| NJECTOR FOR COUPLED Pl PE BACKGROUND OF THE | NVENTI ON Field of the

I nvention This invention relates to well
rel ates to apparatus for and nethods of
and fenoving it therefromw th an inprov

‘tools. Mdre particularly, it
injecting coupled pipe into a well
ed injector apparatus which is

capability of
perform

capabl e*of handi ng both coupl ed pipe and 00|1 tubing wth tg;zigghbagqa
rotaing either of these flow conductors in a GoobLdJ
downhol e operations Description of the Prior Art It is comon

prattice to run coi
tubing injector.

tubing into and out of wells through use of a coi

Recently, coil tubing injectors have been inproved to

enable themto rotate a lengtn of coil tubin a well to perform downhol e
operations. Such inprove |njéé9@rqﬂﬂka3 %T%PeP{%Laad jointed, even
caupl ed pipe, to the upper end of coil tubing in the well and to even

rai se or lower tne pipe /coil tubing string while being rotated. .Such

i nproved injector together w th nethods

of treating wells enploying its-

use is the subject of U S
to Phillip S. Sizer,

Don C. Cox,

C

Pat ent 4,515,220 whi ch issued on My -7, 1985

for APPARATUS AND
i s-hereby

and Mal col m N. Counci

METHOD FOR ROTATING CO L TUBING IN A VWELL. Thi s pat ent

incorporated herein for all ppeEreROTNYY Jref@iEergNer®k O.
prior art which nay be pertinéent to tnis

Known publlshed

JH% Field of the Invention
This invention relates to well tools. More ?articula:ly,
it relates tc apparatus for and methods of injecting coupled
lpe into a well and removing it therefrom with an improvegd
iﬁjec:o: apparatus which 18 capable of nanfiing bctn cougied
Dipz 3nC COLL turing with thne aaditional capanility of rotatins
eitner of tnese¢ £low CONJUCLOrS 1n & well TG Perficrm Quwnidls
operations.
g Des;:lptxon oi tue Prior Art
It is comﬁon practice to run coil tubing into ané out of-
wells througn use of a coil tubing injectoi; Recently, coil

tusing injectors have oeen improved to enable them to rotate a

lengtn of coil

o
SUCH

2]

ou

o

e}

rr

rotated.

treating wells emrploying its

led

..o

even railse or lowel

tucing in o well to perform downhole operationc.

improved i1njector made 1t possible to aad jointed, ewven

pipe, to the upper end of coil tubing in the well and

tne pipescoil tubing string while peing

Such improved 1injector together with metnoas cf

use '1s the subject of U. S.

o~



present appliction includes the following U S Patents. 3,191, 450

3,215, 203 3,285,485 3,313, 346 3, 559, 905

3,67(, 345 3,754,474 4,085, 796 - 4,251,176 4,515,220 U
S. Patent 3,191, 450 which issued June 29, 1965 to J. H WIson teaches
means for rotating pipe while raising.or lowering tne sane. U S. Patent
3,215,203 issued to P. S. Sizer on Novenbep 2, 1965. This patent teaches
for&ing jointed pipe into or out of a well “through use of hydraulically
power ed snubbi ng apparatus. U. S. Patent 3.285, 485 which issued Novenber
15, 1966 to D. T. Slator teaches injector apparatus for injecting coupled
pi pe into @atenlt. 4l,635p2i20 eh iendliesihamMBoUReZ0ghe imgei Fhigs ebet ween.
Forces are applied to the chains through single- tree type |inKages which
of fer a de@ieerof Dbinegi.bCloixt,y anidi Malwidlim Per rGaure ipi ot ARRARKRTUS ANDher
enl argenment to pass through the device. This apparatus has not proved
practi cal M@&@eFPﬁeRﬁlTQ%éNGSGQéédzé'qm e e IFLlat e XS RafeNfelds
pressures and/ or great working depths cause the device to squeeze the pipe
Boupl i ngs PETEBYeRBEPEBOE AL S RETE i FOK 110 b iRRF RASSH P ARRRT e
dLsasseang%ﬁb% %nscremﬁng the threaded joints as the pipe string is
renoved frqg EREel 1. U S, Pat ent- 3, 313, 346 which issued to R V. Cross

on April 11, 196% teachas:Tehlads b A0t @RANAL Yy Ye WK MHdd to this

present appliction includes the-follOWing U. S. Patents.

: 3,191,450 3,215,203 3,285,485
| ~ 3,313,346 3,559,905 - 3,677,345
3,754,474 ‘ 4,085,796 4,251,176

-4,515,220 |

U. 8. Patent 3,191,450 which issued June 29, 1965 to
J. H. Wilson teaches means for rotating pipe while raising or
lowering tne same.

U. S§. Patent 3;215,203 is$ued to P. S. Sizer on
November 2, 1965. This patent teaches forcing jplnced pipe
into or out of a well tnrough use of hydraulically powered

" snubbing apparatus. B

U. S. Patent 3,285,485 which issued November 15, 1966 to
D. T. Slator teaches injector apparatus for injecting coupled
pipe into a well. 1Its pair of endless chains squeeze the pipe
therebetween.. Forces are applied to the chains through single-
tree type linkages whicﬁ offer a degree of flexibility which
will permit a pipe.coupling or other enlargemenf to pass
through the device. This apparatus has not proved practical

pecause the higher squeéeze loads necessitated by high well



a well wthout a derrick through use of coil tubing and a coil tubing
injection apparatus. U. S. Patent 3,559,905 issued to Al exander Pal ynchuk
onjFebruary 2, 1971. This patent teaches apparatus and netnods for runnl{Ey
sucker .rods into a well and renmoving themtherefrom continuously through
use of an injection device operating ingthe manner of a coil ‘tubing .
“injector. U S. Patent 3,677,345 whichPssues on July, 18, 1972.to0 P. S.

i zer discl oses apparatus and nethod for naking up a pipe string as the
string is run continuously into the well, or disassenbling the string as it
is renmoved continuously fromtne well. U S. Patent 3,754,474 issued to
Al exandePrREspreulansly Rprd e g, waokgnande pt e | ozese gthppée\'paelstbor use in
drive cnains in sucker, rod injectors. U S. Patent 4,085,796 was issued to
Mal col m ﬁqmlqheori’lﬁ?gt%&“%“i%ﬁ FRVEFeLY R8s ¢fdFARPECEPPY BBfer ed

o Gral i ¢ PiGe MR f‘c%nﬁvfﬁ neord gppgrnalee oY tentcten fr Bt opareatea " °
4 251, 176 e 4% S RP LTI SEFORIEL 00 e sty 17, 191
| f';f]c' oses a hydyaul | "e¥\ntacst Ual£0; g %f@#bpéé'@eé‘pé’é‘ré‘t“é "@f&&é”
gth of the strokKe pe movi ng portions is equal W ce
l'ength ofygirhia hﬂqrag@13ﬂéﬂdﬂagﬂmethods of and apparatus for working in
a well without a derrick through use of coil tubing and a coil
tubing injection apparatus.
U. S. Patent 3,559,905'issﬁed to Alexander Palynchuk on ‘“Fj
February 2, 1971. 'This ﬁatent'teaches apparatus and'meinods |
for running sucxér rods into a well and';emoving them therefrom
continuously through use of an injection device ope:atxné ir
the manner of a coil tubing injector.
U. S. Patent 3,677,345 which issuec on July 1§, 1972 t&
P. 8. Sizer'discloses'apparatus and method for making up & P1pe
string as the string is run continuously into tne well, or
disassemdling tne étrihg-as 1t is removed.continuously from tne _
well. ' | | N
U. S. Patent 5,754,474 issued to Alexander Palynchuk on
April 28, 1973 and disc;oses gripper pads for u$e in drive
chains in sucker rod injectors.
| U. S. Patent 4,085,796 was issued to Malcolm N. Council
on August 25,'1978-and discloses hydraulically powéfed.
apparatus for $nubbing pipe into or out of a.well, this

apparatus naving a plurality of hydraulic cylinders which can



U. S. Patent No. 4,515,220 issued to Phillips S. Sizer, Don C. Cox, and

Mal col m N. Council on May 7, 1985. This patent discloses a coil tubing
injector and a quill therefor. This apparatus permts running coil tubing
into\é’mell to desired deptn, cutting the coil tubing, placing a quil
around the upper -end portion of ‘the coil tubing, adding jointed pipe to the
upper end of the coil tubing, gripping the pﬂbe with a rotating gripper on
thesquill, and gripping the quill in tne coil tubing injector. The coi
tubi ng can be | owered further by adding nore pipe to its upper end, can be
rotated by tne rotatable gripper on the quill, and can, if desired, be
moved | ongi pediaaf| ynavar rouat abkhyigatubhantéoupkyvaser equiangd, odl Ispkeds
perform ng operations downhole, such as light drilling operations for
renmovi ng sa®@d bf PEGRS- and S|n1Iar obstructions. Of the prior patents

di scussed above, patents 3,265 ,485 g D.. T. Slator, 3,559,905 to Al exander
Pal ynchuk, and 4, %15 ZﬁaF%nthP?Fb 76 ybaFh apsded 5BpRAA1AAPHE -t Bd 288t

pertlnent t he

Pari 1o i et bleconrkentderuPine ralt i asPhosaetna RraPRBeiealonaeenenec n
w0 | 0Nl tuEkoL bl SHACEpa FBEEL GELPRLASALCTERELENSE OB B MREC: S

capabl e of ppi ng and stri bel'ng "s€l ective
'”d'V'dua||¥h@“91 @dﬁ@ﬁﬂﬂfnééytP@ﬁéaiédquSE”&BtthcSaEHeoiehaﬁﬁeerkBB'ng

sections to open ln turn So that a pipe Coupling or other sinilar
enl ar genenthy@yawess ¢PI Dhder .
| U. 5. Patent No. 4,515,220 issued to Phillips S. Sizer,
Don C. Cox, and Malcolm N. Council on May 7, 1985. This patent
discloses a coil tubing injector and a qu:ill tnerefor. This
apparatus peimits running coil tubing intc a well to desired
deptn, cutting the ccil tubing, placing a quill around the
upper ené portion ¢f tne coil tuping, adding jointed pipe ¢
tne upper end oi the coii tubing, gripping tne pipe with &
rotating gripper on the quill} and gripping the guill in tne
coil tubing injector. The coil tubing can be lowered further
by adding more pipe to 1its upper end, can be rotated by tne
N rotatable gripper on the quill, and can, if desired, be moved
longitudinally and rotatably simultaneéusly as required, all
for performing opefatlons downhole, such as light drilling
operations for,reﬁoving sand bridges aﬁd similat obstructions.
Cf the priq: patents discussed above, patents 3,265,485
to D. T. Slator, 3,559,905 to Alexander Palynchuk, and

4,515,226 to Phillap S. Sizer, et al. appear to be the most

pertinent.



t he device, one of the gripping sections always driving the pipe while the
ot her gripping section is opened or released to permt passage of such
coupling or enlargenent, the forces applied to each of the gripping areas
*being transmtted to the drive chains through use of pressure beans whi ¢
are noved toward and away fromthe pipe string by hydraulic neans. U S
Patents 3,285,485 to D, T. Sl ator, 3,559,905 to Al exander Pal ynchuk, and
4,515,220 to Phillip S. Sizer, et al. a2 hereby incorporated herein for

al | purposes by reference ereto., It is therefore one object of thjs
i nvention to proﬁQﬁ?eaﬁé p% & POuBPAg aFﬁjeE?Bﬁ Y8t hovP fb?ﬁ'étorlﬁubing
I nto or .out f@midiex | diActoseésngano npecispectdedfideri havingnt aonchaine is -

provi ded PRANY!S ootk WINPT R0 16K RAat 219 YEbhcBl ML AW no
it therefrom conprising: a. franme neans and b. endleSs-type charn drive
‘means nount &F ipPing eneaEeikhers ane of i Wridh Bhdcapabkey ehi @ bPpEnGr
tubing intoard adbvidy e pidd, seisy Chwdn véihye sa&paeeivagy pding:

i . drive chain . means .i.ncludin ai . of _opposed endl ess .driyve chalns

di sposed i W&%@Wlmﬁf@aﬂ‘a&%ﬁ%éan’é&&rfmﬁﬁ&ﬁ in P THRHARE) ¥ cai d
pi pe or tubiofy thiestee batippdmg isectigpes todopenein ptussuse tieatn aepdsei n
each of - coupling or other similar .enlarge'ment may pass through

the device, one of the gripping sections always driving

the pipe while the other gripping section is opened or
released to permit passage of such coupling or _
enlargement, the forces applie_d to each of the gripping \-JJ
areas being transmitted to the drive chains through use
of ptessure beams which are moved toward and away from
the pipe string by hydraulic means.

U.S. Patents 3,285,485 to D.T.Slator, 3,559,905 to
Alexander Palynéhuk, and 4,515,220 to pPhillip s. Sizér,
et al. are hereby incorporated herein for all purposes by
reference thereto. ' '

It is therefore one object of this invention to
provide a pipe or tubing injector for moving pipe or
tubing into or out of a well. - | '

According to one aspect of this invention there is
provided apparatus for injecting pipe or tubing into a
well or withdrawing it therefrom, comprising:

a. frame means; and

b. endless-type chain drive means mounted in said -
frame means for Qripping and moﬁring -said pipe or tubing
into or out of the well, said chain drive means
including: .

i. drive 'c_:hain means including a pair of opposed
endless drive chains disposed in a cohmon plane and
spaced apart providing a pathway for said pipe or tubing
therebetween, _ ’

ii. upper and lower pressure beam means in each of



-6- said pair of endless drive chains novable toward and away from each

other, said upper beam neans being spaced above said | ower beam neans to

pakawg a non-grippihg area therebetween, . said pressure beans having
wardl y extendi ng trunni on neans slldably di sposed in slots in side

pl ates of sai.d frane neans, iii. friction-reducing roller chain neans

I nt erposed between said pressure beam neans and said drive chain neans, iv.

means for independently nbvi ng sai d upperand said | ower pressure beam '

means toward aggd; @y #rom &a&be@é h&fﬁ@ ERESEs sawaﬂié VEoW1Pd Na i@ adhva
grip said pipe_or tubing at up apari |ocatiops an to

ower space
rel ease such ng%mafagﬁcﬂtEﬁﬁceﬂa %aP?PFBCEf?gn%ea%ﬁdb%lnﬁmﬁﬁéF?%ra?PY%|ng
said drive chasaidedivero besn smahsyi pe Oprodvbieg d nhonogripping sateb

wel | . One enbo gggﬁe@w éxtx“ S i Laygntion g lggr)rl sggﬁggpafh%w_% CO”&Qt dg,pglg

frame in which parr obpose endlees I ve charns are spose
.conmon pl ane |¢p:tmmg apapnnionatienns t §lpdabide dimposiest worn sd ot himy

for pipe, and gagh ﬂﬂé@egnoyppgidaﬂpaﬁéwﬁgaﬂgessure beam t herewi thin, the
upper pressure beans bein gfce art and beln novabl e toward and away

from the pat hway toidbpl PRDF ‘Fbﬁ’%er‘?%l?ﬁecﬁ’p% ReARS A LRTRRESDr t o

rel ease such gvéeppesay kaide, piéeshoee bepineShedts bands Pid adirigeexetedly
| i ke the upper $ressure beans, the upper pressure beans being actuatable

|ndependently 7Y
- iv. means for independently moving said upper and

said lower pressure beam means toward and away from each
\1;/ other to cause said drive chain means to grip said pipe
or tubing at upper and lower spaced apart locations and
to release such grip at such spaced'apart locations, and
- v. means for driving said drive chain means to move
said pipe or tubing into or out of said well.

