‘éﬁﬁ&eﬁ‘{r?ﬁjeliﬂéra £ﬁ’6 °%8ﬂ?§ e} [FePIP 9’64 ‘Bfe “ﬂd %é bel ow
the sl eeperhm&mw\éaccdbtlhdiashbemcr@gmﬂmﬁpdlgtanmemepeﬂlamocrh@ereﬂﬁélptth@ed over

it. Drillend d¥eneigt vdokedSRIfPFRYRUeD@IKS 8N atitheendb Sﬁtﬁebﬁdge%rdrh?m{hrﬁﬂe Rilgs and

the I pe e E’ﬁ?et bri dge
cran |II3E§?$§’§§&£ &mll—elj%)sxébll%ldez ﬁp &&r&) gaf)lg lgr%ga?gagére twog
bridge crchensel-lie in RS SpiGfh APLH olap %Wlag@% b&hgmclsa*red:hs@e sBifittied to
service hind frugks aee edptivege thearadls; seFGr 60¢.2brThdgencks afieach bnqlgeedrmerad for

efficieng Snd ncifik® fo mAESHUBHARG thé etﬁb%ﬁﬁ@ﬂsonli%& &&wggﬁme @(’%&fé“rﬂﬂﬁﬁuée he

di st ance cr e racker.
Sel 1 -pr opeTaT e GapSR s hyieiin Bk et iR S ah o RRBSHO FHES o | <
20 33 andnbripaad deven welaginetoithebridgaeThy Ifecobmns fneagh bridgesedee aresypnohroaized her .
The rai | o bvlogétherahl ¥re @bhectel anhsciowts dats by lonPbansidaitifie as aﬁs’lﬂngﬂ’iek crane

truck whegl asoﬂéaﬂ&?i@g@eyd 313 me %ﬁgﬁ‘a‘&ﬁ Aaﬁ & Por C,Jlgﬂ{gm gnga el fealt{ £7 CaPLi ve

to the ralls ne ar.e

eotr
synchr oniveh Wtwa&%a%%fﬁ *hﬁ?ﬂéi SYEARele rplﬁasglﬁlvg@n theﬁl“ ﬂl&? K nor e
(preferably tTireemgnetwdxftheeéslwthmakmmbmtmtbﬁmldul’mw):aﬂﬁnmeéonmfmcddng n the

ﬂ]a%g b(rjl ﬂﬂﬁan&ad?a%]@ft H&&lf}ﬁ& bfé?é?&ﬂy 4@ mmgea 2% by th'eﬂ R GoO upsRk a&w;e to
e s i L e
st r ongbackmicirgularamess Rl,‘%fFﬂablM vithsradingiwhicly fis th CW @Eﬂgdﬁgﬁlﬁékmesm&‘% W¥ier for
per manentpafalgite theldirkétidched e déill pipeh Tl mdgnsts prefarabilara httsvhéd toahestohgback of pi pe
and to rgleass it HOERy BE rHBINRE tandidiStniafl MAKEo allow the them to align
35 themselves with the drill pipe being picked up. Aligning the magnetic heads with the drill pipe

greatly increases the contact area between the pipe wall and the magnetic heads and hence

maximizes the holding capacity of each magnetic pipe lifter. The pipe stand lift heads are

described more fully below with particular reference to FIGs. 21-23.

-10-



The magnetic lift heads which nake contact with the drill pipe are in the
formof two long 30 permanent magnet bars and preferably are arranged in a
manner thatWa#ey70tor m an upsi de down trough. Wil e the trpopgteoesnsbe "V'
shaped (see FIG 23), it is preferred that the trough be semcircular, npst
preferably with _a radjus, which fits the.pi bei ng handl ed. The trough | ays
paraliel to thg’}ﬁﬁ‘&‘fﬁg&ﬁ‘%peﬁﬂn ipfﬂe%b‘fsﬁgﬁ‘e‘ﬁﬁ‘él H%?fg‘}’?é‘f%""ﬁ? afhasehens odr e
att ached tlridgherasey ShgBaunkves isidewaysayn tshbridgehmickhfymoamansit aesiioarsdet thans| at e
in smal |l apBlRrer (0@ dcte@¥okifibn bheehe HAl plpk SiEnBH bl BBNSRSIN SshiMibbi ctahs cdh i | |
pi pe being |ck3§ u}ﬁ. Alth,gnl régeéélhes n{gﬁi&tl% hetgd Wlnth thag d.l"/l Itl ﬁ[‘)r:a e
oreat |y i niSapEelEd cpRurelyys piESenTd s BIEPELSR Spotd ?5%8 S LA e R et i ¢
headsS and $wonghack irdiveied &% theneertingl Uit mpmbarsSi unil b megotiiclifigiveds &/ piepe
lifter. ThenBlcORitisthadsll bipk.IThe aagtiafields Q&ﬁfaltédﬁdhﬂﬁ’f iRadidHrd offcb@lcaiatiich h
1
rl

par t cul arwﬁ%ﬁ%@%&%ﬁfg&q‘a{iﬁéﬁ%& %%%ggﬁgmgeéi%rg@eg AR OO0 Wher

nmovi ng dri 'l "pipefr S P Ipe [

chosen onebifize cpnp g the dile sipg zoupke! teg gtr@&%h@yégmagw- Bhe brifige crage ks
froma tramstarfrgaoii pisiivn@vertht pige binrtaappsitibiedirdedy avetitscd:#1 pp@ispdren over
the dpg !l f&hi@ﬁiéi%@zﬂék &Qnéjrﬁe Eér@é??ﬁé?grg%gr gma»b %e%?fe?é}c%ﬂﬁﬁ of B3 crdRE. §RET at ed

concurrent Yy It presently, 1S X operate 0O y oneg rane at .a
gi ven ti nmeSTORRRACK IsJPWETAG A khe &l ripap o e R skate.dary ik e BRFIRSf 45
until the tragipestand drighged irethel pindait;aomdy then the magreetit fielids dve kitied @rrélédse the dull The
magnetic fjiel Ao BRGRALEE rdlhsd M€ dhill bipe @R SRR RarRlthiSG heV@rohsbadld a6 R t he
lift heads (o th .dn(% pi pe. The llh‘té rrer;%grs [ .thgn raised to.,their
hi ghest - poRRET RHLIoR nd gl myes dp ik pi s nFoRos RGTHFRIPS TP BRRE SHREEA™ o ¢ he
st rongback by Muwvingalgiieins fromhbe dril] piptranspaiier topmineditt is therdvesse plordvingshe over
the pi pe bpife H#OmahdINSd bih @theliri@pértey. ThéSFidid @ar@dpidids upthe@rill hide SR thedrilll O

which is | . Of it
of the or diEe bifiptt@ 0 ok anfE ol of MiTahORE cabfiedThy Sabd ABRSH W01 |01
t r anspor t efPedifed epea slot (postiqm inapapeinsiesrer sgf The pige spgdds weleased remdheddog n t he
pin cart; heatlyaftednére Wwdight nfigratand his bekulgecapted by theibetsappostl shap@s.t Whatrd | |

Pi pe. oo\ t efrdae B Stihe S@RSRtdaG ey hk bH&%eomkhﬁn%M}g Stof hERerdndkes S the
strongback_t %

it upper npositi.on and the ves tO pick u he next
St and o opason o s HBETET RSt D0 SbreEE g (i TRAPOBPLEN orm 1 he
drill pi pedirectmepileommand figmma gontrddiconspls. Simdlary wées the sfrongback irgvaiting ovet pe
from the pihg@akipbridr@o pibeug 4 s pipe, iwerill cdii@eieil6lgRing hadRtaphifdk® thedriligpedr i | |
pipe Tromghe diidls co&%nﬁﬁdetd&é‘ﬁ'éé%‘}fo&r?&e €§nc{ob&n551§”ﬁii?{ea&§e%ef 's%icfiev&r £
transporter arriage. Inhe crane noves It o a speciftired O en_s_ot.
(posi 41 on) bezAras bt qleerwisswaild BaYe o hews sopirsisalsr ierloekiapreeens. A dileing Wilm t he
lifting hagds lefdalant bdeased ghen thef tranigeoriet @md: ihpssitiean raeive it Be doyl gigee pi pe