One embodiment of this invention coﬁprises apparatus
comprising a frame in which a pair of opposed endless
drive chains are disposed in a common plane in spaced
apart relation to provide therebetween a pathway for
pipe, and each with an upper and lower pressure beam
therewithin, the upper pressure beams being spaced apart
and being movable toward and away from the pathway to
apply a gripping force to the pipe in the pathway or to
release such grippihg force} the lower pressure beams
operating exactly 1like the upper preSsufe beams, the
upper pressure beams being actuatable independently from
the lower Dbeams, and vice vefsa, and means for driving
the drive chain in either direction to drive pipe or
tubing into or out of_a-well} couplings or other similar
enlargements in the'pipe being moved through the injector
apparatus by opening the first gripping _area- while
driving the pipe until the coupling or similar
enlargement reaches the.nbn-gripping area between the two
gripping areas, then engaging the first gripping area and



~—ttre—tower—beaits At Vi TE Versa,  and reans Tof “driving the drive chain in
ei t her dlrectlon to drive pipe or tubing into or out of a well, couplings
or other simlar enlargements in the pipe being noved through t he |njecte5

(apparatus by opening the first gripping area while driving the pipe
unt i | the coupling or simlar enlargenent reaches the non-gripping

. area betmeen the two gripping areas, then engaging the first gripping area

Trandtt - 7- aftermardé‘?“pﬂés g Tt he seopnd gripping area to permt the.
coupling or sinmlar enlargenent to pass .on through the apparatus,  the
pipe or t@fiteywarsts rekeasing | fhet §esiond IRIBPRIND tateat itpe PerRit
coupling Ohhesi Ebhpl iy BE0F I 4rS SABSLGEmERE OUY $ds | BheCGi¥ough

apparatus. A ordln tQ anotBi aspect of this inventian there i 5 provi ded

a met hod -of ggﬁiﬁﬂ %ﬁ% tRSa Q&I W¥BiRSHLARE v MRS SRPRR Y

i njection apnamqnmg dnnxhgnpahenjeamam1tnmarabup1hag|ngrtmsrﬁmlaﬁy to
grip the pi r -
non- gri ppi nggg?'a%{er (r%ebet \%%esriél%\qaﬁhz%daﬁp 4}% # egcgtlori"g;%3%%oasengagl ng the *°
pi pe at both su@iccgmqwmg:mrmm ngsnpe?-ablfe thigejoveatilop dfhexeh

other, the ngthadJiddid MkkdHsa Séfpﬁuﬁﬁin? cSﬂBQQEnﬁineiﬁ‘tBea' wéiye upper
and Iomer grlpplng areas of ,the pipe I, on .apparatus b. Qgratlng t he

pi pe i nj ect CORtARYAUELYs PSingyFipre injection 4 paratus, pipé
injection apparatus having the ability to grip the pipe

at upper and lower gripping areas separated by a
non-gripping area therebetween, the means for engaging
and disengaging the pipe ‘at both such gripping areas \_;J
being operable 1ndependent1y of each other, the method
including the steps of: ' _
T a. engaging the pipe in the upper and lower gripping

areas of the pipe injection apparatus:

b. operating the pipe injection apparatus to move
the pipe into the well; |

Ce disengaging the upper gripping area to allow a
pipe coupling to pass freely therethrough into the non-
gripping area; |

d. engaging the upper gripping area with the pipe:;

e. subsequently disengaging the lower gripping area
to allow the pipe coupling te pass freely therethrough; i;i

f. engaging the lower gripping area with the pipe;

'~ g. repeating steps "c", “"a", "e", and "f".

. ' One embodiment may comprise running a pipe string
into or removing it from a well using a pipe 1n3ection
‘appparatus capable of engaging and gripping the pipe at
upper and lower spacediapart gripping areas, the steps
including assembling the pipe string, gripping the pipe
string in said apparatus at the lower gripping area,
operating the apparatus to force the pipe string into the
well until the first cOﬁpling reaches the non-gripping
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t he=prperto-tfic-wet ¢ dlsengaglﬁal?he Gpper™ gfi pping area to all ow a
pi pe coupling to pass freely therethrough into the non- gripping area; d.
engaglpg the upper gripping:gfea-m:th the pipe, e. subsequently disengaging
the Iower gripping area to allow the pipe coupling to pass freely
t her et hrough;. f. engaging the | ower gripping area with the pipe; and g.
repeating steps "c", "d " "e" , and "f". One enbodi ment nay conprise
rdnni ng™a pi pe string iTto o TENOVITY | ¢8From a Well using a pipe
i nj ection appp u; I f ol I LPRILAY LD Lpe ; and
| ower spaced a%ggé gf?gg?gggg?eg ?g?héggtggge?n ngpga§a§§§é fiﬁglgﬁgﬁiipe
string, grlppthethB}pPpes§F#PEg 2§ sémﬁanﬂ?ﬁ%ﬁln£¥&PEfR9Icﬁ%ﬁagrlbbﬁﬂg. _
?L ea% _ opter atl n?gié&sﬁﬂ@ﬁ&%@?ﬁldv&xf o ££ppineg ph?&agttrd rwuldbu ?m@ecatvsﬁbhiﬂgt il
e first coupling.reaches e_nop- gri ppin -8- area betyeen the upper
and |ower gri pb?nézgr eﬁgrsg;uﬁgi ?gh];?dﬁgggpi gB: Sfpp'ﬁ'g:f?f; (tthal TSUpEEYigg
gri ppi ng areacoupbingse oappagatppi i appéahatus
coupling to behgpyﬁg £8 %ﬂégggh tggu EEﬁéaEHSitEh §-§Dving coupl i ngs
t hrough the apparatus quhay %E%iapgara us_haV|ng ¢ ’epgaqgla coupling in
its grip. The chai nTheri| Hec e S@Ch@nlsm heapi par Hp e pipe or
' tubing in two spaced-apart areas and may be capable of
gripping the pipe or"tubing in either or both such

R SR B R

locations selectively, as desired.
The apparatus may have hydraulic means for causing
\1;/ engagement and disengagement of the pipe or tubing.

Desirably the pressure beams press the drive chains
against the pipe string and the apparatus may have anti-
friction rollers interposed between the beams and chains.

The pipe injection apparatus may have the opposed
upper pressure beams mechanically linked together and may
have the opposed lower pressure beams mechanically linked
together in such manner that these beams will at all
times be centered relative to the pathway therebetween so
that each such pressure beam will move an equal distance
in engaging and releasing the pipe.

The pipe injection apparatus may have hydraulically
powered interlock means which will allow the upper or the
lower pressure beams to retract to pipe releasing
position only if the other pressure beams are in pipe
engaging position, and then only if the such beams are
applying adequate gripping power to the pipe.

The apparatus may have sensor means and means for
releasing the pipe at one of the gripping areas in
response to a pipe coupling being sensed by the sensor
means.’ o |

The hydraulic 1linking means may include coupling
sensor means and timing means for sensing arrival of pipe
couplings at the aﬁparatus and will cause the upper and

g -



TUBTHG i i i spaced-apart areas and may be capable of gripping the pipe”

{

* pat hway therebetmeen so at eac

or tubing in either or both such |ocations selectively, as desired. The
apparatus may have hydraulic means for causi ng engagenent and di sengagengn
of the pipe or tubing. Desirably the pressure beans press the drive chai
agai nst the pipe string and the apparatus nmay have anti- friction rollers

i nt er posed between the beans and Chalnﬁ% The pi pe injection apparatus nay-
have the opposed upper pressure beans rechanically |inked together and may
have the oppeswet Ipmesstpresbeausbetaorsopenhand:abn.y:sbl nikedseqgenker im such

manner that Jhese uJ | eRd %Jlgucl %ﬁgli‘in e srsel ehi%8 gh© e

h préssu MoV e 9an equal
di stance i n 3PRFIGLVG Aidhoute #¥iexg heidgigrirPrRi t]fh?feellfhj ection apparat us
may have hydraul it Isenz@ie @ nish mdky qﬁelwmmmw Idlﬁdmg hegoripper

or the | ower pressyre beans, to r t t.o el easin tion onl f
t he ot her pts(?%éﬁff’@ul?@arfﬁp%’é‘q na’b‘% 8ﬁ¢a§PIrF8fe ?tPﬁlﬁngE e orﬁ?/yli‘

t he such beaMBtarglgpplpnmwla@gquamangmgaasu;qhnnngh()ﬂﬂaa[mqnacﬂimn
appar atus may, 13y e onRAS 1390 JEMSut OQFB%‘%@Q %Qoé%%g%‘d%g: at{rhé’”e of

the gripping*aréas 1'n response to-a plpe coupl |
sensor nean@lpﬁh@eﬁyﬁﬁﬁupﬁcthpﬁﬁlﬁ@ #gSray i ncl ude coupllng sensor mneans

and timng rreans-rfh@r awas.—lart@sarn{dwa{a@é 8bREi AEURLRAYS adla IRy us and

wi |l cause the up%
circul

apparatus automatically in either longitudinal directionm.

Qor allowing couplings to pass through the

- The apparatus may have hyd:aulié upper and lower
coupling sensor means and switching valve means for \Jrj
reversing the sequencing of the operatioﬂ of the
interlock means so that, during'removal of the coupled
pipe from the well, the pipe couplings will be sensed and
the opening and closing_of the uppef and lower pressure
beams will be sequenced so that the pipe couplings will
be allowed to pass through the injector without ever
being gripped by the gripping mechanism and this even
without stopping the movement of the pipe.

Selective limit means may be provided for 1imiting
‘the w1dth of the pathway between the opposed pressure
beams when they are in plpe releas1ng position, so that
- when pipe is being handled, the pressure beams will open A\
only enough to'allow_pipe couplings to pass £herebetween,
but when the quill means is used, the pressure beams may
be retracted sufficiently to permit the gquill to be
installed in and removed from its'ope:ating pbsition.
Quill means may be provided for surrbﬁnding_the'pipe
and being grippable in the injection apparatus so that
the pipe can be rotated within such'quill means.
The quill means may be provided with gripping means
for engaging and supporting the pipe extending.through
the quill while the gquill is supported in the injection
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At sttt et o

| ower pressure ‘beans to open and cIose I'n sequence I n order to aIIomrthe

pi pe coupling to pass through the apparatus w thout ever being gripped

thergin. The sensor means may include hydraulic circuitry for sequencing
opening and cl osing of the pressure beans so that pipe couplings can

pass through the injection apparatus automatically w thout stopping

progress of the-pipe: because 8f.those couplings. The apparatus may have ....ss. .
sensing neans and sequencing circuitry forgall owing couplings to pass

t hrough the appara automatically in either longitudinal direction. The
apparat us nay *égﬁf Haulic upper and | ower coupling sensor neans and

swi t chi ng val ve neadtesansrforvevivellyt mountiéngesuichg grifppinige mezyar atdyn

of . Lhe Int 1 16 ko BaiGed Oubl! tpeLghigy GERKE! off R aalabPlng oM

the well, the pi1 pe, coupl | f sensed and the opening |ng of
the upper and TR resB edpRARE WPLP Fe WRljuciRiRE sB PARE OFe tH

couplings wil Inbfe@déxowaﬂtmwasnethéeaghothengargeet;ormu tdvuﬁnergerwm ng
or Rbed by {heRll 8810 JEELETSIRANELA E GYEn IO SLOPRLG The
_the yvr dth of the paltltarva_)a.rmﬁar\‘emnth@pa[rramd pagssh_aeebegmspm tdmsasr e
orelabre beonUPUREL Ui oo 'RsbeRbRgen OF, 2ogiREL ol iemic
t her ebet ween, He RiRe ¢PEPHiINGS HeaR3SHsthieught KbepARRARAt Y MsthRlt
damage to the coupling or apparatus.

The method of running coupled pipe into or out of a
\v/' well may include automatic seqﬁencing of the apparatus so
that the apparatus need not be stopped when a coupling is
encountered. _

' The method of running coupled pipe into a well may
include rotating the pipe while it is lifted or lowered
in the well by the pipe injection apparatus. _

Means for spreading apart the drive chains in the
non-gripping area of the apparatus may be provided to
avoid contact of such chains with a pipe coupling passing
therethrough. '

The spreading means may be secured to the frame of
the apparatus and a spreader member may'project between
the outer edges of the drive chains to spread them apart
to clear the pipe coupl:.ngs as they pass through the
apparatus., _

Reference is now made to the accompanying drawings
in which:- '



be retracted sufficiently to permt the quill to be installed in and
renoved fromits operating position. Qill neans may be provided for
sur(ounding t he pi pe and being grippable i'n the injection apparatus so th&p,
the pipe can be rotated within such qyjll means. The quill means nmay be
provided with gripping neans for engagli ng and supporting the pipe. extendi ng
through the quill while the quill is supported in the injection -10-
afparatus. Means for sw velly nmounting such gripping neans may be provi ded
upon the quill means so that the pipe nmay be running coupled pipe into a
wel | using a pi or tubing injector without the need for engaging the
coupl i ng Wirigf griipsionapf mbendriasringf the i njector apparatus. The
i nj ection appar at,us nax have gri pping areas which are engaged and
di sengaged i n sEd88Reelt dSpar Arhemasigiade sddigpleileya tionms v tew @fyla thipe
appar at us ,wi.t hoyt dgnage to the coUgrin' or .apparatus. The method of o
runni ng cdNAPELLBPpEeVAFE BRAVANE YPPEIWBNA QyernQrddPiNg ARRAT sequenci ng
of the apparatus; hat .t h ratus need _not .be stopped when a coupling
is encountered.§+ﬁgrL hé% gfggg nF%§v85&8P@ HﬂﬁgiQﬁ(%zPRRﬁllqﬁﬁF9¥Rﬂude
rotating h06iRLPEnBBEYEny" the bELLEALOinbARISH Wl BAVITd PYEddindl iy
i nj ection apparatus. _ : _

section of pipe engaged therein;

Figure 3 is a cross-sectional view tékeﬁ aléng line 3--3
of Figure 2; L

Figure 4 is a'f:agmentary view §howing a sidenplate of H‘rj
the apparatus of Figure 1 with stop blocks in its slots for
llmitihg movement of the ﬁrunnicns ﬁherein;

Figure 5 is a view similar.to_rigure 2 showing a coupling
of a pipe string passing through the upper g:ipping area of tne
pipe injection apparatus; | |

| Figure 6 is:a view similar to Figure S-DQt snowing the
pipe goupling passing through the lower gripping area of tne
pipe injection apparatus;

Figure.?_is a top view of the transmission of the pipe hd
injection apparatus of Figure 2 through 6 showing a coupling
sensor mechaniSm.mohnted atop theréof and a timé mechanism
mounted on the side thereof; |

Figure 8 a side view of the transmission seen in Figure 7;—

Figure Y is an enlarged plan view of the coupling sensor
seen in Figure 7;

Figure 10 is an enlarged side view of the timer mechanism

of Figure 8;



Means for spreading apart the drive chains in the non-gripping area of the
apparatus nmay be provided to avoid contact of such chains with a pipe
couRLLng passi ng therethrough. The spreadi ng neans nay be secured to the
frame of the apparatus and a spreader nenber may project between the outer
edges of the.drive chains to spread th apart to clear the pipe couplings
as they pass through the apparatus. Reference is now nade to the
acsonpanyi ng draw ngs in which: - Brief Description of the Drawi ng Figure
1 is a schematical side elevational view of a pipe injecting device having
upper and lower gripping areas; Figure 2 is a side elevational view of a
pi pe injecting dBigaeeeiBlodygi g biolreromr edent ofnwdet itdmeanchelrdanigm of
fragnentary section of pipe engaged therein; Figure 3 is a cross-sectional
vi ew t akenF4BURg RPhe 3-- 3 of Figure 2: Figure 4 is a fragnentary view

showi ng a side plate of .the apparatus of Figyre,l Wi_th stop blaocks in its
slots for linitiAdIHEGeréntSof EREIMERTATInSeCTdodat, ViteyySRoying £hg ew

pper ari pBPAG APER2BASHENIERo SAPER e SSBIPRLRS o G 37 AT |
sim | ar tOmEEQQE?sﬁ QEEnSERW%quEQ% 10 and 1l1;
Figure 13 is a fragmentary view, partly in section and
partly in elevation with some parts broken away, showing the
P clutch mechanism which drives the timing wheel of the timer
mecnanism;

Figures 14A and 14B taken togetnher constitute a diagram

. showing the_ci;éuitry for that part of tne pipe injection
apparatus pertaining to the present invention;

Figures 154 and 15B taken together constitute a ionglzu-
dinal sectional view similar to Figures 2, 5, aﬁd.é showing the
pipe injection appafatus with a quill engaged 1in the upper and
lower gripping areas, the quill having a gripping and rotating
mechanism mounted on its upper end;

Figure 16 is a cross-sectional view_taken along line
16--16 of Figure 15a; and

Figure 17 is a schematical obligue view showing an
accessory for spreading the drive chains apart in the non-

gripping area.



pi pe coupling passing through the |ower gripping area of tne pipe injection
apparatus; Figure 7 is a top view of the transm ssion of the pipe injection
apparatus of Figure 2 through 6 showi ng a coupling sensor nechanisn1nnung_ﬂ
ratop thereof and a tinme nechani sm nmounted on the side thereof; Figure 8 a
side view of the transm ssion seen ini&gure 7 Figure 9 is an enlarged pl an
view of the coupling sensor seen in Figure 7; Figure 10 is an enlarged side
vi ew of the timer mechani smof Figure 8; Figure 11 is a bottom view of
the timer nechanismof Figure 10; Figure 12 is a fragnentary sectional view
showi ng the gear nmechani sm which drives the transm ssion of the tiner
nechani snpeeen ipit ibinguifethd0 pared erred-iRmoed ilderits a fragmentary view,
partly in~sectron and partly 1n elevation wth sone parts broken away,
showi ng the cl uRelfemzahgninom wioi Ftigimiesds, tite wili riee véeen tat hehe | pigpe
mechani sm Figures 14A and 14B taken togetner constitute a di agram snow ng
t he circuiihfjgctdont bppapatusooft kdis doventican os afpewmtschematically to
the present invention; Figures 15A and 15B taken togetner constitute a
[err] di nandsabektodsl isi dnddcaitess memajdrsedm the raﬁﬁ?raemm\ﬁgemb M pe

~Injection appar%%%sagbgga%u ubblf% &%%%éék upoﬁnm”pluralxty of legs 22

- which are in turn supported upon a platform or plate (not
‘shown) mounted'iogether with a stripper hgad {not éhown) ané
stationary slips (not shown) upon a conventional Christmas tree |
(not shown} in the manner taught in U. S. Patent 4,515,220 to \‘f)
Phlllip S. Sizer, et al., and'wﬁich.is incorporated herein by
reference. |

The apparatus 20 is stabilized in the vertical position
Snown: 1in Figure'l by a suitable numper of guy lines 24.

A work platfofm (not shown) is normally mountec atop the
apparatué to support workers and ancillary equipment such as a
control console, and the like. Further, a gin pole and hoist
(not shown) are ndrmally'provided to handle pipe and other
objects. The work platform and the gin pole and hoist have
been omitted from the drawing because they are not required to
illustrate thé ciaimed invention and because they are clearly
shown in the aforementioned U. S. Patent 4,515,220'which has
been incorporated into this present application by reference.

Apparatus 20 is useful in running pipe or tubing 26 into
or out of a well. Tne tubing may be coiled tubing, or it ma}

pe jointed tubing or pipe such as pipe sections connected



| ower gripping areas, the quill having a gripping and rotating nechani sm
nmounted on its upper end; Figure 16 is a cross-sectional view taken along
ling 16--16 of Figure 15A; and Figure 17 is a schenatical oblique view
showng an accessory for spreading the drive chains apart in the non-

gri ppi ng area. Description of the Preferred Enbodi nent Referring now to
Figure 1, it will be seen that the pipe ilgection apparatus of this

i nvention is shown schematically and that it is indicated generally by the
reference nuneral 20. The apparatus 20 is supported upon a plurality of

| egs 22 which are in turn supported upon a platformor plate (not shown)
mount ed togeybenew With sbllpper obeadupnahgshownptaed ikl dRaings! i ps (not

shown) upon a conventional Christmas tree (not shown) in the manner taugh
in U S Pendergégdssec2ionsoakPhtheptBre8dedr copnegit iongnd which is -
I ncorporated herein by reference. The apparatus 20 is stabilized in the
vertical positiofhgh@dRei ALFigdr d61Pappes shroyshe thendopashtysy 20| ves s
A worK platform,(not shown) is norpally nmounted at op the apparatus t
suppor t woPR&Ps 1anghan8F APaPy éq&?bﬁeﬁ% oppRsgY driyft FBR1BGNS L@_,nda%d’at he
handi ¢ pi paiZRACEENAR BoFeBPEn BAEPGOPRA PRLFD: hAXRAPERELENH SHREREA hoi st
have been opitfed Lrogyibs g5avhoe PREUTHe! B8Y BLEcB2bnaSIYLipdihg
engagement therewith. The drive chains 28 and 28a are driven

' by a transmission 30 having sprockets over which the chains
\T\/ travel. The transmission is powered by pressurized hydraulic
fluid or other suitable means. The chains are drivable in a
direction to move the pipe 26 into the well, or to move the
pipe out of the well, as desired. Pressurized hydraulic fluid
also is used to power tne mechanism for gripping or réleasing
tne pipe and to power other eguipment such as slips and the
ilké.

Tne gripping mechanism includes an upper set of hydraulic
actuator cylinders 32 ané a lower set of hyéraullc actuators
34. Preferably, each such set of actuators includes actuators,
such as aétuator 36, or both the left-hand and the right-hand
sides, as shown.

The apparatus further includes a frame 40 including a
floor plate 38 and a plurality of legs 42 supported thereon.

The pipe string may be assembled as it is run into the

well, or it can be fed from a reel or basket via suitable guide

means to the appartus.



illustrate the clainmed invention and because they are clearly shown in the
aforenmentioned U. S. Patent 4,515,220 which has been incorporated into this
present application by reference. Apparatus 20 is useful in running pipehgr
tubing 26 into or out of a well. The tubing may be coiled tubing, or it y
be jointed tubing or pipe such as pipe sggiions connect ed together with
collars or couplings or other type having”enl arged sections at the threaded
connections. The pipe string 26 passes through the apparatus 20 and is held
in the grip of a pair of opposed drive chains 28 and 28a disposed in a
common pl ane and which have portions thereof which are forced against the
pi pe for frictRAFERIGNDAM EngRi@nEnt 2¢ hehewPiRe Thaedtpveapparasuzs 24nd
28a are driven by a transm ssion_ 30 having sprockets oyer which the_chains
travel . Tife S&eths SH8AFSS $ohRt b b&“p?ggggf‘i ged%?#éﬂ?‘?c"f’l and 398t her

sui tabl e The chains are drivab In a direction to nove the pipe 26

into thg‘%gﬁﬁ%%ﬁ b ot & pﬁﬁ%'%%{e%?°¥ﬂe wel |, as desired. Pressurized
el casing tne ige PRFTAREDSE BPAEFe A0 ErERRRL LTt 2 2R bRELED SR pime o
oyl i nder 233 AT A RS O £ HEEFE 226, B, BYERSHS' BeOpLUGIfba i
such set a0fpadGt WAt Wrald¥d Uesv @ 08 S28 SR 28a akhUehOar86shownbehh the
~left-hand and the right-hand sides, as shown. ' _ :

the left-hand and right-hand side, respectively, of the pipe

26. These drive chains are driven by_sprocke;s 50 and 51 which

are a part of the transmission 30; A.bair of lower sprockets

54 and 55_are engaged in the lower loop of the chains and they

are pivotally mounted to provide for adjuétﬁent in the tension

of the chains. To tighten éhain 28, for instance, the nuts

56, 57 are tigntened on bolt 59, .anchoreé in floor piate 38,

against the spring #asnets 60 to swinag tne housing 60 downwara

~ about a pivot (not snown), the sprocket 54 being rotatabdly

mounted in housing 60. In a similar manner, ﬁensxon on chairn

28a may be adjusted as desiread. |

Inside left and right drive chains are left and r;ght o/
upper roller chains 64 and 65, respectively, and left and right
lower roller chains 67 and 68, respectively.

Within each roller chain is a pressure beam. Thus there
are left and right upper pressure beams 71 and 72 and left and
right lower pressure beams 74 and 75,'respectively. Each
roller chain fits.freely about the periphery of its pressure
veam as shown. Each roller chain is composed of rollers

connected together by link and pins in the well-known manner.



The apparatus further includes a frame 40 including a floor plate 38 and a
plurality of |egs 42 supported thereon. The pipe string may be assenbl ed as

it is runinto the well, or it can be fed from a reel or basket via
sui tabl e gui de neans to the appartus. ferring nowto Figure 2, the
pi pe injector apparatus 20 is seen in grealer detail. In Figure 2, the

frame 40 and | egs 42 (seen in Figure 1) are not shown. The apparatus of
Figure 2 is showmn with a length of pipe 26 engaged therein. This apparatus
is seen to be provided with a pair of endless drive chains 28 and 28a whi ch
are shown on the left-hand and right-hand side, respectively, of the pipe
26. These drive chee nsres=surk i veambyasprmokabdyShoantedl whochiaseaacpart
of the transm ssion 30. A pair of |ower sprockets 54 and 55 are engaged in
the | over ‘W uBPehPreRSULe dpeamdeyl agndpi¢ot e | PoVBBAEcHOVAL Br BRRIBWRYr
adjustnment in the tension of the chains. To tighten chain 28, for Tnst?nce,

the nuts 565,“3“7.%‘3‘ YRS e bhe bowernBh f%ﬂr?hb?P’Bﬁr"ﬁl apg 23 also.
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Fespoct tvels RS (IELY QPTG e GLEeE PR LADHEL:S ShggincbaLhe BrLaRe O
chain to force it against the pipe 26. Thus, when the upper
pressure beams 71 and 72 are forced inward toward each other,

' \Xv/ the pipe 26 is sgueezed or gripped petween the drive chains 28
and 28a. The amount of sgueeze or grip is understandably
depeﬁdent upon the force with which tne pressure beam is
pressed against the roller chain by the actuator cylinders 94
anc %4a.

The preséure peams are provided witn trunnions whose endas
are siidable in slots 1in side plates. For instance, the upper
pressure beams 71 ané 72 eacn have upper And ilower trunnione.
Uppér left pressure beam 71 has upper and lower trunnions 76

N\ ana 77, respectively, while the upper right pressure peam is
provided with upper and lower trunnions 78 and 79, respectively.

As seen in Figure 3,'lower trunnions 77 and 79 of upper
pressure beams 71 and 72 have their outer ends dlsposed.in
horizontal slots 82 and 83, respectively. Tnus, the pressure
beams formed in side plates B4 ana B84a are enabled to move
toward and away from each other. Screws 85 and Sé's;rewed
into the ends of trunnions 77 and 79 hold washers in place

tnereon and the washers are somewhat greater in diameter than



are left and right upper pressure beans 71 and 72 and |left and right | ower
pressure beans 74 and 75, respectively. Each roller chain fits freely
abeut the periphery of its pressure beamas shown. Each roller chain is _
conposed of rollers connected together by link and pins in the vel | - know™
manner . Tne pressure beans are novably nmounted. For instance, the upper
pressure beans 71 and 72 are novabl e towind and away from each other as are
tthe | ower pressure beanms 74 and 75 al so. Wen the pressure beans (upper,

| ower) are noved toward eacn other, each pressure beam exerts a force
against its roller chain and this roller chain bears against the drive
chai n tother eadithh aFaivhet sl permbs, TEhsy ¥éedin henelPPeanRE885UER beans

71 and 72 are forced inward toward each other, the pipe 26 is squeezed or
gri pped paacecmelllarice to cHaaplBresdB4L8nd TBda anount of squeeze or grip
i s understandably dependent upon the force with which the pressure beamis
pressed agai nsfThehd ruginienscien they pressute dteams \éachicpas94thndudhaanThe
pressure beans are provided with trunnions whose ends are slidable in slots
in side pPandss AFr theseadc L wheAipandrihe wrekoechisatriaghed 790edcn have
upper and.lgmer trungions.aﬁ? er left pressure bean; 71 has ugger and | ower
t runni onB589BAGYFNALLs e Meangidee (BROVAARG FOROYRRLRr Bheeam i s
provi ded with uppﬁr agd lowe% tr%gnkpns 8 and 79, resgect'vely. gg-sgen in
Fi gure 3PTPEREF St PEAM oFOWAF a7 9 MY SRR A HearkC 711 335275 have
their OUEELnEEQE QhSB?S$QeEQure beam 71 passes through opening 88 of

yoke 90. Yoke 90 is attached to piston rod 92 of piston - \Jr/

cylinder 94 which has trunnions 96, 96a which are mounted at

the junction of side plate 84, 84a with end pieces 98, 98a held

in place by screws 99, 99%a. Piston/cylinder 94 moves the yoke

90 and pressure beam 91 connected thereto toward and away from

pipe 26, as desired. The beam pushes the drive chain against

the pipe to frictionally engage and qrip the pipe either to

hold it against movement or to impart movement thereto, as the

case may be. To render driving of the pipe easier and thus

reguire less horsepower, the rollers 64a of tne roller cnain 64
being disposed between the pressure beam 71 and the drive chain o/
28 minimizes the friction therebetween.

1n a similar manner, pressure beam 72 is moved'by yoke

and piston/cylinaer 94a toward and away from pipe 26. Thus,
when piston/cylinders 94, 94a are actuated in one direction,
pressure beams 71 and 72 move toward each other and the pipe 2¢

is gripped between the drive chains 28 and 28a. Similarly,

when the piston/cylinders 94, 94a are actuated in the opposite



horizontal slots 82 and 83, respectively. Tnus, the pressure beans forned
In side plates 84 and 84a are enabled to nove toward and away from eacn
other. Screws 85 and 86 screwed into the ends of trunnions 77 and 79 hol d
washefs in place tnereon and the washers are sonewhat greater in dianeter
t nan 17 the width of the slots. Thus,j&hey retain the trunnions in place
relative to side plates 84 and 84a. The trunnions on the pressure beans
eagh pass through an opening in the end of a yoke and the yoke is attached
to a piston/cylinder. Thus neans are provided for powering the pressure
beans toward and away from each other. For instance, trunnion 77 of
pressur e behiwedt parss epr ¢ disworg hbeareai MY, 832 ohoyekawdy. f Yokee86hi sthttaahdd
to piston rod 92 of piston cylinder 94 which has trunnions 96, 96a which
are nount edretease thekridhipfor| hepPiPe 88. 84a with end pieces 98, 98a

held in place by screws 99, 9%3, Piston/cxlinder 94 noves the yoke 90 ggd
pressure beam 91 EbrTRRtRE FFRFALLY BBGA[ & %ﬁdt%ﬁa§p??5nPb?5§“§%,bﬁgms '

desired. T b h . . . : Erbet |
engage and G (R ORERT Bhe b1 TLr OF o REF HF P8 “Bbat hot npbeRE 0P spbihd, By Y
npvement thﬁéﬁ%?if@éiﬁﬁetﬁgéeépgﬁ Pferd© #@ngfgvgrégéﬂﬁsOérﬁpetﬂépgi gsier
and thus require [ess horsepower, the rollers bd4a of tne Toller cnalh 64

bei ng_di SpOSpgh PRY YERN | ep%ﬁ?éwﬁr@amlbeaﬂst@@ fbb¥8 €5@hPa28he pipe.
mnimzes the friction therebetween. In a simlar nmanner, pressure beam 72
is nmoved by yoke 1t might be said that the drive chains, which resemble
, tracks, are closed when they are in gripping engagement with
'\\v/ the pipe and that the drive chains or tracks are opened to
disengage or release their grip on the pipe.

Opening of the 3rive chains or tracks may be limited by
suitable means, such as by the yoke (yoké 90, for instance).
engaging the cylinder of the piston/cylinder 94, or preferacsliy,
for some, allowing the trunnions to engage the end of the siots
83 in the side plates 84, B4a. Closing of the drive chains or
tracks is limited by their engagemént witﬁ the pipe or other
oaject therebetween, or if no object is present therebetween,

l\J’ by engagement of the préssure beam trunnions with the inner
ends of the slots 83 in the side plates 84, 84a. To limit the
retraction of the pressure beams when it is unnecessary to open
the tracks to their fullest, as in some operations,'spacers or
stop -blocks may be used in thé slots 83, or between the yokes
and cyllndérs, if desired. This will save wasting of énergy
and time, as well as the needless generation of heat. 1In

Figure 4, there is shown a stop block or spacer positioned in a

slot 83 to thus limit the outward travel of the pressure beam.



and piston/cylinder 94a toward and away from pi pe 26. Thus, when

pi ston/cylinders 94, 94a are actuated in one direction, pressure beans 71
ang 72 nove toward each other and the pipe 26 is gripped between the drixs,
chains 28 and 28a. Simlarly, when the piston/cylinders 94, 94a are
actuated in the opposite di rection, gfessure beans 71, 72 nove away from
each other and rel ease their grip on tH pi pe 26. It can be readily seen
that the upper pressure beans 71, 72 provide what may be referred to as an
upper gripping area constituting that area where the drive chains grip the
pi pe tightly when the upper pressure beans ar noved toward the pipe. It

m ght be said Thatist heddrsteodh&has, the ¢l steseitylld nderck sgndarygoke osack when
they are in gripping_engagenent with the pipe and that the drive chains or
tracks aﬁémbgéﬁeéoﬂ§lmiQBﬁQaQétbrUP@Péaﬁ@qt#QWeENQRPQﬂiQnﬁaqﬁ[ﬁﬂetxﬁﬁﬁﬁg
of the drive chains or tracks may be limted by suitable neans, such as by
the yokelt§bk@n4oright PREBSHER) PeaR§adionPReTe 2R iGIRse dihe fFacks to
piston/c%linder 94, .or Freferggly f.ar sone, allowing the trunnions to
engage tFRI_AD 8P ALSEPBPEI® 83 PnPERE *si de plates 84, 84a. O osing of the

engage 7% E2EPERY 83 PnPCE -si de 84a Cosi;
ot hor oby et ther Eagt seal mafhEfCag’ JIT peRRUIRRE el el Bt e

engagemel ané §eaRh eF5ULPe DRBTLAT ¢BWARRS afal Awale frivifle fiHISHed 8, Sl Ot S
83 in the side plates 84, 84a. To limt the retraction of the pressure

beams wheskés asa UPPEESRSEYYih@ePBENwhiEh! haekexiae thieil Keltite Afsd N

some operations, spacers or
described, to grip and release the pipe by closing and opening
the tracks or drive chains as deécribedfabove. The lower
pressure beams 74-and 75 cause the drive chains to grip or
engage the pipe along a region which may be termed the lower
gripping area. The upper and lower gripping areas aré alike
and are of equal léngth since the upper and lowéf pressure
beams are-identical, as are the components assoc1atéd thertetn.