support sl ganey Se m}&{}%@ R 1A s VR L AR rtkSis SPEFBbin .gA&ﬁe?éne@fatm@m%a' ly,
t he bridge .crgﬁé W al e

ways st t. 1ts. transter ogl t1on above .t
t r anspor t efMPHES thyracker sy “F%\R%’?‘E’g“paf“gmﬂﬁlé SPES tgﬁé’é%efi ?‘?i‘éﬂ*‘&ﬁ%ﬁﬂeéﬁomonl y by
di rect nana&iol&atitatehstar pesigoncod endsithaeynls @t e s@hapdsitionylt dodsent tave to be

st r onghacktimed wandet 1hg dAN @ipe thli@ortdransporter to pick up a drill pipe, it
wi |l comrence + | o] . gt 1S
commanded t o, d@%’%@%’%@ﬁ%ﬁﬁ%?@%b?ﬁ? qun%ngv etgfﬁ?ggl%l%@%%ﬁed

onsol e ]
several 25horizonialpdparpcker W%PW&@‘%&?‘W#W@?@IIMEWW? Rips is ageddlhe
i nt er | ock strimgp@teeyipatarriaps arrshigehént prefeeably Iskomprised bithd longeskatd canid, 4 ebarised

when the tLangRAEHEL idemifhs 4 Bin RASES, LANdAR s{tﬁ&ﬁé bt shbwn iH8GH% & lan@h »e
35 to move the skate and pin carts. The pin cart is carried by and is driven along the skate cart.
The skate cart preferably is about 88 feet (26.8m) long and the drill pipe stand being
transported will range from about 91 feet (27.7m) long to about 95.5 feet (29.1m) long. The dril}
pipe stand being transported on the skate cart will extend at its rear or box end beyond the rear
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will not be |lowered or released while the transporter is still noving.
Adherence to those rules sinplifies the racker systemcontrols and tim ng
since thWoM2dWd crane al ways starts a cycle from a "h8CHUSHY27P43s t r ansfer
position and ends the cycle at the same position. It does not have to be
30 1 i Nederdd®f tRekatt bart flom thregfiegte. S ameiplrfeat (2.4 Ehe rénhdinipg [pegthofiths goll t er |

Eggﬁef' gﬁgr e &l e&§ﬂ th%Pé&?%&{;gn&{hblfémaffﬁn@@&r e ffaé‘ﬁanmllllbé(é%@& p:oiogel .
used. Th¥ Pif ¢ag}y ;‘? élfat‘g‘?ag‘ ides,pnp ﬁaﬁ @@ﬁ@%?’l ‘fhé‘f"é t§ tg %beosgﬁ?l sed of
t he | ongtrsdsake clanheld 8re installed ondhe si<atettruss k2 anfrun &remi theend dfiteapipgsragkepi n cart
49, s and %ﬁhé’s?ﬁ%)fﬁh@ﬂﬁll ha&ttoa{mmm figerFl Gs. 8, 9, and 10) 35 to nove t hﬁ
skate an I . car cart t he
skate cart . P ﬁgm§ﬁ1§{1§es on rvs{heel W, 1ch c%qt@l@l& h%g 9¥ckg@g¥ﬂt§c}£¥t§%§8ﬁ§%ﬁ) gﬁ‘g and
the dri | allgwipe thetpinerrbieimaye re ?ta‘f?stﬁ %atemwh dl pipoinieadsd on
(27.7m l’:&gﬂlet pin @BAMrd)Xnd of tHReeipe(rédls ih th pinaag wh]IhmeCh’obcl(fear)p:nqbefthédrﬂdi bgl nﬁ
transporte n ond the
rear < b padsdTo0 e e b oy e Whciltne sf‘ﬁﬁéf%g@%‘%%e%ﬁ S
f eet0 (. ofhe bowenrd ofthe drillavipe(israisrg by aiows-his ige H?T?f 6‘?°“Eh’é“ &%ﬁ)‘relfee pi pe
will be eusa'wé klmiirrblrﬂdohmrséiatamr ewitallyaadiet by tlfemamm btnch irethel doll rig Herrigh, pe
stand wi i ﬁgl ‘iﬂ:a dx eh&‘oﬁh@dﬁ@ﬁfpeé@he]g Qﬁ‘ov%lﬁ%tcﬁlllcﬁ’d'& ah&@%sooﬁrénéi\’ﬂﬁ@és t hat
RIPE

run CaptIV anng nnel s . are

i nstal | e&“ ‘P‘f"&@"s r&@@ﬁhﬂﬁ%‘ﬂ%ﬁ‘w& gy,e néPlotcﬁé‘gs i oxeggker 5
f art hest of the pipelisdifthdi ﬂhb sifatecnart wilh corttiaueitoj travelitpwasd the inH quhmé&rttreaﬁhqaetg on
Wlhle@é S V"?éaﬁbarﬁ ﬁﬂﬁﬂ %Eﬁ(ﬂ@fibﬂﬁﬁﬁ hbrd@fgkeﬁxd gEppotteg tl&rplﬁ éua osmt@uq:a;setwmt:ﬂws

a oW n I i pe
s | oa dg atgﬁ?é gltdvfﬁ?tl*%u}&‘a Eﬁeﬁxf@ﬁ'?mgerd ﬁ prp

e rests in
the pin G@tﬂtﬁd WI@WF@‘%&@‘FF‘@&#WS’@HHHHW damacky ¥, %B‘PE?&@E’G@"G‘?& t he
other e ndem‘calt hcs 1iftedloff theih cartVrehinsthlteds dteovarking dwlbﬁlnmgcbh@se thia drildi pipk: |
f l Oor 5Ad éndtulﬂﬁl ifdsbberthRR phs? of BE ¥6itirlp éhﬂf‘ﬂt isheidpitae |ifter

i

typ aI I 31 id: gPEB“’B eé 713r g’{?fg:p\{lﬁ irg}s m veQ%aﬁ?]{Jlg o evator,

at t ached preferabiy abthe sbmcvétrlsm@neﬁrﬁO|l!s pﬁ%lb@l@éwaiérrﬁh%m ‘ﬁe dr| | | f1 oor,
and the box eFigsof add&shoiin blevatiop@ieing the fortenid siarbalnd \pépetstoragdrtiinsl I bagbr by

R A T

con oor, until, it

inue trav
reaches iremoved fogpthghinyoluns; As shayapin ﬁu lﬁr?‘?‘ ﬁ?"tpe %Fﬁgepé?p’(fdgaﬁl)%}l{l, ng the
pi n26nd ofhicHieextkmids fromitpmppdrtihg orsbasird collumr2 X ththe ediadent conterling oolama Kaek dri | |

floor w tsibe{,é}ﬁls%&s aefaéa&éd ﬁobiﬁo@wa&h f5didpdsediit 909 feldtioh Stk cﬁ:ﬂﬁ)yed wisiord from

becoms. At yhel s S bt Bipids HlFo ﬂﬁé Elh%d%f‘ﬁ?? By SR oed o T

t he wor klﬁ@ecnﬂtbolﬂrdsqoi%gsebéﬁaﬁé hiBscfs 74 41 amw? lifted off the pin cart
and until it Aashowadn FIGdee pathereain b8 nmvdbilerujpeﬂers B8 insdach big in assodiatiohel d i n

h 0 h 1 cdnbe s h
éng 3§f tﬁgﬂm%%}tl&fltb&:@?acﬁér@aﬁﬁﬁég,l ewJﬂ?ﬁnﬁE&l&ﬁéE dnh dPRGKsited. Tie Ot er

he s et ur ne
posi tion *b?%gwpﬁst‘%@“gq%e@ ‘?fzi‘cgfé}p °st19} " ngméﬁﬁdcﬁ e?FFS\ﬁnﬁs A BEURY; gtg i gﬂ Vi ews
the port mumbesstiaicopas.dFqrippeposssof axpmnpld, the oddmumberpd slegperstip ghe st (Gauntingne bi n
i's shown Jpwakm Taﬁksclefe@emhltﬁe s @ave oF M adjabkiitiouttohrd nsalak, evisle elpees 38

e Rt 300 162! O e BSsoBHARN hit tlTofand hce Sl s ECHRn T RS 2
35 be noted that FIG 12 shows 19 movable sleepers associated with a racker column.)
As shown in FIG. 11, each sleeper 38 is connected to a base 54 which preferably is L-
shaped in plan view. Each base has a major leg defined by an elongate frame 55 which is parallel

to the related sleeper. Each base also has an arm 56 which extends laterally from one end of the
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25 which it extends fromits supporting outboard colum 25 to the adjacent
centerline colum. Each sleeper also has a retracted position which is

di sposed atwa89®7kl ation to its depl oyed position and i rpcahiseinrbtdie

sl eeper is outside the outboard S|de of t he b|n as defined by the inboard
faces  of the outboard colums; GS. 1B, 4, 7, 11, 12, 17 and
18. Ak shofiame andpe which ongeng of tft%&eéerm%teﬁsmwésr B Sxgmwesitedym emeach
binin ass@@dﬁﬁmmmr&@llmhbmeﬁtd&vehkmm whixtleatirobss rworveréal béaeingtuber58nor e