The upper gripping area is spaced above the lower
gripping area an appreciaocle distance, providing a non-gripping
or neutral area 85 therebetween. This distance of 25 to 60
inches (63.5 centimeters to 152.4 centimeters) should be o’
adequate for most purposes, with 40 to 44 inches: (101.6
centimeters to 111.76 centimeters) being perhaps a good
. compromise. |
. Thne drive chains or tracks can be'caused to engage and

disengage the pipe in the-ﬁpper and iower gripping.areas
selectively and independently of each other. Thus by opening
the upper grippihg areé and leaving the lower gripping area
closed on the pipe, the pipe éan be moved downwardly until a

coupling or enlargement thereon passes through the upper



stop bl ocks may be used in the slots 83, or between the yokes and
cylinders, if desired. This will save wasting of energy and tine, as well
as the needl ess generation of heat. |In Figure 4, there is snown a stop

bl ocK or spacer positioned in a slot 83 to thus limt the outward travel of
the pressure beam It is understood tHaé the piston/cylinders and yokes
act sinultaneously upon both upper and | ower trunnions of the upper |eft
and right pressure beans to open and close the tracks to engage and

di sengage the pipe. In the sane manner as just described, the | ower
pressure beans 74 and 75 are noved toward and away fron1each ot her by yokes
and plstongéyPPhd@réreﬁh$Cﬁ asese£a¢VIynlmhe nhoserippt ndeoer inlead r atlo ageiap
and rel ease the pipe by closing and opening tne tracks or drive chains as
described &pevePeipE. | ofRenpERSsEPUPhARAE 074 C8RET 78NLATIETERS dsi ¢& &hditns
to grip or enga e the plpe al o I on whi.ch may be terned_the | ower

gri ppi ng’ aPRBTITHRPLPPe? §Rd FggespégngFﬁBpéPgaérﬁPecéplP@ SA9s8Fe tox

|1 th th d | b tical
Che conponBRFSISCEREi BiBR: 1 AEFER AL She R PwSF| SRt RE RPeATES SHRCES above
or “neut o) eREAHoShEEE ﬁﬁgﬁ‘%‘fﬂ?éﬁafj%?a 458, FRERYAERGoR, O P AR,
centinetergeger 153e4c6 giiﬁ@t gigirsneHkdebacRdequake 1boerNasii ppihgoaeea

with 40 to 44 inches 1.6 centineters to 111.76 centineters) being
per haps a gsmdeOGbﬁﬂeﬁsegaln after which the upper gripping area can
again be reopened upon the grrival of the next coupling. Thus,
\1\/ coupling after coupling can be passed through the apparatus
without ever being gripped in the upper or lower gripping areas
of tne drive chains. |

1t is impottant.wnen”running or pulling pipe never to
open both uppef and lower gripping areas at one time lest tne
pipe uncontroilacly plow out of the well or fallltherelnto,
uriless, of éou:se, the pipe 1s held by other means such as
silp;, r the lixe (not shown). For this reason, it is
recommended that an interlock mechanism be provided whicnh will

1% permit eitner one of the gripping areas to be opened only when
the other gripping area is closed.

Such interlock mechanism is provided. This mechanism
permits coupled pipe to be run into or out of a well with
facility since it includes upper and lower coupling sensors,
one above and the other below the injector mechanism, and a
timer control mechanism. The sensors sense the arrival of a
pipe couplang at the injector and initiate the timer control

mechanism wnich causes the injector's two gripping areas to



Tne drive chains or tracks can be caused to engage and di sengage the pipe
in the upper and |ower gripping areas selectively and independently of each

ot her. Thus by opening the upper gripping area and | eaving the | ower _
gripping area closed on the pipe, the pipe can be noved downwardly unti l k- of
coupling or enlargenent thereon passes through the upper gri pping area

and is safely in the non-gripping or néural area therebel ow. Wen the
cdoupling or other enlargenent is in this non-gripping area, the upper

gri pping area can be closed to engage the pipe, after which the | ower
gripping area can be opened to permt the coupling to pass therethrough.
Then, af o@ent Ha doupl itey adlleew sthehecdupllosy tdiepd Dsvetn@r é OIRE BGg B PatRalLbe
cl osed again after which the upper gripping area can again be reopened upon
the arri $&OPPRANGhENGe PLREOBRGIRP - Thus, coupling after coupling can be
passed through_the apparatus w thout ever being gripped in the upper or

| ower gri pping = éa&nﬁraﬁgidﬂe\%‘%%gﬂﬂt naw i%ﬂbdf?%ﬁﬁlmn runni ng or
pul I'i ng pi pe neyer .to open . both upper and | ower gripping areas at one tine
| est the pipe %ﬁ@o&(‘%&l‘ﬂé’ﬁ"y“}ﬂc&ﬁpﬁﬁ“{ dNGIHAGR 3N HIPReS | CQWRE BaGit Sensor
unl ess, course, .the.pi I, hel.d by other means such as slips,, or the

li ke (no;%gﬁo%r?)%s 1&0?’?#?? H’éaggﬂ,c"i NS RiRfe AP LINGS AF 5 R9 Rk
mechani sgLBePERY dedeHai W ;1 SR | ther . Ui boj ajeqas to
be ope_negb_cp,\nfy when t he O%E r ﬁﬂJ%%rtnIgét azﬁje'ar% slog{%sgcrc?Jéﬁlc%i n%“e%?roc{(@f :
mechani sehiéhpsersdedpipli €olpLiAGsSArriving at the pipe injector from

below, and a timer control mechanism 104 mounted on the trans-
mission.near the upper end of the injector. Thié interlock \,f)
mechanism is powered by fluid pressure,-howéver, a small part
of it is powered by air pressure, a$ will be brought to lignt.
It shoula pe understood that the upper and lower pressure
peams may be retracted much further than is necessary to clear
the couplings or other normal enlargements in the pipe string.
For instance, if tné pipe strlng‘is composed of 1 inch pipe
(2.54 centimeters), then the pressure beams need be retracted
only awout 1/4 inch (0.635 centimeter). in order to allow the
pipe coupling to pass through the injection apparatus. The \J
slots, such as slots 82 and 83, in the side plates, such as
side plate 84, in which the trdnnions, such as trunnion 77 angd
79, operate are sufficiently long to allow the pressure beams

to be retracted a full 4 inches (10.16 centimeters) to accom-
modate a quill as taught in U. S. Patent 4,515,220, incorprated
herein. Full retraction of the pressure beams may be limited
elther by the trunnion engaging the end of thé slot in the side

Plate or can pe limited by the'yoké,-such as yoke 90, coming



permts coupled pipe to be run into or out of a well with facility since it
I ncl udes upper and | ower coupling sensors, one above and the other bel ow

t he i njector mechanism and a timer control nmechanism The sensors sense

t he rival of a pipe coupling at the injector and initiate the tiner
control nechani sm which causes the injectgf's two gripping areas to

open in turn to allow the coupling to pass E%erethrough W t hout st opping
the pipe string. This interlock mechanismw |l now be described. -The

i nterl ock mechani smincludes an upper coupling sensor 100, seen in Figure
1, which senses pipe couplings arriving at upper end of the pipe injector

20, a | overipiipdddacensith 10¢s Wik €ha 665 eSudh PEs CaLPhArES 411 viRg at the
pi pe injector frombelow, and a tinmer control nechanism 104 nounted on the
trans- m suia¥tereast tWieiaippaie entil Dfa¢tealy eptoviddhtise | hirei t Dok maghani sm
I's powered by fluid pressure, however, a small part of it is powered by air-
pressure, axdindrily lreodgpendent gippon | the howi I -hep wilcrcleananecest in hthe -
upper and | ower pressure beans may be retracted much further than is
necessary mansifeatune ofohe ar WustPRFtHor mal enl argenents in the pipe
sjring For instance if,thsyﬁépe string is conposed of 1 inch. ipewé2.54
centirmeters), thdehafsife EOEIRITRAr bt et h e PN RolRiMRYe | neh

(0 cor oo R s Bt 4G LRI PRS- S5 BHG % 1Rg SLeguore e
plates, suglaif Yo's Adadét i WiLE Nfudd WA ene WibdcddpTThes. 77

\‘ In Figure 4, it will be seen that the side plate 84 is shown in
N

fragmentary view and that tne bell crank 106 and links 105 have
been removed to sho@ that the slot 82 in which the trunnion 77
operaées is partially filled with a limiting block or stop
block 82a held in place by a cover 82b pivotally supported 1in
Place by a bolt 82c screwed into the side plate 84. The yoke
90 supports the stop block in the slot from the back side. Tne
free-swinging coVer 82b is loosely mounted, and gravi;y will
move it to and hold it in the pendant position shown. ﬁowevero
tne cover can be freely swung aside as shown in the dotted
lines so that the stop block 82a can be removed'whenever it 1is
desired to retract beams further than ordinarily needed to pass
a coupling. Thus, when the cover is swung to the side and the
stop block 82 is removed, the slot 82 is again unrestricted-and
the pressure beams can be retracted to the fullest. With the
stop block in place as shown as in Figure 4, the pressure beams
can.be retrécted only until the trunnions strike the face_of
the stop blocks to limit retraction of the pressure beams.

This, of course, conserves energy, reduces fuel consumption,



79, operate are sufficiently long to allow the pressure beans to be
retracted a full 4 inches (10.16 centineters) to accom nodate a quil

t aught

as

in U S Patent 4,515,220, incorprated herein. Full retraction of
the pressure beans nay be limted either by the trunnion engaging the en E’

of the slot in the side plate or can be limted by the yoke, such as yoke

90, com ng into contact with its act or, such as actuator 94. The
of which one will actually provide the limting may ordinarily be

matt er

dependent upon the build-up of tolerances in the manufacture of the various

parts.

Referring nowto Figure 4, it will be seen that sinple neans is

provi dedahdr 1esgsehsngneéheeaet aadt tearofont hamepreegsipmerxeanEduwa bl wi St ance
which will just clear the pipe couplings. In Figure 4, it will be seen
the sideippartagt, i it shpardEnupbr 4heeAPera biiogw beeh useatt kenandpdnent ark 106
and |inks 105 have been renoved to show that the slot 82 in which the
t runni onf?c?“%ﬁérh?e% PinHRER; gl kD thel sems Manaerniegaly dfl ddie @throp
bl oCK 82a_hel d . in place_by a cover 82b pivotally supported in place by

bol t 82cS§EF§ka 2
bl ock |n

Ioosely

Phe. él)??eégf.“ﬁle%*‘g%’e‘?ﬁ% PHEnEPLE" BOR BIACE K IHTRIBHS el

desired

he cover swung to the side an
will be described later.

In'o;der to assure that eacn set of opposed pressure
beams will work in unison and that they will maintain egual
distances from the centerline of the injecﬁion apparatus, the
opposed pressure beams are linked in a m&nner as will now be
descriped. Referring again to Figure 1, it will pbe seen tha:
the ends of the trunnions are linked together by armslsucn a:
link 105. Each of the links 105 has one end thereof .attacned

to a trunnion, while the other end of each of the arms 105 1s

t hat

eoSife Btﬁéeﬁl &Fepgﬂ’r‘]’lﬁféi yaitd g0 %Wp?pc?rlt%c’%'hgs%‘iroﬁs
T 82
heneEoP mha®h: ot BGF P1RB, 0 FEVES B vy Svah, 83k pess

dn
S

Thus. mh%ﬁl%e&ﬁéﬁttﬁ@a@§1iﬁrige£otB@nugéﬁlnaghfzgﬂaqqegngoﬂ@§m%d}éaggﬂi ng;

VJ

attached to the outer ena of a double~endea lever or bell crank

106 pivotally mounted as by bolt 108 ﬁo the side plate. The
links 105 are equal in length, and they are attached to the
bell crank 106 at equal distances from the pbolt 108.
Therefore, wheﬁ the trunnions move toward~ané away from the
centerline, they, being linked together, must move equal
distances. 1In this manner, the pressure beams will-alwayé act
to remain equidistant from the centerline of the injection

apparatus. This in turn assures that the opening between the

\4



stop block 82 is renoved, the slot 82 is again unrestricted and the
pressure beans can be retracted to the fullest. Wth the stop block in
place _as shown as in Figure 4, the pressure beans can be retracted only
until*the trunnions strike the face of the stop blocKs to limt retraction
of the pressure beanms. This, of course, conserves energy, reduces fuel
consunpti on, and | essens tne wear and Ré&ar on tne equi pment. Equally

i mportant, it speeds up the operation because the novenent is reduced to a
mnimum | n the same manner, each of the other slots in the side plates is
provided with a stop bl ock, such as the stop block 82a, and with a cover

such as covpre82hre HBAE ShaPthkeesrY blec@ef®lthy Be ive RInRGHd Willne pe
slots and renoved only when the quill is to be used. The quill and its

pur pose w | kctbaignscribed later. In order to assure that eacn set of
opposed pressure beanms will work in unison and that they will maintain
equal distances fRefrethéngenver konEighrehé iofj e¢bei dwawipgnatits witlle bepsesad
pressure beans are linked in a manner as will now be described. Referring
again to Fi ghat thej pipe| injecsdon eppereseseRds hge ks LPRRT FIESHY e
l'i.nked together by arns such a link 105. Each of the |inks 105 has one end
t her eof attREABE ¥6 andr dAnF8kragkrfetPhdldOMeP ERYPANGadR20A™ R3PS ns 105

is attached .to_ the_oguter end OB a double-end$ | ever or- bell cran %pql
pivotal |y nBERiBE 38 b9 BBFE (BBreEBefNEeErde gFaPEPefhgrfﬁﬁW§e1 A% ‘equal

in lenath, and bey,gLe,gLhaphedabehgubehheibatty 198 3 oWl Yssteces

fromthe bo
cdupling 26a having been detected or sensed by the upper sensor

-
| 100 which through hydraulic circuitry and eguipment not yet
explained has caused the upper peams to retract. When the pipe
coupling 26a teacnés a non-gripping area betwegn the upper and
lower gripping areas, the upper pressure beams will again b
actuated to again engage the pipe to support it and to drive

it adownwardly into tne well. At this time,.tne pipe 1njection
apparatus would be in the mode seen in Figure 2 wherein poth

the upper and lower pressure béams would be in pipe engaging
position, tne only difference being that now there would be

a pipe coupling in the non-étipping areé, Before the pipe
coupling 26a reaches the lower gripping area, the lower

pressure beams 74 and 75 will be retracted automatically to.
allow the pipe ¢oupling to pass therebetween as is seén in
Figure 6. When the coupling 26a is sensed by the lower sensor B
102 near the lower end of the injection apparatus, the lower
pressure beams 74 and 75 will again be extended to pipe-
gripping posiﬁion.so that the pipe injection apparatus will

again be in the mode as seen in Figure 2 wherein both tne upper



Therefore, when the trunnions nove toward and away fromthe centerli ne,

t hey, being linked together, nust nove equal distances. In this manner, the

pressure beans will always act to remain equidistant fromthe centerline of

tne injection apparatus. This in turn assures that the opening between e

pressure beans and tnerefore between tne drive chains will be straight.
Referring now to Figure 5 of the draw_n it wll be seen that the pipe