3 :c egpe; 3 ucﬁxg)fn@ Vgiﬁ%ﬂﬁgmomm %ﬁ% iglgguré glah err%‘ﬁ{of"a{w ﬂ-ﬁerﬁmﬁﬁg@}? %. 1 fa CIPOSed
ors. B t}ﬁ C B AT e R BOP e (8 ERBAL T g ﬁJ thee

sl eepers.
(counfi ng othptvﬂthl typ ofahehlasﬁoclihattwbwmg tttbheeSSedre separeed bf atdbanepfabantd

out board CQJck'éE“ThH‘éE lan%m&rhﬁ‘et@éé%@heﬁ'& aaned SSI;)P&LH%% dp@nlhﬁa&o@ﬁtwh@h% fork

R EART R A i@%ﬁ“ﬁ@éw% & deied Tonb D orie e itien et BRI 18 )

shown i n FAGjacent eachad thost epgpings Bgween o hersiog tdet 1B in ebrlissdeeBer hiwh,isbift 60 is

pref Ier abl %/nd:t§he¥hn sehAREHarh&tripdii3 @pp@siawccaﬁa@me AGEhel ﬁﬁg@ng&{d Bbridofell “é?““%,ﬁﬁd by
an e gate p e ac ase
Aol RO ot BB R D oy DAL TR e SF& SRR SRERFIRRL onE Bty

01/ 23701 Pty wsSowmeroum 2l the amfleréﬁa at%@ﬁ% 1§ ahevoethafip$o m@mmcbmeach s
connect ed. odibearé bsludh 26 @rEoiSacloplpget freuf stahat asinnS Eacledhafesd inanidlytangal | y

oriented s lu?%x}’a?lglxﬁ&ﬁ %uﬁt@d YLe Ebl 25 Gl Sorb M rat 5?5%11%@?@;1%9@ vidibgs S8

in one form | 'ee ngunlgg an c%cem arran I's rnvention;
see FI G | lepgth offhe shafeg FYCPUIHEE gaty Rer%ﬁa%bﬁa%er PhHiS SRmpHsed A€ R

ot her 15 onesthehngatathdadneths otimmon bnd dud ahdiditablied td dreertically hdentalsleeeelitedpb of t he
nghgz mgxltéé&ﬁbé,r)%?zﬁhglﬂmﬁlh!{l%@%:e%&e@e& fuiseR AN LS A ¥hat dBIiSEANE 8100 vRRQAM) 3

thr ough wndio Bep el eSS L SRih I bR Runs o7 BB AR a BB Rk "
vertical, Hdischaagedinat eongeponfing per ofialigped nomhipssencthe shafic in et eakm e sispreni ngs
bet ween th@ss&eaéd wﬂqmﬂb@g&ﬁoﬂkﬁwﬁm@% Sgtiateindvefical Bhafd thd&daft 60. AKkiGRed 1 n

|

Por | 225 ai MRS Y-ARRARG @ﬁ%'bi%b%%ﬂvm%ﬁ%ﬁ%%ﬁﬁe 16988 0pcn
shaft 60 pfadrisrensted ajogs gide gﬁfr%‘ ke bas 4 and dohigh the dewerepdpf the shalt extghdson t o
al | the sl eepersshawmini@u pl akili €A gach secpanbasiait preffatdp sadesdeblovctihg each
80 19 axi oty *’f"?mﬁﬂ?ﬁlpéf‘%“ﬁ@‘*@“ RS Couplel Whjablny LR et B no el o
brackers cgdadEs ) V@Hg‘ dnsts DRART kR B0 Bhe fok B MR Bntiinedy dmit
verti éal | yomm@ewemhe g tubendfinHieadiaeant B J7sintosmprgenent affts proleps in
structure &Eti&ﬁh@)dnbi@hésh@ gothéngha®n Expsgetieth angl faktwehed §Rfiacousktital |y

oriented s| ap nggs,gq%? a?@ﬁdbage L4ReHRR S | {0 %I%pclaéagtb% nl;&@g %{ﬁ&ﬂﬁ%m{“b 7.

The vertlca ree to nove ver
suppor t brﬁ%ﬂ’é@(% by gxiakand apgylar potien eidfethafubrchdurk ean kel diseneased dioactied for k
62 is engageft60n a corresponding pair of aligned notches on the shaft. In

that gmse, the R%fe?&le@fs ma%§ %ﬁ@ée?&r%@ otkich 11 RdicRNPARast Sl 1k b &m@pymc

angul arly r.tical tions of
aach ohat+ [y et oo ARy Ao AoP iR Arouhiit Y gty Read )

whi ch  canbdiderjapdappert bnadwgéﬂsqaa@dtbvi@ rapfiericie msmber P4 Thatsleepenibiiobh mokes I ower
end of t hetﬁﬁ@%ﬁl@ﬁ&@ﬁd&n in tH¥adfb@itBipt Bofabd¥in; the dtha@RReder HepleteEAFIG Sl @EPEN

base fr arreshgl;vgf A 'Esq}l%%y E:h&? MoRRERPa éf’}geﬁaéxqﬂ)m its retracted position to its deployed

35 position is achieved by the foliowing operations:
1. ram 61 is operated to move fork 62 into engagement with the keyway notches 63
in shaft 60;

2. shaft 60 is raised to lift the sleeper out of engagement with its holder 64,
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ram 61, preferably a pneumatic ram which is coupled adjacent the base hub
to a hori 61%%\{ slidable fork 62 which opens toward shaft 60. The fork
is nmovabl e horrtzontally through the 25 opening between Fﬁ@’”ﬁ@é’r”?ﬂg t ubes
58 in the adjacent hub 57 into engagenent of its two legs in the ke vvay
not dhes 63 i M-t heSkai0tis ropairgAle iRehiogsn défeFttPr“k‘hWePh“t"H%m%Wﬁf‘lﬁeﬂﬁb?h%@ s the
correspondi ng sl ekipge arigcht ithes sliafisformatst faised laad tetmcted pasitibh e slrésdeandcan be
nmoved vertically ?{Hj cangylias! v by axi al and angul ar notion of the shaft.
Each fork can, be 36 | sen 8ﬁ‘9 Lﬂ]the shaftrg d3 Rf{gﬁﬁ ?)ells made
to sleeper 3 of EMAEOVISloWATeD P §ansath SeapRido frgistes with dhedepigysd s iRy 11.
Thats sl eeper is i it and © caeserthetherrop o5 iongusrandrggoqvs cgrup;p@pmé:daamaslmmvay
along its length kRed(sedWaGien) @relgappport bracket 64 carried by a racker

si de menber 3§1 plhag{xg l eeQrta).{ed téglﬁgngg tﬁ?ylg% g?ork}c‘f msﬁ%ﬁ%(y%gd position in

theadjacentg her s ThFIG | 1is
shown in its @epl M@%ésqt@%ﬂ intsdireatinn Q?PO%E%‘P the skosen dizeptipp to ey tact ed
position to its d&phtﬁxymg angiibar positiér where it isxedtlyey Belerigygddisterbyltheofotirug the

oper. atIOI’IS I . ?‘&t%@hﬁf*@%% gtﬁaﬁ }gﬁve fork 62 into engagenent with the
t

keymay not ches 63 60 is raised to |lift the sleeper
out of erfoRriMsEnmoysREntiof @ deploy SIB‘?P‘” to_ifsyeipgsteg ositiop involves epsetielly g3 1 3.
shaft 60 reeerseaif dteapeBonal seqaerchdseribefl abowd.i on, t hereby swi ngi ng the sl eeper

about its hifgecontban@hgdntta ﬁ)?ﬁ’)fsien{ rm;sfefe;amynaa&&gl s@@&swlﬁlﬁﬂbm wWhRSi tion
to a raised.a t.o,cause the

P eaner traowgﬁgf%e&aﬁ‘w%@ﬂawf“ SoslleePet 3 eoet ot S BTy - SR 2oL o1 e
chevfon chatpolydhecprepedslegporsee cogaaed with andmeted by Bhafts 6o gt any timp dvringfleading (see
FIG 14) drenRad@iages drill pipeitdior fioin QR pipe drdge bitk SHfongend g0, cae pemore f or k

{7 om shaldeclls m%@gt Rils t§§€p1sy &% deftadt Wndd @Q%rt?&décf‘ﬂ% geraéﬁs'a@ne@ag}g Sighfl 10 the

chosen diT® Its startin

ready to ipgroYifgditne |°aretéq1 SW“P Ffbpﬁ%?nﬁ t}&f"rﬂnﬁé“ seﬂ’)‘c‘h@%l IHY’EfH@sR‘P“s‘F’é‘EB’Sr al ong
t hat shafslecpétpositionihy jssuaohas teert addfessedd dipis preatred te gpdex thecet ¢fsleepdrs forhed
posiygi on l@ﬁqgﬁgfggg@,pﬁﬁ@nl y the reverse of the operati onal sequence
descri bed abo t.r ol tem cl udes
sensors and i ﬁfGétl;{gl% enﬁﬁt 0rfr‘tr)nnl etq%hemrg‘é b?eys%[eg%-ﬁ ée?)gr([) @”Eéf]g‘pof each
sl eeper i Fhatgromepy péthe slserey basg cpahles thghinggftrusiutes shpw which thebasesswing ashe
proper sImesledfp'érsaﬂicﬁxe@Bg\&gxedxewdbﬂﬂoyﬁddtnmmd)yoskbm ttcsbﬁmcaéd aijaceﬁtltmmurl ng
0adi g obu bt RRHAGs B offbbart cBlfifs 39Withehokte, Whdh mxefeiasa: HaBRE oty "

ot Aot e et e sdensiphelirbe i W Bridhaioed el %/dss%ﬁ%w ded

to the cobasmmlsa,rewmetadjapmv@nmnsmaﬁh@lv@pdrwxmdmmdmmrombrbmgdp| pe
until thespaSthe8pRE bERBéd the Bbri@pirdsigouttaardkermnaad tRysle@d cértericlupinef erred to

index the Set g 131 SEPRESs bl a BracBs G BcdrAUR Rim P ik Ul 3P Bach
sleeper base frame to a point on the sleeper which is near its midlength. Braces 65 can lie in
30 planes between the upper and lower surfaces of the sleepers and so will not interfere with the drill
pipe lengths racked on the deployed sleepers.
FIGs. 5 and 12, e.g., show how the odd and even numbered sleepers in each sleeper set
interdigitate in their deployed positions.
Each bridge crane lift column 45 preferably is driven vertically, in one method, by a pair
35 of drive motors 67 (see FIG. 4, e.g.) which drive pinions meshed with a respective one of a pair
of racks which are carried along opposite sides of the lift columns. Alternately, the lift columns
maybe raised and lowered by a single shaft having three pinions to engage the corresponding
racks on the three lift columns.
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FIG 11 shows the benefit of nounting each novabl e sl eeper 38 to an

L- shaped base 54. That geonetry of the sl eeper base enabl es the hinge

st ruct ur es, WaBH#0iwhi ch t he bases swing as the sl eepers movEs@avseen their
depl oyed and retracted positions, to be Iocat ed adj acent to the outboard

corners of the out oare col.umm EP en t.he sl egpers _are
retragzt ed, the adrral% vgtfit 15 e(%‘ﬂ%’le e Cm %bﬁ'%'/\yg “rflpocf S%’f%rpaﬁ}ore ewes When

they are deéqre;ew abphidhq cusTsAiROEtien efepe)rbndseee@e 3Rr a3p’*ﬂd pauhge V‘Ffécaé?.ﬁsé’@é nt
col utm so bftad pibbkftiag Reyden Beapddbydadh widgy ertse lyis a0 iapdriad) ehabalhiifageimmspan

cotump. 1 & - 8l op QR EPRMLD R SlaRR B ié“%‘?%@“"“@ e

unhi nged eHEP"é‘Fee@é%‘Pf eactybEdgRTrans R ePeraied 1 clps synchEnism. SHnhERmEReABARISAR| ch i s
near its minfdrengtdsigidtsgretrably acagentraed by eacBlifmohmnesdrive meelenistriead bppash and

lover surfgegs Qnetiex 24 @6 %%F&Qt‘éd Snde 'sionaler:ad &tg%ér%@ 1%1&1“&%?5 dFdr' !
pi pe Iengths r c ed Qn the d

e er S.
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Al t er nat el {Pperetinn ofithe switshemsieng Hhagieee fads eracdeaisrd tp oarkediegllp yesat B¢ engpdershaf t
havi ng thr %me cwnmlmm bOsvEiftf3{gaalt Bel eosdeesigmilcian grovideGlgh pstisidhdnformation | i f t

Chat T e oasbu e Rkt tebelebly oPHPRAS M e pigliciOhGRE ARy dd e, S 101 ©
curreht pogwqhwrefene%e i 8@}%‘3‘16? éhﬁélﬁsfﬁlungeiraﬁﬂwéw&roneﬁéh%?tfqné af e "

position edvetsheolpmpein éakh icrage hehtbsprdvide highipesdiston infaahationiatige thy eardeal [t i s

al so irrpor%J]é)_,‘mantgkg@{e&&{HL3 Iﬂlgethfgéphémps on a bridge crane be operated in
cl ose synchroni_sm dtru%ks 44ﬂ%tothe50 osite

ohas of oach. bSPERS BPakst helg edtat b yBanth et febr il o1 ng
and posi t i Eambinifechadisposisios pgthalslsemrsemé thebylkpown éeigie rvathgheveringl positieniof f t
col unmp dri ’&ﬁ 1ifRG Rk mmnbw@ﬁ@tﬁbn 19 bdcU@R RO tHeleHicA i ddRYnd b the

2 ordge clanRny SLARRlRIERh: M BFRARIRTH dddpct A IX‘?rFf%ﬂé‘fﬁﬁm%ee%%%ﬁQoper ate

swi t ches Mieassosinied wirh them sapsorgviachare efiesibve to séat% e gresege pf nepsapne! e ihie k
noves, r ot sitepers odbn treeoppipe standd seppertddbyshadleéepersan operate an encoder. The

Crane. can bo. o oRs GENR Bldg0ames sh33 Lintabenedrd oﬁt%‘% Poidoriogise o 1 °
ha s Phions SomE RS o B Bstiamn s el 1ot sifenh Bl D ReR Aoyt PEe SRR e 1 o
peri odi cal When 8sstanehare stowedidheslift coltmansdonthé eramds oan bﬁloswed tohessantjailyl fulband
encoder si gépaius ﬁﬁﬁ\ﬁh@&ﬁ)&é @}assmag&g k@dnGésOdhdi thkRy. Rt th@tond@Ben tthd Bgne I@EAL 1 ON
traversel yccﬁum% N&nd &% cu?res éilﬂedoﬂé%e %w‘}e? Eﬁdé'b‘?%j?%&ﬁw%? rgan%% U&Fegcfrro jne.