Lnjection apparatus 20 has its upper ﬁk ssure beans 71 and 72 retracted to
| low a coupling 26a in pipe string 26 to pass therebetween. The upper
pressure beans 71 and 72 have been retracted automatically as a result of

t he coupah@glidber hayipgiheeardateakedgpippeRgednbypl e . UPRBEnS @R20HLR0

whi ch through hydraulic circuitry and equi pment not yet expl ained has
caused tdeuphpeg Heahsasoceepiinyg. 26lenst senpegebgotihki ngppedaseasolres a
non-gri ppi ng area between the upper and |ower gripping areas, the upper .
pressur el®and Qr¢lealbke beahcivatedesoribednwéhyabe dhétpapedtoasdpport
it and to drive it,dommmardly into the well. At this tine, the_ pipe

i nj ecti oM appEPURHENfot O bRith PRe2MbARedER PASE §aF§t2thﬁePehnt§8th t he

d | b Id be ip pi hgagi “tion th °
i 11 er erdRP TR WGERRAES (AUFT HEPS BBSPAthe hopepeotsHBEPagaFRathe 0

nonor P19 26e% BELPLE: LienRhe RRUBLH:AE3.LBeNES LREWhPARE BERRP "0,
af'?“’tf%hé“&&if*%ﬂ&iéﬁhﬁf&&EQSaﬁﬁPéséﬁt@ﬁS“iﬁ?eééiéﬁerLQzatus from
below, the lower sensor 102 will be engaged by the pipe -
coupling, and the lower pressure beams 74 and 75 will be | \‘fJ
retracted to.aliow the coupling to pass upwardly therebetween
and enter the non-gripping area. Then tne lower pressurelbeams
74 and 75 will be actuated-to pipe-gripping position after |
.wnich the upper pressure peams 71 and 72 will be retractedé to
allow the coupling to pass upwardiy tnerebetweeﬁ. When thne
coupling engages the upper sensor 100, the upper préssure beams
again will be actuated to pipe-gripping positién, and ﬁhe pipe
will tnen be supported énd driven by both the upper and the
lower gripping areas, as seen in Figure 2. |
It is readily seen that it is important to-always have
one of the gripping afeas engaged so that the pipe will pe
either supported against blowout or suppofted against pipe
falling into the well, or in order to move the pipe .up or
down. The mechanism for interlocking the upper and lower
gripping areas so that one cannot be retracted unless the other
is engaged is incorporatea 1ntolthe hydraulic mechanism which

also includes the sensors 100 and 102 previously described.



Figure 6. Wien the coupling 26a is sensed by the | ower sensor 102 near the
| oner end of the injection apparatus, the |ower pressure beans 74 and 75
wi |l again be extended to pipe- gripping position so that the pipe

i njection apparatus will again be in the node as seen in Figure 2 wherein
bot h the upper and |l ower gripping areas are gripping the pipe. Wen the
next coupling such as coupling 26a is sensed by the upper sensor 100, a
cycle like that just described will be initi&fked, and that coupling al so
will be allowed to pass first through the upper gripping area and then the
| ower gripping area. In a simlar manner, as the pipe is being wthdrawn
fromthe well an o] ' -.pr-qq:qﬂ e Jy I3 1P LAy o bel.ow,

t he | ower sensorQ?%ZH\?Mbrlgq%e&e%glage %‘3 tdr?gj %:\q%ieﬁg"oeg’gl ?{fgl,'q;ngdgﬁ% ﬁéo%er
pressure bgapgvi4 a88da7eoWplllinke apprioacthd &l lappadrs Wl iy tHrdimss
upwardly therebetween and enter the non-gripping area. Then the |ower
pressure babowe7érabdldh whnbl ihe racipoaised the reitee-igri i@ ted EDTvid I Wi fof
wni ch 't he upper pressure beans 71 and 72 will be retracted to allow the
coupl i ng t @ipdssaupeattkyupperehadndewe r\Waarn pricmg @r@aan ¢ ceropege andhe Aqiser
sensor 100, the upper pressure beans again will ‘be actuated to

pi pe-gri pprRgtResPrppAr grguensepiipe owdelr ttivedldows iigocoa® ldmng o \RASDY
both the upper and the | ower gripping areas, as seen in Figqure 2. It is
readi |y seERrengh thej aPPABALEENWitHONt\REd N9 B iBRe STt ia tAYFpilfd PF eas

engaged S0gLhaleNe, PLRS Ut LLoR8eehb iBanIURR LS sA9RY & YRY Frougn

| -\1\/ it withou; having to be stopped anywhere along the way will now
be described. Figure 7 shows a top view of the pipe injection
apparatus 20 with the upper sensor 100 mounted thereon and tne
timer 104 mounted on the side thereof.

Tne upper sensor 100 is preferably mounted onto a heavy

r of bolre

[ 2]

platé 120 secured atop the transmissior 3C by & pa
122, the plate having aﬁ opening therethrough in which four
roilers 124 are arranged and mounted as shown prOVidlhg a
square opening tnérewitnin for é purpose to be described but
wnich the”pipe will pass through into the injection apparatus.
The sensor 100 is moﬁnted on a post 126 so that the sensor
mechanism 100 is spaced above the sqguare opening'betwéen the
rollers 124. The sensor includes an arm 130 which 1s swivelly
mounted on the post 126 and has a pivot pin 132 passing through
©1ts outer end. A.pair of arms 134 and 135 are pivotally
.moun;ed about thne pivot pin 132, and on this pair of arms a
pair of V pulleys 140 is mounted tc form a small opening
therepetween through which the pipe will pass on its way into

or out of the injection apparatus 20. Also mounted by pivot



falling into the well, or in order to nove the pipe up or dowmn. The
mechani sm for interlocking the upper and | ower gripping areas so that one
cannot be retracted unless the -otner is engaged is incorporated into the
hydraul i ¢ mechani sm which also includes the sensors 100 and 102 previOUSrf
descri bed. The hydraulic circuitry and equi pnment which senses the,
arrival of a coupling approaching the apg?ﬁatus ei ther from above or bel ow
and in response thereto initiates a cycl®€ which will cause the upper and

| ower gripping areas to open and close in the proper sequence in order to
all ow the coupling to pass through the apparatus w thout being gripped or
wi t hout beim@Bdaismgectdnyrtdie upppr Nganechadi sm caadopeehapadt efmadcn
through it without having to be stopped anywhere along the way will now be
descri bedis Hagtened shdwsitaubir walveflibheapi provnj ecVadmeapdér angd uges
with the upper sensor 100 nounted thereon and the timer 104 nounted on the
si de therdd@lIungfy AN MDiGR bF cFRF 4P y19aded cBY ofPE1RINE4AYY pPate

v o are G TR, SHRATETARARE BRI Th Ta0 15 Jhewnted saehpaeh, EaByatRang

d rovj di ' i thin,f b
descr | bed Bt H1F e b Y nBRef oh ¥ (H4 ' ShEhg) sBpfgree™e 10 O
appar at ursﬁivw_éfaﬁ%lrmsl%d SAPUH LD Q) As POse r%@g%ﬁ%maiﬁﬁheossasgr the

nmechani srh 100 i's spaced above the square openi en the rollers 124.
The sens@faim@IdepuleysILI) MU SdY | ofed Vel | Y PRUST £8: 09nt hgyPBEt 126

and has a pivot pin 132 passing through
limited by suitable means. ;

Wnhen a pipe coupling paéses between thé two V pulleys '\,f?_
140, the V pulleys are forced apart-causing the opposite ends
of arms 134 and 135 to move closer together. When this oécuts,
one of the arms will depress the plunger 148 of the hydraulic
valve 146 and cause it to pe actuated. The valve 146 1s
resiliently mountec so tnat the impact:s of the arms will not
damage it, and this is_accomplished by mounting a spring 154
between the arm 144 and the arm 134 as shown. A bolt passes
tnrough the arm 134 and spring 154 and is screwed into aIIUg or
a nut welded on the bottom side of the arm 144.

As soon as the coupling has passed through the V pulieys
140, the spring and pluhger 150 return the sensor to its normal
condition shown in Figures 7 and 9.

Figure 8 is a side view of the transmission showing the
timer 104 mounted thnereon. Tne timer is better seen in Figures
10, 11 énd 1z.

‘The transmission which drives the two drive chains is

provided with a pair of side-by-side hydraulic motors 252 and



its outer end. A pair of arnms 134 and 135 are pivotally nounted about the
pivot pin 132, and on. this pair of arms a pair of V pulleys 140 is nounted
to florm a smal |l opening therebetween through which the pipe will pass on
its way into or out of the injection apparatus 20. Al so nounted by pivot
pin 32 is a central support arm 144 on the outer end of which is fastened a
hydraul i c val ve 146 as shown. Val ve 146 ggcl udes a plunger actuator 148
which is spring-loaded by spring 149. A suitable spring-Iloaded plunger 150
i s mounted between the arnms 134 and 135 so that the conpression in the
spring tends to pivot the arnms 134 and 135 around the pivot pin 132 to bias
the pair 0?52 plFieyseladD syoskronogethby. aThasractimashey bemingi pedrby
sui tabl e neans. Wen a pi pe coupling passes between the two V pul|eys 140,
the V pul |£9% ané $%rcé€e@phﬂtFé§B§Png th@hﬁﬁﬁogPF@fénﬁélﬁﬁ 5hRsCP84Nand
135 to nove closer togeth When thi s gQccurs, _one depress

t he pIunge?Pﬁﬂ% %¥stﬁ ﬁ?&r%ﬁlﬁﬁeﬁﬁlﬁﬁ Eh%“éﬁdzbaﬁgg FP“FodBéVSCFbsted. The

| 146 t t that th f ' t
Hanmge |, Batre et Fad 2BR) FBncBing Ak aREF Rt assaph ng>Rsneslb, eshe e
arm 144 angséhgea£H$&3ég§§l §8w@: ﬁiyflﬁepééigéekgéogght%ﬁ tg }§3eand

spring 154 and s scre oalu ed on om Si de of

the arm ldgy, £ S008 2% ghehggé'prggdp§§epéﬁ§§ﬂstDi?ﬂgﬂetB?ﬁ/eHUEEeyS 140,
the spring ARy pl unger 150 urn the sensor to its normal condition shown
in Figuresefa@ffy9the same speed so that as they drive the pipe in or out

L of the well, there will be no slipping or scarring of the pipe.

N\

Timing gear 154 also drives the timer 104. The driven
gear 160 of the timer is snown in Figure lz. This gear 160 has
its inward end mounted 1in a suitable bearing 162 mounted in one
of the walls 164 of the transm;ssion_30 and the other end of

“tne .gear 160 is supported by & dearing 165 mounted in tne
adaptér plate 166 of the timer whicn 1s attacneé as by colts or
screws 168 (shown in Figure 8.) If preferrec, gear 160 can be
a commercial gear mounted on snhaft 160a and securea by & pin
such as the pin 166. The outer end of the shaft 160a passes
through a suitable seal 168 and is provided with a keyway 1685.
The keyway 169 receives a'key not shown by which the'yorm gear
170 is attached to the end of the shaft 160a to be positively
driven thereb}; The worm gear 170 is a part of the timer
transmission or gear box 172 (Figure 8) having an output shaft
. 175 seen in Figure 13, and this output shaft 175'drives a
timing wheel 177 through a clutch mechanism 178. The clutch

178 is a commercial product and is shown in schematic only in



Figure 8 is a side view of the transm ssion showi ng the tinmer 104 nounted
thereon. Tne tiner is better seen in Figures 10, 11 and 12. The
trapnsm ssi on which drives the two drive chains is provided with a pair of |
si de- by-si de hydraulic notors 252 and 252a (Figure 7) synchroni zed by 3?
pair of nmesnei timng gears 154 and 55, seen in Figure 8. These nobtors
drive the chain sprockets 50 and 51 (see%n Figure 2) and thus drive the
chains 28 and 28a. The tim ng gears 154 and 155 bei ng neshed assure that
equal power will be delivered to the two drive chains and that these two
drive chains will be driven at exactly the sane speed so-that as they drive
t he pi pe Rigure dli. ofa tdhei veble tbmmerwibkl beuBenslispphegodr theabyisag of
the pipe. Timng gear 154 also drives the tinmer 104. The driven gear 160 of
the ti merCONE SHAIRCHES Ffnpm erQR-OIMATIQeaMinbOapald isl, sMinnesdtand Fbent ed
in a suitable bearing 162 nmounted in one of the walls 164 of the -
transni sSh Wednd tthe Rire bmieeotioncapparates 28 iapporustetyby bearing
165 nounted. in tne adapter plate 166 _of the tinmer which is attacned as by
bol ts or CoMRARSSESE idhowher Frier @l atsh | Peghapipreds BEGFSUEAZEENn BBea
haft. 160a and. s in_such as the pin

commero| B DL e B0 R OPTHT oG BeR! Prgigh, oo the PIn
i e LS ARy A e ey AEBnaRTER)Cenp KpkgRoLnETIAY
posi tivelpotdidrv®ern.nermiy ¢ i WHeR DeRf7 179 bSoRifBdtwPEnt BerbLEBE or
'. notch 177a in its rim as seen in Figure 1l1. A spring-loaded '
arm 178, having a cam follower or roller 179 on one end, is \'r)
spring-loaded by sprinnglunge: arrangement 180 éo that the cam
follower 178a is kept_in contact witn the rim of the timer
wheel 177. The normal inoperative position of the timer wheel
is as shown in Figure 11 with the cam follower 178a ét the
deepest part of the recess or notch 177a. -Wnen plpé such
as pipe 26 is being run into the well or being witndrawn
tnezefrom,'the cam follower would hormally be at‘thé deepest
part of the recess or notch 177a. 1In this condition, the
clutch 178 is notléressurized and therefore not engaged,
and the shaft 175 of the gear 160 does not drive the timer
mechanism. When, however, the upper or lower sensor senses
a pipe coupling which is approaching the pipe injection
mechanism, the clutch will become p;essurized and the tiher
wheel 177 will pegin to be driven and a cycle is initiated
which will be sbon_described. A bushing 200 of bronze or other

Suitable material and attached as by threads 202 to the timing

wheel 177 as seen in Figure 13 is formed with an external



transm ssion or gear box 172 (Figure 8) having an output shaft 175 seen in
Figure 13, and this output shaft 175 drives a timng wheel 177 through a
clutgch, mechanism 178. The clutch 178 is a conmercial product and is shown
in schematic only in Figure 13. A suitable comercial clutch is one of -
the DI SC CONE CLUTCHES from TOL- O- MATI C, M nneapolis, Mnnesota. The one
used in the pipe injection apparatus 20 igcactuated by conpressed air. Wien
the(clutch nechanismis pressurized, the clutch will drive the timer whee
177, and when the air pressure is bled fromthe clutch nmechanism the tiner
wheel is not driven. The tinmer wheel 177 is provided with a recess or notch
177a in it @nnidgags fdeagei 3 0Ri givien] Ir.e % i ing-dmatkeld camm V'8, 2 héavinoign e am
~follower or roller 179 on one end, is spring-loaded by spring-plunger

ar r angenentheggab@uth o1t HdmadRd Jlat@tdronadg MAvenedt 45 actn vl iaE e

rimof the Einer wheel 177. The nornal ingperative position of the tiner
wheel is agtshofinPRAIFP upérffFﬁQH1QQﬂ§§9%nW§ﬂWQiM§iQrﬁﬁ¥zﬁl%rﬂiﬁkﬁﬁﬁﬂﬁed

art of th tch 177a. i h as pi 26 is bej
PRto the waP EBF° BRI SIVEnBPART BR8 aF BRY (s ROLR (h9aRAd SRR dhor mal | y
be at the t ypart € L &C Iy 5N h 177a.. Jn.thjs .conditi.o he
clutch 1789?5925 lgr'esggfrliv%gd zz%(r?d%?’?g(r}g o%té%no .chﬁtgeéigg: ) rvaanc]’et %‘}s t"a]E‘bt‘}él?S
of the geapt1¢QadogaRakedr RY9 heakh1EsJHEChANImGu AN, hayRMeraiddeion

upper or | ower sensor senses a pipe coupling which is approaching the pipe
i nj ection peaBablskaliveehakbuacBping-loadeEa plemyer 2ad and itdie dr nie
outer end thereof a slot in which a roller 215 is mounted.