Simlar 15 hes rrves to

synchroni z BCI@HIQE%?WW b@mgewect%w?%vpr ke A% whish srséasaliy extend quivardly
provi 8@ hi fbmphe cackerosidasnf Trisrstbiagen akibiyubr theebrides tiaoes andpbeil tiftanlvommstihe

crane's pi pedidifyt READNBAHS conth bERG DS %ﬂr ab @ aMakifpeveddep CMREBerGR el R Cat e
V\/netherasleerlsd l.o Q?rJQ ab? ed
conditions may m it gru enf and desirable (6 discontinue drilling operations for a time.
During that time, the cranes are stowed as described and their lift columns are secured from
pendulous motions which otherwise could result in damage to them or to other components of
35 the racker.
FIGs. 8 and 9 respectively are top plan and side elevation views of skate cart 18. The
skate cart has an elongate horizontal, rather narrow truss-like frame 70 shown in FIG. 8. At

spaced locations along its sides, frame 70 is supported by wheels which run captively in tracks
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Conbi ning the disposition of the sleepers and their known height with the
vertical position of 20 the lift colums is sufficient information to
accur at el @%E?PFon the vertical lift colums and the naB@BUSW~2MEAdS t O
pick up or set down pipe in the sleepers. Also, it is preferred that the
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preferably is coupled to the pin cart by a cable loop which is arranged for powered movement of
the pin cart in either direction along the skate cart. The pin cart defines a rearwardly and
35 upwardly open receptacle into which the pin end of pipe stand 43 can fit. The pin cart is capable
of accepting a substantial vertical load from a pipe stand as the stand moves from a horizontal
position on the skate to a nearly vertical position in the derrick, or vice versa. The pin cart drive
preferably includes a brake and an overrunning clutch which permits the pin cart to be moved,
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engaged in a pipe elevator and raised in the rig derrick above the rig
floor in the course of noving the pipe stand fromracker 11 into
connect i on WPPH2¥He upper end of a pipe string supported atougooathae wel |
centerline substantially at or above the rig floor. The pipe stop cones
into effect when 20, the 49 on t skate cart als
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towar d t hecartjspah cfgrovermens. Aaardsilt. thernin trridsan meve withia thedensth afleslew}iftwhen
t he 80X endedhbnisrh leths bartchehios ehbemhd :ﬂ&teeﬁhfnwpm dart ca@ bé pasitionbewitkiatheend of

the low i nter of
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pneumat i ¢ r anslnzéditise® thd fipe stabdperd3 gt thdhevardmergit®f theeigfioont 7ad harndle a pipe

stand moving between the rig floor and pipe racker 11, a high lift mechanism 80 also is present

35 there, preferably attached to the pipe stabber. Also there, adjacent to the pipe stabber, and also

on the opposite side of the path along which the pipe stand moves, is a pipe guard 132 to contain
pipe in the pipe path. See FIGs. 15 and 16. The high lift 80 can be used to advantage during
drilling operations. During drilling operations, the drili pipe string can be held by a top drive unit
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mounted for slidable movement within the sleeper base. The sleeper base has a terminal hub 57,

which surrounds the shaft and mounts the base to the shaft for rotation about and axial movement

-18-
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95 pr ef er aRpyf hBBhkle pipd séckidfland a mechanical safety latch 105 associated with the magnetic
lift head can be engaged around and below the dummy pipe section. Such forms of contact with
the durnmy pipe section cooperate to lock the lower end of the lift column to the dummy pipe
35 section. A drill pipe dummy section preferably is provided fro each lifting head in each bridge
crane at spaced locations along the outboard sides of the racker base.
FIGs. 21-23 show details of a presently preferred magnetic lift unit or head 47, several
of which are carried by each racker bridge crane spreader bar 46 at spaced locations along the bar.
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35 FIG. 21.
Each latch assembly 105 (see FIG. 22) is a backup mechanical holder and safety

mechanism in the lift head; it is not relied upon, during normal operation of system 10, to support

a pipe stand being transported by a racker bridge crane. The several magnet assemblies carried
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both for delivery of stands to the drill floor and removal of stands from the drill floor, using both
bridge cranes in synchronism. The bridge cranes have a nominal working speed of 60 to 75 feet
35 per minute when fully loaded, and aiso a low speed mode in the range of 2 to 4 from when
subjected to side forces of 0.5g opposing crane motion. When subjected to opposing side loads
in the range of 0.5 to 1.0g, the crane drives may stall but they hold the cranes in position. The
vertical drive mechanisms of the cranes have a nominal operating speed of 75 to 90 feet per
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preferably are also provided to the crane control programming pertinent to the sleeper control

35 interlock.
The skate cart and pin cart drive rates are defined consistent with the one per minute pipe
stand delivery/recovery rate. The skate drive preferably is operable to produce skate speeds up
10 450 feet per minute and to accelerate from a dead stop to full speed in 4 seconds. The pin cart
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pref er abl Mmmsof%¢@10m¢M§ he crane control progranming pertinent to
the sl eeper control 35 interlock. The skate cart and pin cart drive rates
are defined consistent with the one per mnute pipe stand
delivery/recovery rate. The skate drive preferably is operable to produce
skate speeds up to 450 feet per mnute and to accelerate froma dead stop
to fuld speed in 4 seconds. The pin cart -22 W 01123701 PCTI USOQ 27043 1
drive preferably is operable to produce pin cart speeds up to 600 feet per
m nute, and to accelerate the pin cart when unloaded froma dead stop to
full speed in 2 seconds. The pin cart
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Control Functions and Cperator Interface for the Pipe Racker Cbntrol
Consoll @ Table I
Control Functions and Operator Interface for the Pipe Racker Control
Console
Control Function Operator Action/Response Priority
15 Interface
Skate Drive Proportional Left-Skate moves left Backup Control
Joystick Center-Skate Stops Maintenance
Right-Skate moves right | (Duplicate)
Skate Emergency Push-pull button Push-Set Skate brake Primary Control
20 Stop Pull-Release skate brake | Shared
{(Duplicate)
Port Bridge Crane Push and hold Push “UP” to raise crane | Backup control
pipe pickup & buttons and Release “UP” to stop Pipe Transfer
release at skate rocker switch Push “DOWN” to lower | Maintenance
25 crane {Duplicate)
Release “DOWN?” to stop
Rock to “P” - Pick pipe
Rock to “R” - to release
pipe
30 Stbd Bridge Crane | Push and hold Push “UP” to raise crane | Backup control
pipe buttons and rocker | Release “UP” to stop Pipe Transfer
pickup/release at switch Push “DOWN” to lower | Maintenance
skate crane (Duplicate)
Release “DOWN?” 10 stop
35 Rock to “P” - Pick pipe
Rock to “R” - to release
pipe
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racker to transfer position manual operations 15 which duplicate
automatic__control functions 20 25 30 35 -27 WO 01/23701 PCT/ USO0/ 27043
1 CLAI M8 WOOR2HPY 11 pipe storage apparatus conprising: RETNSI2HEDHr age bin,
5 hori zoeigh%ﬁi pe support nmenbers disposable in the bin at plural spaced
stations g the length of the bin for individually supporting plural
hori zontal |engths of drill pipe in an array of plural vertically spaced
| ayers and of]. pl uaakilllpiiegtdiagecipatatub torpridingt N each | ayer, and sel ectively
operabl e drive ma%ﬁgggtg{%egﬁn_nect ed to the pipe support nenbers and

e nentje

operabl e to nove rs’individual |y between depl oyed posjtions in

whi &h t he suppor t horizgntalRipe SUPPRT & efsrflég/p&f‘ai’iwnéli‘f'db‘?éf P]é@?é&cﬁ{ﬁtﬂqnﬁns in
whi ch t heloag thedergtinefithebis fariedividoaiyeoipporting plutabherizonty] lefgthsgfjsini lptinesin

accor di ngn b9ayCdfHluihilvetttadd ifabed 1BRerPANASf HHIPA WrigthdBIASI ?ip@hﬁ'ea@l‘i L9&aoad to
support the pipe Iingﬁgs Wa;blilo I subj ec 'n&{,r%nt\é {%llge. ength to Ioadg due to
pi pe and support SSIE HERBRTE T HEF BEEHIESROTE 4 ??lp%s_}lm%qeﬁsan

accor di ngperable foanayel the mepiberstindividualty herwass deplayndnositiprsip avhieh the aunport st at i on

as ¢@r i efdndersarddh theBRBanddificRa pbsititind BYwifi¢HIROSubpdTeRbRberddre tdifoved fadrh On  when
di sposed i in _the array is engaged with and supported on the support nenber

bel ow i t.thefﬁraﬁ Appar atus according to claim3 in which the pipe support

menbers when engaged w th each other are keyed agai nst rel ative novenent
i n direction.al oagpgratpeadcandijighs clainp p dn tvbidh therpifietsapirnmedbers are Aprgragedit us

accor di ng, &@pg& ﬁ.legs‘rilgel 1%%H¥¥iﬁﬁuﬁﬁﬁﬂf@d§ﬁy$%99fgﬁ 18IS budBpigfieRd bippB  UPPET

part _thereo Lald iy, upwardly opén notches sized in cooperation with
t hel¥er t Fembets thereboyeimthe Y n yr  of "t he support menber thereabove in the
array to receive in each notch a respective pipe length of selected

g! anet Ier Wi t hpUL Aﬁﬁér%ﬁi ad@brdirgQo piaie 1 lirewhich ﬂﬂl&\herfnblgt sEpROnEmberRNERH e o

I rect er eabove. . 6, . he pipe

fecel Vi % &ﬁ%q %%cggneﬁg\x}éx%ln%aséagééﬁh YihePEHBER hidfibki %t ﬁxe%{_aﬁbr?whé}x oGl ih he pip
e array is engaged with and supported on the support member below it.

20
4. Apparatus according to claim 3 in which the pipe support members when engaged

with each other are keyed against relative movement in directions along pipe lengths supported
in the bin.

25 5. Apparatus according to claim 3 in which each pipe support member defines in an
upper part thereof a plurality of upwardly open notches sized in cooperation with the vertically
adjacent contour of the support member thereabove in the array to receive in each notch a
respective pipe length of selected diameter without contact of the pipe length with the support
member directly thereabove.

30
6. Apparatus according to claim 5 in which the pipe receiving notches have

substantially straight sloping sides.

7. Apparatus according to claim 1 in which the pipe support member drive
35 mechanisms are operable to turn the support members about vertical axes located outside the

array.
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substantially straight sloping sides. 7. Apparatus according to claiml in
whi ch the pj e agﬁgort menber drive 35 mechanisns are operable to turn the
support ne 4 ut vertical axes |located outside the HGTAE00/27043 || "]
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toclaim7 in Wmﬁ’f? drive chani sms are operable to lift" and | ower
the pipe sdPHEFHET FEPRESEPPO m rr%?Sﬁ‘at us according to claim7 in which the
drive nechanisnms include at each 5 station a rotatable vertical shaft with

whi CE i s assocrzll @t ed AQpAFht0d RecBiiding] tB@la&Hpﬂﬁrv\ihzdﬁ&Hé)&f\% rﬁ@:ﬁﬁﬂsf mssluawa elgnber
in t gro avl A] atft ro SSesS,

a co(épl [ nQSPang?%cQt%q{i/bg? ?e%éc%l %‘agg'gﬁh% 3 %\%@gﬂtg &Jp o?nge bt 80 n%érg Q%nd t he
shaft for SR, member fethg E@PP h@\ﬁ@ﬁﬁwldaffarr&rfhmgfawhwb theg %m@t%abbepwwort

nenber, andogpliRatiecticiywngapessiabir@ednaacht pibatipper mehbersha e shafSRk eeame@
amount i n %Vé]éﬂgﬁfrgﬂﬁﬁﬁﬁzﬁ]dnggaﬁ%‘?&&e gﬁ&)?sﬁﬁlﬁmgﬁ}@er dashs el %:a%fé?&rr&bz

claim9 in I S axl eac pI'pe sup ort
menber, eadhe BB8ligisplaged anyPkingHPE f%‘i“%é\%‘ﬂ’ﬁi‘tﬁ@’“i he associ ated pi pe support
menberld from axial notion of the shaft relative thereto, and the shaft
drive i s operabjge f E:e{rﬁhﬂcgé?dﬁg@’o clixﬁx"ﬁﬁ Wﬂgzhttlﬂ%pla?’{@é%xalg :ﬁ@x‘aﬁﬁktﬁgu mnt 15

11. Apparatus acco al.m9 1 ncludln r.eac D
Terber i ¢ PSR TG G GP PG ROBFTVE K schtﬁgweﬁwaev B
posi tion. Ifm agpanctionsf thecbeald ralpjive therdtaiand gleushaﬁ/m\cchs tpezabid foe radtiggoandt
menbers at 18@&thgthdhbR A seldfedCiiRhi. Ses two groups of novabl e support
merrbewﬁ al ternate support nenbers being nmenbers of a respective group
with ich is associated a respective one of a_ pair_ of vertical shafts. 13.
Appar at us accor Hi- ngAppargpsacaerdmgiiaclaim Thclugdies g H@ﬁf’@@f’faﬁﬂc@%’@ho%maﬁ’% Withr e

di sposed athich thesappor: siethberds ergageableiin it2trdoted ppifat.at us according to claim
12 in which the pipe support nenbers in one group have retracted positions
in which they e tenggln one di.rectiqn fro E e station su stantlall%
parallel to the ParafiR pCPQIing (4 L) 1 WO BIS BIPE STRAD IeTDETs 21 $7ER LB

gr oup 28xt erdmprisea twogpasiof movablessporionenitreomaltehratestipparonenshebatictng triesdbbg

paral l el tqrhhap &El(l@?}‘ouﬁ@ltﬂ-&hmﬁﬁm&ﬁaﬁi a964pedtive Bk 41Q alrd¥ Yerdeal saawhi ch the
depl oyed positions of the pipe support nenbers at each station are in a
common vertical plane disposed transversely of the array, and each support
nmenber above t he-| ofEpasBys acefaing &0 deippr ipihithihegaya¢ach tiop ae disposspor t
menber s belspavcaorhmon side of the bin.

25

14.  Apparatus according to claim 12 in which the pipe support members in one group
have retracted positions in which they extend in one direction from the station substantially
parallel to the array, and retracted pipe support members in the other group extend in an opposite
direction from the station substantially parallel to the array.

30

15.  Apparatus according to claim 12 in which the deployed positions of the pipe
support members at each station are in a common vertical plane disposed transversely of the
array, and each support member above the lowermost one is supportively engaged with the
support members below it.

35

16.  Apparatus according to claim 1 including a pipe lifter disposable above the array
and operable to move individual pipe lengths in a horizontal attitude between the array and a
transfer position laterally of the array.
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35 16. Apparatus according to claim1l including a pipe lifter disposable
above t hewgy¢igdhe: and operabl e to nove individual pipe quc;l%ﬂps in a
horizontal attitude between the array and a transfer posi Y1043 erally of
the array. 1111111111111212112111111111111 -29 ¢ M8 This Sheet Has Been

Repl aced 111111 JAdphiatsbidotdink/toaBigll6is vhich PEPinedTe niptBesda tridge dpmar at us
accor di Nghah@ng tHRi1ERgHPof the B afdmbbdidirRBvdriely Rlati¢ORRAd Sigs @ bridge crane
spanning the Tength of the bin and novabl e transversely relative to the
bin. 18. Apparatus according to claim16 in which the pipe lifter includes
a plurality dB SARrertysgickyBing toralgimed ¢ én whigle thejpipe liftar ircludeg agbusiteofii t h a
pi p® | engddiroldblepagrdc bipe ditiuvaiSenghgeable With a pipe Nigth at dfhcedppaions disngaks or di ng
to cl ai ”H:%hi n which each pipe lift unit conprises plural permanent
magnets and a sel ectively operabl e degausser. 10 20. Apparatus according to
claim18 in which each pipe lift unit includes a backup nechanical hol der
sel ecti vel y dAgagepdatatusvdctdrdmgdo reidire d8ab véhidhreanh pippilifieudiecmptprises?iural

Appar at Userfafdh flafiktd MdGl sBleBlivk dpdrapftidefakte pipe lift units are supported
on 15" comon carrier. 22. Apparatus according to claim21 in which the
briﬁbe crane has a stowed position spaced laterally fromthe bin in which
pi pe lift uni2s zhrpasatusiacedrtiingtto claim U8 inuwkich gachpipedyie unitjockudesor bacly t i on of
the bin. m@hagiZal HORRAEMCHISeIR eRgHEbOwitIDardl reled¥hid from afipERngthe conmmon carri er
for the pipe lift units is novable vertically relative to the bridge crane
via a plurality of colum nenbers drivable vertically of the crane. 25 24.
Appar at us ac@dr diARparasaceeriing 3o plaimh$ sywhiphothe pipehift waitsase supreried apet t i cal | y
spat$d gtomiasn ¢diriéthe bri dge crane arranged to constrain the colum nenbers
to nmotion substantially only normal relative to the crane. 25. Apparatus
according to,_claim 16 in which the bhin is.spaced in a directign .30
substanti al | 8'par Ragatus;25cqring F%‘H@'F‘r#ldf’ “?'H’z ﬂEﬁCl?‘Y‘%SF W%hﬁflaa?wegﬂ”%’é@ of pipe
| engt hs, spaell lataxallyfiomghe in jni vechoapd liftunits ane s¢eurableno stoxctunes\at aigweriegteriom a

hori zont gértigh bf the'sia. bet ween a transfer position adjacent the bin and the
pl age of pipe use, the pipe delivery nechanismincludes a track extending
fromthe transfer position toward. the, pl.ace of pipe use, 35 26. Apparatus
accordi ng t o281 aiARPECRtySEesrdingtp clim &l Brigushdhecompmonarir fopthepipe fiffugitich of

t wo oppois mevabilenecicabiy selative ng thelbeidge crete tina ahuthlity ofeditren memberk drivabdsi ti on,

the carr gy inaQrae. | ength adequate to support a pipe length in
alignnent therewith at one end of the pipe I ength and

25 24.  Apparatus according to claim 23 in which the column members have vertically

spaced guides in the bridge crane arranged to constrain the column members to motion
substantially only normal relative to the crane.