\1\/ Eacn roller 215 is pressed into contact with the surface of the
timer wheel at all times. The cam 220 on the timer wheel
"(Figure 1ll) 1is 1in tne patnh of the rollers 215. Wwnen the clutcn
178 1s_energizéd with compressec air condu-:éd theret¢ DY ar
air line (not sﬁown} connected to the clutch 175 at port 178a,
trne cone members 1780 wnich rotate all tne wnile tne pLpe ié
peing moved up or down 1s forced into engagement witnh the maie
cone memper 178c. Tne timer wheel then pegins to be rotated
relative to the cam valyes 210 and 212. As tne timer wheel
begins to turn, not only does the cam follower 79 begin to come
out qf tne deep part of the notch or récess 177a in the rim of
the timer wheel, but also thé cam_surface 220 pegins to pass
under ‘the valve 210, and this cam surface will lift the roller
215 of tnat valve and cause it to be actuated. .

Whnen the valve 210 is actuated, it causes tne -upper
pressure peams 71 and 72 to retract opening the upper gziép;ng
area of tne drive cnains to let the advancing pipe coupling

pass therebetween intc the non-gripping area which is between



wheel 177 will begin to be driven and a cycle is initiated which wll be
soon described. A bushing 200 of bronze or other suitable material and
attached as by threads 202 to the timng wheel 177 as seen in Figure 13\L§
formed with an external ‘annul ar flange 204 which retains a camvalve
nmount 206 nounted thereabout for Iimted rotational nmovenment as shown in
Figure 11. A pair of direction control:gflves 210 and 212 are nounted on

t he cam val ve nmount 206 as nmay be nore early seen in Figure 10. Valves
210 and 212 are secured to valve nmount 206 at flat surfaces 207 clearly
seen in Figure 11. Each direction control valve has a spring-loaded plunger

214 havi o} er. d ther.eof . i n | ch o) 2 |

nount ed. Qggcﬂxp%%?l g?%ng%i%s“ é}glﬁld‘qaniséo%sdnt 6'11‘(’:1{5 vq\hlbt%gt hgeégé?’fé eég?at he
timer whegghjakemlalint bfR% st ERMAZ A M ddif durRiceeRd H&idsr€nd lyalgei n
the path of the rollers 215. Wien the clutch 178 is energized wth

conpr ess@doaiih desdacted tieldeprigi tipmn air ine (not snown ) connected to
the clutch 178 at port 178a, the cone nenbers 178b which rotate all tne .
whil e the pi peThe bamngurface B2 0rexdmnis aaorgahe rmurengadpeesf timért he
mal e cone nenber 178c. The tinmer wheel then bbegins to be rotated .
rel ati vewheelh&heamghaane arz) ® fapborty 1500 slegreas eThtheagahef@ vk t®ft urn,
not only does the camfollower. 79 begin to cone out of the deep part of the
notch or theceear1pey ild2: Meichmdsrives thendrimffedihesiuti HIS¥FER N danyhen

surface 220 begi ns to pass under .the val ve 0, and this camsurface, will
Tt 1 he the) Raes whgel Rirnmn thd SRR OF st RF ack i ctpe cous1ihg

will have advanced from the upper sensor down to the .non- g,fi
gripping area. When the_cam surface 220 has completed its
pass beneath the valve'ZlO,-the valve 210 will return to its
non-actuated position'as_shoﬁn in Figure 10. |

About tne time that valve 210 is returned to 1ts non-
actuated position, the cam surface 220 bégins to contact anc
pass beneath the roller 215 of the valve 212 and will actuate
ﬁhe same. As thé valve 212 is actuated, it tends to open the
lower grlpping.arga by rettacting the pressure beams 74 and 75
but will not be able to do soc until sufficiént-hydraulic
pressure is built up into the actuators which are hdlding the
upper pressure beams engaged so ihat they will reliably hold
the pipe or drive the same. Only after the'upper gripping area
is made secure will'the'loﬁer pressure beams be retracted to
open the lower gripping area so that the pipe coupling éan pass
through the lower gripping area. The lower gripping_area will
remain open as long as the cam surface 220 is hélding the valve
220 in its actuated condition. When the cam has completed its

pass underneath the vélve 212, its roller 215 will ride off



When the valve 210 is actuated, it causes the upper pressure beans 71 and
72 to retract opening tne upper gripping area of tne drive cnains to |et

t he advanci ng pi pe coupling pass therebetween into the non-gripping area

whi ch™ s between - the upper and | ower gripping areas. The upper gripping
area Wi ll remain open so long as the cam surface 220 hol ds the valve 210 in
Its actuated position. The cam surface 220 Ex ends al ong the outer edge of
ti mer wheel through an arc of about 150 deg . The gear ratio of the gear
box 172 which drives the tinmer wheel is such that when the tinmer wheel

turns this nunber of degrees, the pipe coupling will have advanced fromthe

upper sensofpdl Qi té}lgm@%c, grid oPi Hge %%%V@f@ e C%Q@ﬁf%eiggo has

conpleted its pass beneatn e valve 210, the valve 210 w return to its

non- act uat b iRl tdr0Thos- & Wdtdd po Ik fordD. Wihentthie RapPeddat tiv@l Yowed 0
Is returned to its non- actuated position, the cam surface 220 begins to
contact andymigysi e naada Wikl relldsy, Alhafid hervé@l Vewedl preskut é | bedhsiate
the sane. As the valve 212 is actuated, it tends to open the | ower gripping
area by retamattingritllie hpr assiumndibanes the Bndpide bengag ing ipds beiab| g0 tthaly
so.until sufficient hydraulic pressure is built up into the actuators which
are hol di n¢heh@iRspdrs @aasiqurar inned andigredsivemady thath waper andbigwer
hol d the pipe or drive the sane. Chky after the upper gripping area is nade
secure wi | STHRPING @ 83 &utdH S HER Mt ed to open the | over

gri. Pping area SO‘I];l'lheatl'otwrgeer %epnesocrowgéhnﬁicsargl foazssmay be exactly like the
\1;/ upper seﬁsor 100 but need not have its post 126 secured to é
plate such as plate 120, but will likely be secured to the
floor plate 38 of the injector 20 (Figure 1). Wnen the pipe
coupling passes through the lower sensor 102, its vélve 146 is
shifted which bleeds the air from tne clutch 178, and the timer
wheel is no longer driven. At this time, the cam follower 179
nas entered the notcn or recess 177a in the rim of the timer
wheel and is at or near the deepest part thereof. As the
clutch'is diéengaged and the timer wnheel pecomes free—turhing;
the inward load of the cam follower 178a causes.thé timer wheel
to turn if necessary until the cam follower occupies the
deepest portion of the notch 177a of the timer wheel. The
timing cycle will always begin from this point.
Althéugh the upper and lower coupling sensors 100 and 102
are exactly alike, their functions must be reversed with a
change in direction of ﬁipe movement. For instance, when
running plpé into the well, the upper sensor 100 responds to

arrival of a coupling by causing air to pressurize the clutch



through the | ower gripping area. The |lower gripping area will remain open
"as long as the cam surface 220 is holding the valve 220 in its actuated
condi tion. When the cam has conpleted its pass underneath the valve 212,
its roller 215 will ride off the cam surface 220, and the valve 212 Grf|
return to its normal or non-actuated position. When this happens, the | ower
gripping area will close, that is, the B@&wer pressure beans 74 and 75 wil |
be returned to their pipe engaging position so that the pipe is again -

gri pped and/or driven by both upper and | ower gripping areas of the drive
chains. The | ower sensor nechani sm 102 may be exactly |ike the upper sensor
100 but lA8edondediavdhe & N9 126°kecurie t iowe pl sgrsaucheaBopeat 80120,

but will likely be secured to the floor plate 38 of the_ injector.20 (Figure
1) . V%eﬁ°PRé1ﬂﬂp€ﬂuﬁﬁH§Hﬂ?[ﬁﬁﬂﬁ%ﬁ?Pﬁfnkﬁ?t?&???ﬁwﬁos%ﬂgoF §051MtPE val ve
146 is shifted which bleeds the air fromthe clutch 178, and the tiner
wheel i §YR eI‘onger driven. At this time, the camfollower 179 nas -entered

th tch 177a it | t ' I d_i .
the decpest pAr “und: B8 ki indd Mifts, FEb) Rl oads PhachiB82e
becomes ef Lacvhidl Weld:, Wt dyliald |P8%il Iffeceiod AN drBaugauses the
timer eel” toturn’i'f necessary until the tamtollower occupies the

deepest mBRHERAN yOl sl sh@leh ubper afnd Nodd MBdopERhg Jéesdi &l D@o Cyhae Wil |

al ways begin fromthis point. Al though the upper and | ower coupling sensors’

100 and1$Q? tar alevadlel tedlddsed i haiow fthetlower nagnsde 1&Yecsesesi thea
timing cycle to be initiated and the upper sensor causes the
cycle to be ended. This is accomplished by hydraulic circuitry'
which will soon be explained.

Tnus,.it has peen shown that the cam 220 dn_tne timing
wneel will acutate the valves 210 and 212 to hold the upper &nd
the lower gripping areas open so long as the cam is undernéa:h
the valves and that the cam is long enough to holé the gripping
areas open for sufficient time to permit tne pipe coupling to
pass therethrough. 1t has further been shown tnat one of the
upper and lower gripping areas can be opened only so loﬁg as
the other gripping area is securely engaged with the pipe.

Tnis assures that the pipe will never be released uninteﬁ-
tionally but that it will alQays be_grippéd and kept under
control by at least one of the gripping afeas.

As was expléined earlier, tﬁe timing wheel 177 is driven
by tne transmission on the pipe injector mechanism and that the
ratio of the timing wheel has been geared down so thaé_a pipe
coupling will pass_from the upper sensor 100 to the lower

sensor 102, or slightly .below, while the timer wheel 177 makes



change in direction of pipe novenent. For instance, when running pipe into
tne well, the upper sensor 100 responds to arrival of a coupling by causing
air . to pressurize the clutch 178 to begin the timng cycle. The | ower
sensof responds to a coupling by causing venting of the clutch to end the
timng cycle. Aswill be explained noredully later, when pulling pipe from
the well, a reversal of the injection nismauto- matically causes the
upper and | ower coupling sensors 100 and 102 to al so be reversed. Now.the

| oner sensor 102 causes the tining cycle to be initiated and the upper
sensor causes the cycle to be ended. This is acconplished by hydraulic

circuitry Wniech OV'\!A; I Ie soon %%‘Meﬁx.pl ai nng. Thusé ét h S been shown that the
cam 220 on Y1e 9 rﬁlhgtﬁ/\/rfeee‘i 1°hcut E'e RIE VATRRS A AR Y12 t8%hol d the

upper and g,y ahs Gridipiaith A SRS PRAIL G4 OFMe eddior AR | fo UDdRE DRk N

t he val ves e cami1s long enough to nold the grippling areas open

for suffici dinE cydIQ,Mdnd Rhdd P& BHThd NEbUPL PP Spd S0e £ LR PGP dha
has further been shown that one of the upper and | ower gripping areas can

be opened ituated g dvWdre s¥dETr QX0 PP tige At e icysbeWELY bagagepleted.
t,he pipe. This -assures that the pipe will never be rel eased uninten-
tionally but thatRefiengiilng alomayto FEgpiempedizarahdkeltB uncler dtawlidy at
| east one of the gripping areas. As was explained earlier, the timng wheel
177 is dri wdrcuimyrw willr Hesexpliadinash with FieRPeTE ke ckhereade@Pa¥i@nd t hat
the control of the pipe injector mechanism by which a pipe coupling
.K\\/ is passable through the apparatus without being damaged or
| without being engaged bf the driving mechanism and with respect
to the interlock feature whereﬁy a gripping area can be opened
ocnly if the other is closed. |
Referring first to Figure l14A, a power pack is repre-
sented by the reférence numerél 250. This power pack wilil
include a source of pressurized nydraulic fluid ano a source
of compressed aif. Normally it Qill also include a prime mover
.and suitable pumps and_compfessors as may be necessary to
furnish presshrized fluids for the operation of the entire pipe
~injection apparatus. The power pack will usually be near the
well but not on the well. The pipe injection apparatus
naturally is installed upon the well in the manner described
in Patent 4,515,220. All of the valves aﬁé control devices
shown in Fiéures l4A and 14B will pe located on the pipe
ihjection apparatus or upon the control console which will be

mounted on or near the pipe injection apparatus. The control

console'(not shown) will be located at a convenient place SO



ratio of the timng wheel has been geared down so that a pipe coupling will
pass fromthe upper sensor 100 to the |ower sensor 102, or slightly bel ow,
while the timer wheel 177 nakes one conpl ete revol ution. Tne pipe )
coupling entering tne apparatus from above will actuate the sensor 100 t O’
initiate the tinmer cycle, and when the coupl i ng passes through and
actuates the | ower sensor 102, the tine cle will be conpleted. Referring
now to Figures 14A and 14B, the hydraulic circuitry will be explained with
respect to the automatic control of the pipe injector mechani smby which a
pi pe coupling is passable through the apparatus w thout being damaged or

W t hout bgj a t.he .dni yi i.S nd wth respect toth
interl o'ckeq‘lggt E?g \%Egrrg)é?'a%é(rii*p&a%% ?ra%gaec%a‘nrvbl:ewoﬁ\gneté'eorﬂ A %‘t‘eher
is closedypnRefgphtAfubi GHkekOntisgoRtkdA. @ pover pack is repre- sented by

the reference nuneral 250. This power pack will include a source of
pressurized nydaabl o€ thel HydrQudisoyvalVeqd, SHTWNCSYRAlcaldy MR Iy It
will also include a prime nover and suitable punps and conpressors as nay

be necesspiyutosf UBAI 8RaP188SURIreedommeirds a1Qly e iQR®NA i1den ddee entire

pi pe injection apparatus. The power pack will -usually be near the well but

not on thecexctéadihy pvpélabjlecti on apparatus naturally is installed upon

the well in the manner described in Patent 4,515,6220. All of the valves and

.control devi cesTBRohMdrautigumesorsa25adandB2hizial seenl doafdguse tiHA pi pe

I njection apparatus or upon the _control console which wll be
are supplied power fluid from the power pack 250 through the
manually actuated,'four-way, direction control valve 254. When .
the valve 254 is in the position shown, then the power fluid
from the power pack 250 will flow in a clockwise direction
through this valve and through the motors 250 and 252 to
operaté the injection apparatus to force pipe into the well.
When the valve 254 is shifted to its other position, then tne
fiow through tnis loop will be reversed and the injection
apparatus will operate to lift or move the pipe out of the
well., Counterbalance valves 255 and 255a are'provided in the
circuit as shown to provide control should the load on the
apparatus suddenly diminish or shift.

Conduit 258 is connected into the circuit just described

at a point between the valve 254 and the counterbalance valve
255. The other end of this conduit 258 is connected to the cap
end of a cylinaer 260. This cylinder 260 contains a piston 261
having a piston rod 262 extending from the rod end of the
cylinder. The piston rod 262 is connected to the timing

mechanism 103 in a manner which will be described later.

Another conduit 258a is connected between the valve 254 and the



mounted on or near the pipe injection apparatus. The control console (not
shown) will be | ocated at a convenient place so 35 that the operator .

wi |l have a clear view of the operation of the apparatus under his control.
Al'l oft.the hydraulic valves, shown synbolically in Figures 14A and 14B, are
comercially available itens and are readily available. Tne hydraulic
notors 252 and. 252a seen in Figure 14A a supplied power fluid fromthe:
power pack 250 through the nmanual ly actuated, four-way, direction control
val ve 254. Wen the valve 254 is in-the position shown, then the power
fluid fromthe power pack 250 will flowin a clockw se direction through

this val ve gaghtdrmainddesIDsOr 35850 and QQZsteoﬁasietgstehhaJ ¢eLi 8Bner
apparatus to force pipe into the wel [, "When the valve 254 is shifted to its

ot her posi témd, cddreecte® €d ovhé hvapgén8hos thepcyiihdbe eeder sed andethy
I njection apparatus will operate to lift or nove the pipe out of the well.
Count er bal ate esee| theat 2BEmnthe5eendu et p2b8i dedprassheigedeuthabsishowheno
provi de control should the | oaa on the appar atus suddenly dj m ni sh or
shift. Condthe Mstsr%o#mm%umt%sehescﬁ?@awbafugtgaescﬁhaédta?talBo. nt
bet ween the valve 254 and the counterbal ance val ve 255. The, ot her end

thi s condui%® t L3BAMAT PG RIRE c1p RAINGFrancyFRegeyYlbRder TRFQ "111

cylinder 260 cont ai 1%, Al Ak 2ondYL "G 8aPhal OnL O 882, o3t 80 DY, 50T

when pipe is being pulled, the cylinder 260 will retract. Thus
; when the valve 254 is in the position shown in which position
\W\Jl tne pipe will be driven into the well, the cylinder 260 will be
extended, but when the valve 254 is moved to its other position
sO that the injection apparatus will be moving the pipe
upwardly, tne cylinder 260 will be in its retractec¢ position.