25. Apparatus according to claim 16 in which the bin is spaced in a direction

30 substantially parallel to the length of the bin from a place of use of pipe lengths, and including

a pipe delivery mechanism for moving pipe in a horizontal attitude between a transfer position

adjacent the bin and the place of pipe use, the pipe delivery mechanism includes a track
extending from the transfer position toward the place of pipe use.

35 26.  Apparatus according to claim 25 including an elongate carriage drivable in each of
two opposite directions along the track to and from the transfer position, the carriage having a
length adequate to support a pipe length in alignment therewith at one end of the pipe length and
at a location along the pipe length near its other end.
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at a location along the pipe length near its other end.
[11112112112111111111211111111 _30_ This Sheet Has Been Repl aced
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according to claim26 including a cart drivable in each of two opposite
directions along the length of the carriage, the cart defining an upwardly
open tecept acl @91‘ or APRAERYE E\‘PF‘H@"&F&FI%’@%@?%“‘{‘W BREERe igrach °§?"b‘b°ﬂp8 §t h
support ed diedtioss slang thadengtibof2Be cabqypay tht ot defmirgimupwaally bpenre@ptatiaddrudi ng
a pipe sup : i nearest the place
of pipe usg&%%’?{g%gég%eir{gg%%E)dc:r)lgfﬁéao%%e?mﬁtp%@.&%ﬁaﬁ%ggr atus accordi ng
to claim28 in which the roller has a |arger dianeter in its ends than
betweén its end8. 18p3oatuyaspadiag wslaim dindludigg & pipe buppont @8ed masinted iatthe ead

sel ecti vel yr gpesRRtEndatell théBaRaT b usd kAN REIE REHARE 4@, | er and the
carriage operable Tor controllably raising and lowering the roller
relative to the carriage. 15 31. Agggrajtus_accordi ng to claim30 in which
the roller |ift29%mechppargsdceordingiosioad2din whitheheralierhaspdargerdiagieter indts padsh  of
the cart alligR®etdren Ragndsage. 32. Apparatus according to any one of clains
25-31.5n which the place of pipe use is a well drilling facility which

i ncl u&gs a drilling operations platform, 6 20 33. Apparatus according to
claim 32 in whi3®h tHBPargtusaecording tRdaimms la‘FlP‘i}n%%)Eﬂl?&ﬁ%ﬁly owerable lifhwedhaippi ng
oper at i ons nphuakl beweeSike roiepardahd srriage opatabigfor cormdotiably Bisingmndduvweking the
drilling fagjdl Lb.¥l . on a 25 floatable offshore drilling
structure. ngt %gg?oa‘{hgg%g%brdi ng to claim 34 including a second pi pe
storage bin disposed in proximte parallel relation to the transfer
positiidn. 30 361. A Appardtugricgmdisg terckedfe 38 rwitielndie rallgr lifppechanisms isfdisposgdwp| |
drilling rius eRRERE bftiofthe pathlof aklca® XosN Mk B&ribgeOom one end adj acent the
drilling rig to an opposite end renote fromthe rig, an elongate carri age
adapted to travel along the track and to receive a length of drill pipe

di sposed | ongi t38di nAPpajaty§ acpordigg feany opeokgiaime 23 k inaeick e Baparfivireas¢igcei ved
pi pe | engt & vall drilmgSplie dvhichdadiidens diillies epdralogs platf@ipe st or age bi n di sposed
| aterghly of one end of the track including horizontal pipe support

menber's cooperatively configured for individuglly supportin |.ural .| engt hs
ordri 1T pipe D anABRFa BOERAR DR HHER e bolE Py oBHEsE B ang

pl ural | engfterdridingpipprations eafobm) ayer, 1111111E 1111111111111111111111 - 31-
This Sheet Has Been Replaced CL MS * Il 1211111111111111

34.  Apparatus according to claim 32 in which the drilling facility is located on a
25 floatable offshore drilling structure.

35.  Apparatus according to claim 34 including a second pipe storage bin disposed in
proximate parallel relation to the transfer position.

30 36. A drill pipe storage and handling apparatus for a well drilling rig comprising:
a track extending from one end adjacent the drilling rig to an opposite end remote
from the rig,
an elongate carriage adapted to travel along the track and to receive a length of drill
pipe disposed longitudinally with respect to the track and to support a received pipe length at
35 spaced locations therealong,
a pipe storage bin disposed laterally of one end of the track including horizontal
pipe support members cooperatively configured for individually supporting plural lengths of drill
pipe in an array of plural vertically spaced layers of pipe and plural length of pipe in each layer,
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WO 01/ 23701 PCTI USOQQO 27043 the pipe support nenbers above the bottom | ayer
being in bet ween depl oyed positions in and tran ely of the
array an§&$®%%§gted positions outside the array, a noveié&é%$1 Eifter
di sposabl e above the bin operable to nove individual pipe |engths between
t hel ar r athe aipe stppertaesmticsspbovethe pottonp verheing indexahlelbstyeancieployedposgions; whi ch
the carri a0 uhietiele of e RirRParld bir@cdqfositions outsidk thdirgent the drilling rig

ble to lift th ' ' ' - d
0 st ance. above. { fRCsR P BipE MheitheSibl e BV ftbofiBe c BRK Bafucdl il =
whi ch ealehgths batweanrihe arayp8d thesariaghd and a box end, the pipe lengths are

di sposed in the array with their pin ends renote fromthe drilling rig,

and i ncl udingya_ ot ARUBRGnidiHin 6in i AOGrAMBRIARL ShipslRRAL Y NO Lhe
pin end of a’recei e,cf, pl pe f qt 15 39. A$ atus %c.co#dl tlo CA aim 38
P whi ¢ herddingent fedgdined e AReTRBIse 15 (5 AgeEHRS i o gecevaR BIPE (R B spiors

dri vabl edistansepbovecthe earriagege. 40. Apparatus according to claim 36 in which

the track and the carriage are common to and are di sposed between a pair

of simlar bips. 20 41. ratus.acgeording to clai | | pi pe
i fi%r s opégabl %W?S@%’Q p é"‘?ﬁ“é‘%t"h_"sﬁ“ﬁg?a\%gg‘ﬁe %P%é?gs iﬁ%x\@n}’g‘g?h&
car r i ageend}the piperfengtiscarodispasest inthe &1dy wiffutheiagingady remetel fromythe drilinggig; si ng
the st epgndihcli@ing  eiH mbiaple aldng thesanrhige gdapted Ghraappoting iveysin eraf of pirgeeivb@ngt hs,
as a first g&g&?m | ayer thereof, individually in upwardly open notches in
t he uppePP& s of a set of pipe supports di sposed transversely of the
pi pe lengths at stations spaced along the I engths, and horizontally

di sppsi ng f uvherAppardnesraecading i gaim 38rig whichitie daniaghis drisabi¢ dlang the trackc hed

pi pe S“pMﬁxeﬁﬁédeb?&@Q?ﬁ%th%&ﬂaﬁ ation atop the supports therebelow to

plura

Create an array o ayers of plural nunbers of pipe | engths, and

rai sing and 30 | owering individual pipe |lengths directly fromand to

recei vi ng not%hesApWquréiég&ﬁiﬁmiém which thertiack 3pd the GaEIagATRFIRMED ¢l ai m
42 i ncl ugl DA Sedikgdseibetdiien 2 paIp Of Similerbigg.s so that each pipe length in the
arrﬂ% makes contact only with the surfaces of the upwardly open notches of

t he™pi pe supports inmediately bel QW‘{[O'E}_ i n, f{g arr .. 35 44I The net hod
accor di ng t o 4t ai ApPeesatusAceording fp ¢l Ft‘ﬁ‘éﬁth & R IfFer (RRPETRBIe AR mAVERIPC (of
pi pe supjagths betoeeretithachie dndothe carriages out of the array upon renoval of all
pi pe lengths fromthe -32- This Sheet Has Been Replaced 111111 11111