A hydraulic conduit 270 extehds from the power éack 25G
and has & brancn condui£ 271 which supplies power fiuid to &
pair of cam actuated, three-way, direction control valves 146
and 146a. The valve 146 is the valve 146 which forms a part of
the upper sensor 100, and the valve 1l46a forms a like part of
the lower coupling center 102. .Conduit 270 carries hydrauiic
fluid at a pressure of aﬁout 800 to 1200 pounds éer sguare inch
(5516 to 8274 kilopascals).

A conduit 280 carryiﬁg compressed air at about 100 pounds
per square inch (689.48 kilopascals) extends from the powei
pack to valve 282. Valve 282 is a three-way, two-position,
direction control valve which is pilot actuated and detented in

both positions. Between the cam actuated valves 146 and 1l46a

and the valve 282 is a four-way direction control valve 284



cylinder. The piston rod 262 is connected to the timng nmechanism 103 in a
manner which will be described |ater. Another conduit 258a is connected

bet ween the val ve 254 and the count er bal ance val ve 255a, and this w
conduit 258a has its otner end connected to the cap end of the cylinder

260. It is easy to see that when the ggfduit 258 is pressurized, that is,
when the pressure in conduit 258 is sofMewhat higher than that in conduit
258a, as when pipe is being run, the cylinder 260 will extend, and when the
conduit 258a has the higher pressure, as when pipe is being puIIed, t he

cyl i nderwigchwi | pibwa@taSTﬂbgwmhenopheOﬁame P34oits iis ciransedied ont shown
in which position tne pipe will be driven into the well, the cyljnder 260
will be Ekl@hdéﬁ"eb%@smﬁ%ntPﬁec9aPVét23§8|yhﬁﬁve&“PBlHF§ SONET 6b§1 o)

that th t Wi rdl lind
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146a. ThEu éégﬁ %aE¥§zda£¥efﬂé6r$@' deE”EhﬁomgiﬁnﬁErtQ%o“pp%ﬁuéﬁnsor

100, and t orns a e par of the coupl ing ‘center ‘102

Condui t ‘Zﬂgn Ceﬁé ' §§p@yﬂﬁ &t Soh! aggaaataspnesssr €nOthabadiae8 rt Guhithg
pounds per square inch 516 to 8274 Kilopascals). A conduit 280 carrying

conpr esspipéi ined e@@u&emp PeeINds1per 284URLELI Behih688e4PolsiiltdRas GHown
extends fromthe power pack to valve 282. Valve 282 is a three-way,
t wo- posibéca@se of the high pressure in conduit 250 and pilot line 285.
When pipe is béing.run into the well and a coupling \,Fj
engages the sensor 100 at the uppef'end of the injection
apparatus, valve 146 will be actuated from the position shown -
iﬁ the circuit aiagram of Figure 14A to its other position'in
which power fluid will pass from the conduit 271 through the
vaive 146 and through tne val?e 284 whicn is.held oper: pecaus
the pipe is being run into the well and will be conducted to
the pilot of valve 282 which will cause the valve tc assume the.
position snown in the diaéram. In this position of valve 282,
compressed air supplied from the power paék throhgh conduit 280 <
will pass through valve 282 and will actuate the cylinder 178
causing its piston to extend. This pistoh/cylindet 179 is
symbolic of the disc/cone clutch iﬁcorpérated iﬁto the air
cldtch 179 which forms a part of the timing mechanism 104.
Wnen the clutcnh or cylinder 179 is energlzed,”the timer wheel
177 will begin its cycle which was previously explained. It is
noted that when a éoupling paéses through upper sensor 101, the

valve 146 is-temporarily-moved to its other position so that



direction control valve which is pilot actuated and detented in both

posi tions. Between the cam actuated val ves 146 and 146a and the val ve 282

is afour-way direction control valve 284 37 which is piloted as shown.

One éflthe pilots is connected via pilot lLine 285 to the conduit 258 which

supplies power fluid to the cap end of cyEsnder 260. The other end of the

val ve has its pilot connected via conduit 286 to conduit 285a which

supplies power fluid to the rod end of the cylinder 260. Thus, when the

pi pe injection apparatus 20 is in the node for running pipe into the well,

the val ve TWALAY}LIGL I G el bbRasontirrough bereusrl v ane wilh @aeseure in
is bejng run into_ the we

duit 250 d pil | i 85 ' d
Con 250 A Ay e B e BELRE i T bt £
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284 whicn is d open [err] e pipe is being run into t and will
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assune the position snown in the diagram™ In this position of valve

conpr essed valliveS Ud it fdnXD t WhdiPViRie RSUpIiNP Ui GHEBEd &H¥budh [tpeass
t hrough val ve 282 and will actuate the cylinder 178 causing its piston to
extend. Thingegitsioon/apdaratars B8 iengagdmlttee dfovdre sErspcdio? cludve
I ncorporated into the air clutch 179 which forns a part of the timng
mechani sm 1@%a will be momentarily depressed so that pressure fluid from
kﬂ\/ conduit 271 will be directed through valve 284 to the pilot of
valve 282 causing it to shift back to-its other position
wherein the compressed air from cylinder 179 will be vented
through valve 282 to the atmosphere, and as valQe l46a returns
to its normal posi;ion shown in Figure 14A, the line from the
pilot of valve 282 will be vented through valve 1l46a to tank,
as shown.

Thus when a pipe coupling arrives at the injection
apparatus from above and actuates sensor 100, the cylinder 179
i; energized with compressed air and the timer 104 begins its
tiﬁing cycle. When that same pipe coupling passes through the
lower sensor, the cylinder 179 is vented to the atmdsphere and
the timing cycle ends, the timing wheel having made but a
single_revolutioh. The v;lves 146 and 146a of the sensors

are left in normal position to await the arrival of the next

coupling.
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Wien the clutch or cylinder 179 is energized, the tinmer wheel 177 wl|
begin its cycle which was previously explained. It is noted that when a
coupl i ng passes through upper sensor ‘101, the valve 146 is tenporarily
novéd to its other position so that hydraulic fluid will pass through
the valve and will cause valve 282 to bé38hifted to the position shown.
Val ve 282 is detented so that-the valve will remain in that position even
t hough val ve 146 noves back to the position shown and the pressure in the
|l i ne connecting the two will be bled through valve 146 to tank. Wen the

i h h h.the inj i on- a . he |
Cancor 102, voRVBE RieACLFPRohdtaRe e e LA B AF At e T ui o
f ' e  di t ' ' 1. val
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arr frO”bS!Ehﬁ!Qgraﬂaage%lehdgeﬂ%&t el Powedh paRiv @583 AMS RS,
and as valve 146a returns to its normal position shown in Figure 14A, the
l'ine frOﬂ#heephhgt asf syawhe 283ndulilt RFOveXKtRGd Ry alve podifre tof tank,
as shown. Thus when a -pi pe coupling arrives at the injection apparatus from
above andoanecttiea sénhocohBOitt RFlcyin Fdgurk/d4As imvter FizpteMlidB as
conpressed air and the tinmer 104 begins its timng cycle. Wen that sane
pi pe couphowy.paifepechssagl ke ifodesisedoocondvd to\@Th®aull;/Pq s vent ed
to the atnosphere and the timng cycle ends, the timng wheel having nmade
but a sihgﬁécﬂ€§oﬁEPWoﬁ9“¢HétvagPePrPKGdéﬁdalPGésﬁﬂrﬁhéQQQQ%ﬂﬂsValve '

would be used to reduce the pressure to about 800 to 1200

o’

pounds per square inch. This practice, howevér, is not '\,fi

recommended. It is much better practice to have hothing

éemanding or.robbing pressurized fluid'fiom the circuit which

supplies the pipe gripping means. Preferébly, conduits 270 and

29d extend separately from the power pack. In-this manner,

cbnduit 290 as wili be seen is used to supply'pressurized

hydraulic fluid to the pressure beam cylinders.' It is a

dead-end circuit, and né other devices draw energy ffgm this

circuit. Conduit 290 as seen in Figure 14B is ﬁsed to'control

the operation of the pressure beams, etc. ' o .
Referring now to Figure 14B, it will be seen that the

conduit 270 supplies hydraulic fluid to four valves 210, 210a,

212 and 212a. Valves 210 and 212 are cam-operated, two-

positiqn,_four-way, directidn éontrol'éalves, and these are the —

two valves that aré on the timer meéhanism. Valve 2iOa and

valve 212a are manually control;ed counterparts to valvés 210

and 212 just mentioned. Normally valves 210 and 212.control

the opening of the gripping areas of the drive chains in an



are left in normal position to await the arrival of the next coupling.
Hydraul ic conduit 290 carries hydraulic fluid at a pressure of about. 2000
pounds, per square inch (13,790 kil o- pascals) and extends fromthe power
pack 250 in Figure 14A into Figure 14B as shown. Conduit 270 extends
beyond its point of connection.-wth condglt 271 in Figure 14A into Figure
14B as shown. |f necessary or if desireth®conduit 270 coul d be branched
fromconduit 290 provided a pressure reducing val ve woul d be used to reduce
the pressure to about 800 to 1200 pounds per square inch. This practice,

hovever, i Syl dmd ECOHEHHEI bdiind S B DBIE SFo PERELESR &9 ¥ e DREDT NG
demandi ng or robbing pressurized fluid fromthé circuit which supplies the

pi pe gri ppivedanvalRref2yaian onked st @ fhamnal PPOcent eoll seepacpering
fromthe power pack. In this manner, conduit 290 as will be seen is used to
supply presangd ides ingdrafultihe fupper tar ipping casen e drdnl tkewhservalve 2i2a
dead-end circuit, and no other devices draw energy fromthis circuit

Condui t 29CCams heearsad) to Manualdy jconfkail tEhe FREDING RN Feefins of Fhe
pressure beans, etc. Referring nowto Figure 14B, it will be seen that the

conduit 270*¥ffIIPHE Afsx 38 AP PG our val ves 210, 210a, 212 and

. Val d ' d,. two- i tion - '
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supplies power fluid to valve 300, but the two valves 210 and
kﬂ\/ 210a cannot supply poﬁer fluid through valve 300 at the same
_time. 'Normally valve 210a would remain in its other position
while pipe is-being.run automatically. Likewise, valve 212
when in the position éhown supplies power £fluid fo valve 302,
and valve 212a when in the position shown also supplies power
fluid to valve 302, but tnhe two valves 212 and 212a cannot
supply power fluid through valve 302 at the same time.
| Valve 300 is a manually-operated four-position, four-way
valve used to.ﬁransfer the function from valve 210 to valve
W 210a or back again, as desired. When.valve 300 is in the
pésitioh shown, it.cannot communicate with valve 210 but com-
municates with valve 210a, so valve 210a is the cdntroiling
valve. Valve.210a can be used at this time to perform the same
function tnat valve 210_wou1dgnormally perform, that of opening’{
and closing the upper pfessure beams. When valve 300 is moved
to its normal position, it would communicate with valve 210 and
provide automatic control of.the.upper pressure beams. 1In a

similar manner, valve 302 is supplied fluid by valve 212 or

e g e b st s iy R i T



and 212 just nentioned. Normally val ves 210 and 212 control the opening of
the gripping areas of the drive chains in an 40 autonatic manner being
responsive to the camon the tiner wheel. Valve 210 can be used to naanLyy
control the opening and closing of the upper gripping area, and |likew se
val ve 212a can be used to manual ly com&rol t he opening and cl osing of the

| ower gripping area as desired. Valve™10 when in the position shown
supplies power fluid to valve 300, and valve 210a when in the position
shown alwdwu@ilies paaBre f302 did cewad vey 3DDke bualvde3dwanal yesudd8d eod
210a cannot supply power fluid through valve 300 at the sane tinme. Normally
val ve 2iGmnefidd gortxial ifron svalnwer2bdstei 2h2ahané pagk. i s being run
automatically. Likew se, valve 212 when in the position shown supplies
power fluid tdhag theagam an tag Vel meap wheeh l£7tﬂ@t%§¢§i'6ﬂ13ﬁo 0akso
supplies power fluid to valve 302, but tne two V?|Vﬁ§-212 and-21§a.cannot
suppl y fverPasikiPn Hhamh i BAsure L4A Roveretinid Wikl Ras§oIFE™,

el | VSRR S R s SEHE SR SRS NE METERERENS, vt e
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beans. Wit reAl VRIFW WiB VIS detented in both positions. .Thus when
Qalve 300 has been shifted to the position shown, it will ;

remain in that position due to the detent. At the samé'time \‘rj
that the valve 210 islshifted to the position'shdwn; pilot.
pressure éan bleed from the other pilot of valve 310 back
througn valve 300 and through valve 210 to tank.

In similar manner, power fluid from the conduit 270
is supplied to valve 302 through valve 212 or 212a'depending
on whether manual or autoﬁatic opgratibn is the mode and the
power fluid'passes through valve 302 to the pilbt of valve 320
causing the valve to shift to the positiohIShown in Figure
14B. Since valve 320 is exactly like valve 310 énd therefore ~
detented in both positions, it will remain in the position
shown until it_is_purposely movéd to the other position. Valve
212 is a cam-operéted valve and is operated by tbe cam on thg
timer wheel 177, and this valve 212 rather than valve 212a.isl
in control dhring normal adtomatic operation. Thus, when valve

212 is actuated by the cam on the timing wheel, power fluid is

admitted therethrough and through valve 302 to the pilot on

[ 1 v S s vt am e v——— . e e =



to its normal position, it would comunicate with valve 210 and provide
automatic control of the upper pressure beans. In a simlar manner, valve
302 is,supplied fluid by valve 212 or . 41 valve 212a. Valve 302 is
exactTy |ike valve 300 and is used to transfer controd fromvalve 212 to
212a and back. Wien the camon the tiner wheel 177 actuates valve 210 to
the position shown in Figure 14A, power fjugd will pass from conduit 270
t hrough val ve 210 and through valve 300 to the pilot on val ve 310 causing
it to shift to the position shown. Valve 310 is a two-position, four-way,

pi | Ot - 0Per 3haY iAoMY A oeh!pife WU STt don dAGR 0 A0 G Mo s s

e
Thus when val ve 300 has been shifted to e position sho remaln

in that popblie®n rdwa d & riohe tdl PilrotMord NEnSadEnd:r Nend ot ddveada® will i s
shifted to the position shown, pilot pressure can bleed fromthe other

pi l ot of véleow BhEkbatitoulyhoweglvea |32 HHE ardl v rZLmh vl tiee AldhKO twidn | n
simlar manner, power fluid fromthe conduit 270 is supplied to valve 302

t hrough valthe 2h’h @202b2a tdaeandibese lorl Mhdidercompletedri taitpass ihy valve
operation is the node and the power fluid passes through valve 302 to the
pi.l ot of vailge ¥I23veawrdi2nyitdde refiura tte sitig tothen iposidsian odughdn its
Figure 14B. Since valve 320 .is exactly like valve 310 and therefore
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| manner, when the cam 220 on timer wheei 177 has completed its

\1~/ pass'by valve 210, the same thing happens--the pressure will be

| shifted to the other.pilot of valve 310 causing valve 310 to be
shifted to its other position. .

Valves 310 and 320 are direction control valves.which are
used to control the opening and closing of the upper and lower
gripping areas of the drive chain by actuating the upper and
lower pressure beams between pipe engaging and pipe releasing
ppsitions. Tnese operations are accomplished in a manner which
will now be described.

- Power fluid delivered through conduit 290 passes through
check valve 330 and is directed into the accumulator 332 to
charge the same. At this time, of course, the bleeder valve
334 is closed to prevent the escape of power fluid into the
tank 335. Pressure gauge 336 indicates the pressure oflthe -
charge in accumulator 332. As pressure is built up in thé '
accumulator 332, it is also built up in certain portions of the

circuitry. It will be noticed that pilot lines 337 and 339



timer wheel 177, and this valve 212 rather than valve 212a is in control

during normal automatic operation. Thus, when valve 212 is actuated by the
camon the timng wheel, power fluid is admtted therethrough and throug\d
val ve 302 to the pilot on val ve 320 shifting it to the position shown.