SRR I42'. | l\lnlxelt}lold ol’ sltc|>rlnlg| oilla.ui %&s Vllélll drilll pliﬂe cunHisinthé'steps of horizontally
25 disposing a selected number of pipe lengths, as a first bottom layer thereof, individually in
upwardly open notches in the upper extents of a set of pipe supports disposed transversely of the
pipe lengths at stations spaced along the lengths, and horizontally disposing further numbers of
pipe lengths in further similarly notched pipe support sets placed at each station atop the supports
therebelow to create an array of plural layers of plural numbers of pipe lengths, and raising and

30 lowering individual pipe lengths directly from and to receiving notches in the pipe supports.

43. The method according to claim 42 including defining the support members so that
each pipe length in the array makes contact only with the surfaces of the upwardly open notches
of the pipe supports immediately below it in the array.

35

44. The method according to claim 42 including the further step of moving each set of
pipe supports to retracted positions out of the array upon removal of all pipe lengths from the
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NYC? 01/ 23701 PCT/i3S(c){3/27043 | |ayer supported by that set to expose
the next 1o r&) gr in the array, and noving the next upper set of
supports in 5%% yed positions in the array on filling ®Gryses/r7843gt h

| ayer in the array. 45. The nmethod according to claim44 in which noving
the pipe supports from5 deployed positions to retracted positions includes
rai si hg t héaygesypearied by thepsst togxpase themex dnweskayer inihe Aruhandyngifes thenexherebel ow
in the arra.of swpbgs e @akied pistidds Bithpatdy dadillimavigd eyt Boettin g2 axy.s  at
an end of the support, and | owering the raised and swng supports into

hol ders therefor |located outside the array. 10 46. The nethod accqrding to
claim45 in whith nb¥ A§hesecyrdes é%ﬁ%‘?(’fé ip pvgich mevipg diecBipp SRPPTIH et o
depl ogjed pdepidyeadmsitiond todemepe pbsitians g hitdeeraisingahsdepivlyed aupporef out becontact

oper at i ons vﬂasﬁershpfo@tsmaeeaaw thQarky, SN AROPARUANGRor ibfizontd1§ aB&LE BOLis

according to cl ch rail I vi dual rom 15 t he
o1 pe. Sup o & e PR AR N 13 B B GV H e DA t@ sfptlitated

| ocat i ons abisidg thelrgrayength by a plurality of magnetic |ift heads and
raising the lift heads in substantial unison. 48. The nethod accor di ng to

cl ai 2 in whi wer i_ndi hs t.o orts

i ncl udes hori zo taI ﬁf ﬁ‘g%raf‘f"ﬁ n%yopf:lﬁjé)n Pgﬁ r'BRY: %&F&‘&?&‘%&’%ﬁﬁ Rity
of 20 magnettacied | Hopitionse teddepdayed pasitiens @elaﬂ%mfoammaghw meverse 9 emehgf He

| ower i ng t RPerhiids dBseabal i Rlafit BS irvdrad segith&on to pl ace the pipe length in
aligned notches in a set of pipe supports, and nulling the negnetic fields
of the lift heads. 49. The nethod according to claim42 in which raising a
pipe length frdfhit ep‘i“B%Od Frodipg Ao Flpim ?%@I%‘é’s‘aﬁ%ﬂ%"‘#%mﬁ? FEEPRAPh i n a
hori zoht al tetpipetsupberts imphnl¢deagagingapinedengthstont abowd at spau@hmatmmaloaodmiangtage -
movabl e al 94 phhf) br REURGERE hidds NG rakdMeAhd Bk hifs I\GbRhdi@Vunidofe carriage
supporting the pipe |length at spaced | ocati ons al ong the pipe |ength. 50.
The net hod according to claim49 including raising an end one of the

| ocations of 3. ca¥fid mgfeodsagnyding togiaim A2inpyhich lpwdrmgiindivides! pihelesgthytpthge upon
rmverrent OfigehRpsofsrihcigs tharifontily @GHREkingd Bipe 16ligiPiras @lotd Gind flraBfyrafy, the

sel ect, lg%%ﬁefn%@i'ft@lgzgcﬁﬁﬁgge&fog%om ilé;h(g tﬁ({ﬁ?&%x@{ 1dwed ?ihg ﬁfl ﬁéa%@igtsg'os%@@ the

carr|age accor I.age has

two | ocat i §RigoHI0 plags the pige %ng@fm Igheg dofcheingf %ﬁ gfaagealapﬁﬁ agth nullipgthg f

whi ch i s r alagedvicdictdslofithe Vi& leadst he carriage, the other of which is novable
al ong the carriage and is adapted to support an end of the pipe Iength
11111121112111 1111111 3 .This eet s .Been Re ed * CL MS *
J 1111111 111114% “F%L% ‘i‘“\?\ﬁgl /t%ﬁi%’izc"gé‘r?" %%ﬁ@‘l’iq@ﬁ&‘ ‘%”?ré‘f* RBE for
stori &g, havmmorts gmhlémnwvg Hy nips lenpgth inpehorizonigisasitnda from tha artsy do astate of
drilling risgopda\bniCcadiagé blohvitMgalones pith efisceh ©Qhd p&rhmem@tﬂacadaﬁqmm 8g the

oper ati ons ‘gporag%épa% I?n%ﬁ Qt@gac%logétidnlz alBh ?{5 é y from an i ndi vi dual

hori zont al n-an array orage positions, 5
placing the lifted stand on a carri age arranged to support the pl aced st and

at spaced 50. The method according to claim 49 including raising an end one of the locations of
30 carriage support of the pipe relative to the carriage upon movement of the carriage to a selected
place displaced from the array, the selected place being associated with removal of the pipe

length from the carriage.

51.  The method according to claim 49 in which the carriage has two locations of
35 support of a pipe length disposed thereon, one of which is raisable relative to the carriage, the
other of which is movable along the carriage and is adapted to support an end of the pipe length.
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| ocations along its length, noving the carriage towards the floor to place
one end §j (}13?7 farri age at the floor, elevating the one end of the placed
stand ab e pl aced position on the carriage as thePEE/IUF?Oéﬁ'%“’nears t he
floor, and 10 hoisting the stand via the one end thereof to a vertical

pgﬁi gi on aﬁos&.e t Jﬂ.ﬁnétﬁd?pf'glé ytb}%xhgq haR@)t@Pdrd reevRiROdrill pige fnRscetakion with \dm mﬂht Pﬁ
stand on_.the carriage..,53. . whi ¢ e
el evat i Hﬂhﬁ’ﬁ&g ?”Bﬁggﬁg}rﬁé’gglgﬁ%@%gfQhﬁaﬁgﬁ{;%%%r}gﬁlgg#%éar r ?gg Je}' support of

the placed standlifiingeftand obdsill Rige dirgeely Siqm @Hadi&iﬁuﬁlﬁ’@ﬁ%q%a@fagiwsﬁg‘gl 1T F
0110 |1 lij hn Arkdyldf stahd btblag€pdsitdns, 25 Thi s Sheet Has Been Replaced 1111111
H EI T 1111111pla1:ih£ the Biftedstand oith carriage arranged to support the placed stand at spaced

locations along its length,
moving the carriage towards the floor to place one end of the carriage at the floor,
elevating the one end of the placed stand above its placed position on the carriage
as the carriage nears the floor, and :
10 hoisting the stand via the one end thereofto a vertical position above the floor while
movably supporting the other end of the stand on the carriage.

53.  The method according to claim 52 in which the elevating operation includes raising

the location of carriage support of the placed stand which is nearest the one end of the stand.
15
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