At the sane time, power fluid fromthe pilot on the other end of valve 320
will flow back through val ve 302 and ¥&R/e 212a to the tank. Wen the cam
220 on tiner wheel 177 has conpleted its pass by valve 212, valve 212 will
return to its other position, due to its spring, and the flom1therethrough

320. In %’Eé?'é%e‘jf%ﬁﬁﬁe?":m%%"%ﬁ 28R St Aned e R TR, bS%pEZ‘iZSd
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used to control the opening and cl osing of the upper and | ower gripping-

areas of vhhgedsiveifhbrankl eohdalitngqihe Hedk FadvieOIA0 s FHUex Heans
bet ween pi pe engagi ng and pi pe rel easing positions. These operations are

acconpl i opedaitrdatonahesenandhwiillll remailne sdedongbas phewsurld Wxistd i vered
t hrough conduit 290 passes through check valve 330 and is directed into the
accurul ator p33ott a3€hangecanao§ags opened b4y ipressoirecdir sondatidt Péeder
valve 334 is closed to prevent the escape of power fluid into the tank 335.
Pressur 2§58 SBGePﬁEPEaFééetﬁEe§P8§sur3hGFrtﬁénd“1t 342 will be

pressurized fully only to check valve 340.

Check valve 330 prevents the accumulator from dxschatglng\gfj
back through the conduit 290 which would otherwise happen
snould conduit 290 suffer a rupture or otherwise be bled off.

When check valve 356 opens, pressurized fluid is admitted
into the circuitry therebeyond. Preésurized.fluid'will thus
pass through pressure reducing valve 360 whiéh is now open and
will be conducted through conduits 362 and 364 to the valves
310 and 320. When pressure beyond valve 360 builds suffi-
ciently, it will begin to reduce the hydraulic fluid pressure
from about.zboo.pqunds per square inch to about 1200 pounds ﬁer \;)
square inch. Thus, the pressure béam actuating cylihdets 346
and 556 will operate at 1200 pounds per square inch and the
2000 pounds per square inch in the accumulator will provide
considerable :egerve fluid pressure to maintain a grip oh the -
pipe for an appréciable period should cdnduit_290 lose pressure
despite the fact that some small leakage may develop in the
circuitry. When the valve 310 is in the position shown,

pressurized fluid is conducted therethrough to valve 366 which



charge in.accunul ator 332. As pressure is built up in the accumul ator 332,
it is also built up in certain portions of the circuitry. It will be
noticed that pilot lines 337 and 339 - branch off of the.conduit 290 just
ahead of the check valve 330. Therefore, as the accunulator is being
pressurized, so are these pilot lines. Pilot line 337 is connected to a
check val ve 340 in branch conduit 342. Chigek valve 340 is pilot- operated
to close and will remain so |ong as pressure exists in pilot 337 and cannot
be opened by pressure in conduit 342 acting on either side thereof. Thus,
conduit 342 will be pressurized fully aonly to check val ve 340. Check val ve
330 prevent$ SREYRC RIS SCIMAdmPESEHRGi n® W Fa S NG dlh SIS WIS 290
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beyond val 0 burl - Cilently, it w begin to reduce the

hydraul i ¢ présduecbeant abta@tanguyd308eRaUnds RY calisd Her td ¢ iHL
1200 pounds per square inch. Thus, the pressure beam actuating cylinders

346 and 35@nai bbedpthet apper13e@ppingdarear. sqhens whdh alveng 0GB pounds
per square inch in the accunulator will provide considerable reserve fluid
pressure tehifitetaito dtgr ophen pbeitipnpe ther paessurrecdisalbledydrand tdeoul d
conduit 290 | ose pressure .
rod end of the upper pressure beam actuating cylinders and

\W\/ through valves 366 and 310 to tank. When the valve 310 is in
such position, ﬁhe upper pressure beam cylinders have their rod
ends bleeding to tank through vélvé 310, pressurized fluid is
conducted through valve 310 to the cap end of the cylinders 346
causing théﬁ to extend to pipe gripping position. |

In similiar manner, when the valve 320 is in the position
shown, pressurized fluid may pass'from conduit 364 therethrough
to valve 370 but when this valve 370 is in the position shown,
pressuriied fluid cannot pass therethrbugh and neither can it

N pass throﬁgh its bypass 372 because of its check valve 374.
However when the'#alve 370 is in its.othet position as due to
sufficient pressure on its pilot then preésurized fluid will be
conducted therethrough to the rod ends of thé-lower pressure
beams actuating cylinders 350 causing them to retract to pipe -
releasing position. At the same time, the cap ends of the
cylinders 350 are allowed to bleed to tank through valves 370
and 320. When valve 320 is shifted to its other position, the

flow of pressurized fluid therethrough is reversed so that the



despite the fact that sone small | eakage may develop in the circuitry. Wen
the valve 310 is in the position shown, pressurized fluid is conducted

t her et hrough to val ve 366 which is shown in its normal position. But ;
since the circuitry is. now pressurized, pilot line 366a will be o’
pressurized al so and valve 366 will be in its other position. In this
position, fluid will flow through valve 86, to the rod end of the upper
priessure beam actuating cylinders 346 to cause themto retract and open the
upper gripping area. Then, when valve 310 is shifted to its other

posi tion eggu [ ; 0 hg .10 Qf HRET ‘ﬁﬁﬁﬁre beam
actuati nng'go‘?:y ?ﬁ%e?g %ﬁg téﬁ?gﬁgﬁft\%ap\?gsgé&géﬁ q'??%o tiongtlank. t\m:an e val ve
310 is iyapees PPSi hhan320heoupank Whalelps dssaniawd Flerid hay edrimidtedd
ends bl eeding to tank through val ve 310, pressurized fluid is conducted

t hr ough tietoegBBlvalees hd20apndnd70f toheheylcapd ensis3HE tdnesioyd itntdEmg B350
extend to pipe gripping position. In simliar manner, when the valve 320 is
in the posusing themntopewtendi redpipei grippings posdddodonduit 364 =
t heret hrough to val ve 370 but when this valve 370 is .in the position shown,

pressuri zed fIGFd"EbknBFfﬂﬂ§§°FﬁeF@?ﬁrGﬁghvﬁﬁden@ﬁﬁhéﬁ'&%+qq aperated ough
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| ower pr% : ~al ers cagsing thémto retract to
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cylinders 350 are extended to pipe gripping position to _ \;fj

support the pipe in the injection apparatus, the pilot line
pressﬁre in conduit'366a is sufficient to maintain the valve
366 actuated so that fluid pressure'can be supplied to the rbd
ends of the upper:actuating cylinders 346 to cause them to
retract. It is important that the upper actuating cylinders
can be retracted only if the lower actuating cylinders are |
extended to pgge gripping position and that thgy are held in
this position by sufficient pressure to cause the valve 366 to
be shifted by pressure in the pilot line 366a. Valve 366 has a w
very strong return spring and reguires high pilot pressure for
its actuation. 1In similiar manner, it will be noticed that the’
valve 370 which supplies fluid preSsure_to tﬁe lower pressure
cylinders causing them to retract to pipe releasing position

is piloted by fluid pressure arriving through pilof line 370a
from the conduit which supplies fluid preésure to the upper

actuating cylinders cabsing them to extend. Valve 370 also has

a strong return spring and can only be actuated to tetraCt the



cylinders 350 are allowed to bleed to tank through valves 370 and 320. Wen
valve 320 is shifted to its other position, the flow of pressurized fluid

t her gt hrough is reversed so that the rod ends of tne cylinders 350 are
all owed to bl eed through valves 370 and 320 to tank while pressurized fluid
I s conducted through valves 320 and 370,t0 the cap ends of the cylinders
350 causing themto extend to pipe gﬂlﬁﬁ@m position. It will be noticed
that (the valve 366 is pilot operated and that its pilot line 366a is
connected into the conduit which supplies fluid pressure to the cap ends of

the | ower py drfcoa%ﬁ)@r?%t irﬁﬂe:cé"M‘&'ﬁr§h§5S’B%JP“?c%ﬁgégﬁx%@ygif{mﬁgg@r5
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to maintai e 6 actuated so that fluid pressure can be supplied

to the rod @i gdsitionPiers@etibidnd €y hoter ehe4foh® S6AUERet PEPRL O
retract. It is inportant that the upper actuating cylinders can be

retracted ofien; faddeodlopetharc) uai iNotky | preessrar enepiktotdellite BVPa be
gripping position and that they are held in tnis position by sufficient
pr.essure tcwHisridrnite talshl 356the welwhi 3T@dtdyips cother positiopil ot |ine
366a. Valve 366 has a very strong return §pring and requires high, pil ot
pressure for its Bhssiaky ovE seen sthat jthe nbpber lock RmechanishoPreBideR by

t he valve 370 which supplies fluid pressure to the_|ower pressure cylinders

causi ng t heth FERES RALAGNE RE rre L3 HeHoissi apdi 370 18t 8uchythati ane
pressure arorg Vfihneg Jg‘éeor“%hz pliolvgetr lgirnfpg’fgg areas can be opened only if the
\1\/ other of the gripping areas'is'closed. Tnat is, the upper
pressure beams cannbt be retracted to release the pipe unless
tne lower pressure beams are hélding the pipe, and vice versa.
It is extremely important that one of the gripping areas grip
the pipe at all times to support it against blowout or against
falling into the well, and élSO'to drive it either into or out
of the well. |
| As was stated earlier, the cngck valve 340 which is
piloted closed remains closed so long és the pressure in pilot
A  1line 337 and therefore in conduit 290 remainé at a sufficiently
high level. Should, however, the conduit 290 become ruptured
~or pressure should otherwise be lost, check valve 330 would |
close immediately, but pilot lines 337, 339, 339a and 339b
would lose pressure along with conduit 290. Loss of this piiot -
pressufe would cause check valves 348, 352 and 356 to close and
check valve 340 to open. <Check vlves 348, 352, and 356 are
- needed because valves 366 and 370 do not shut off tightly and

would, in time, bleed the accumulator 332 down and cause the



fromthe conduit which supplies fluid pressure to the upper actuating
cylinders causing themto extend. Valve 370 also has a strong return spring
and can only be actuated to retract the | ower actuating cylinders thQJ
t he'upper actuating cylinders are in pipe gripping position and the
pressure holding themin this positiongdls sufficient to hold the |oad of
~the pipe. Then, and only then, will the pressure in pilot Iine 370a be
sufficient to shift the valve 370 to its other position. Thus it is seen
that the interlock nmechani sm provided by the cross piloting of the val ves

366 and gi7fl ign Ssh S1a¢ e@er 1! NeCHBERT v2ivke"Shgd" BB, NG ol B e

opened only i e gripping areas is close
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| ower pressure beans are holding the pipe, and vice versa. It is extrenely

i mpor t andi thadhédie wdlede3 40 i Hewngpenheaprgbspréheénpthe atccamullaitdes ifsd
support it against blowout or against falling into the well, and also to
drive ittisrismitted ctiorowgh tiietdendeits A3lvandsBdfetioedhlei shuttde check
val ve 340 which is piloted closed remains closed so [ong as the pressure in
pil ot |i%lvEBB4hd t(The Shuktle ¥ahvei34200irestipnshias 134 Peessung hi gh
| evel . Shoul d,, however, the conduit_ 290 becone ruptured or pressure shoul d
ot her wi &0 IRAtRhAL the npper, ok the 1RY¥RH PFESSvraRE8RR: 8FFUa5H il ot i nes
337, 33%&]%%%? anqﬁﬁQQb. d Iosg ﬁresggre along.,with conduit .290. Loss of
this pi I9EgRe2s1t% WoulP R PR KPRAFDBYSS438S 38,PARE 9EAPPANG ose
and position. In the position of the check valve 344 as shown in

the drawing, pressure from the accumulator arriving through ;;rJ'
conduit 342 at the shuttle valve would be directed through the
shuttle Valve to the upper pressure -beam actuating cylinders
346 and will hold them in the pipe gripping position. Thus the
pressure in the accumulator will be applied to the pressure
beam actuating cylinders to maintaih a secure grip on tne.pipe.

The hydraulic circuitry shown in Figures 14A and 14B have
thus far been described with the pipe injection apparatus in
the running in mode, that is, the pipe handled thereby has been
moved into the well. To reverse the direction of the pipe so \) 
that the pipe will be moved out of the well, the valve 254 will
be moved manually to the other of its two-positions so that the
flow therethrough will be reversed. In this position of the
valve, the power fluid from the power pack 255 will proceed -
through the valve 254 and will be directed through valve 255a
to the motors 252 and 252a to turn them in the opposite

direction from which they were turning when the pipe was being

moved into the well. The spent power f£fluid from the motors



check val ve 340 - to open. Check vlves 348, 352, and 356 are needed because
val ves 366 and 370 do not shut off tightly and would, in tinme, bleed the
accurylat or 332 down and cause the grip on the pipe to fail. Check

val ves 348, 352, and 356 snut off tightly and prevent such | oss of

accunul ator pressure. Wth check val ve 34Q, now open, pressure in the
accunul ator is transmtted through the co Its 331 and 342 to the shuttle
val ve 344. The shuttle valve 344 directs this fluid pressure to either the
upper or the |ower pressure beam actuating cylinders 346 or 350, or both,
whi chever wisll nf lowethyropyh ngabwsi 25Hnbatk tbetpesvaive 254t apdchieok val ve
344 as shown in the draw ng, pressure fromthe accunul ator arriving through
condui t 34hexe 19 ththe PAUEEL PIRK| Wherediteridd Pardepnsikedshnt the
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of the valve, the power fluid fromthe power pack 255 w || proceed through
the val ve gpd prekaidd e 288 pctind piéooghinatne @pbinder 260 will be
.k\y/ retracted for a purpoée.which will now be explained.
Please refer to Figure 11 where it is seen that the
cylinder 260 has its piston rod 262 connected as by pin or bolt
| 262a to the outer end of level 206a mohnted on the cam valve
mount 206. The cam valve mount 206 as before explained is
mounted rotatably about the'bronze bushing'zoo. The cam valves
210 and 212 are mounted on flat surfaces formed on the cam
valve mount 206 so that the rollers on the plungers of the cam
valves roll on the surface of the timer wheel 177. The timer
N wheel is provided with a faiséd cam 220 which extends for about
150 degrees along the rim edge of the wheel. When this cam
enéages one of the rollers, it cams it upwardly to depress the
plunger and actuate the cam-vélve. when the cam has finished
paésing the cam valve, the roller of the cam valve rolls off of
the cam, and the valve is returned to its unactuated condition. -
When the pipe is being run into the well, the :e;ation between
the cam valves and the timer wheel is as shown in Figure 11.

| In this position, the piston rod 262 of the cylinder 260 is in




to the notors 252 and 252a to turn themin the oppasite direction from

whi ch they were turning when the pipe was being noved into the well. The
spent power fluid fromthe notors will flow through val ve~255 back to
the valve 254 and fromthere on to the power pack where it wll ‘be -’
deposited in the tank (not shown). Wth the hydraulic notors 252 and 252a .
now running in the reverse direction, thigfressure in conduit 258a wll be
hi gher than the pressure in conduit 258. Conduits 258a and 258 are
connected to the cylinder 260 which is nmounted on the tiner-104. Since the
pressur e the 3x8=i €t Somoshawrat eWhéhabthehdipeetione oifn the8 hydrauliist e tiord he
cylinder 260 will be retracted for a purpose which will now.be expl ai ned.

Pl ease r 52 and R3RA cane peeersed ip ocdert ot reversel ithecdizes tian jafs

pi ston rod 262 connected as by pin or bolt 262a to the outer end of |evel
206a rmourRiRe deveRertum the @y hbnder 2860 iBec aciuakedy sonsetragys the before
expl ained is nounted rotatably about the bronze bushing 20Q0. The cam val ves
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t hi s cam'engages one ers, 1t canms it upwardly to depress the
plunger ayl AditiehddDEHBYM Vo0 JbgPebBe CATLBIS theNikaled saasengnlehe

camvalve, the roller of the camvalve rolls off of the cam and the valve

i's returatdr®s 152 WP 1250 £Cco0Sest a0Peversal in the direction in which
the timer wheel 107 is rotated. In Figure 11, the timer wheel \JJ
is rotated in a counter-clockwise direction because in the mode
shown with the piston rod 262 of cylinder 260 extended, the
pipe is being driven into the well. When the direction of pipe
movement is reversed as by actuating valve 254, the direction
of rotation for the timer wheel 177 will also be reversed and
_will now be rotating in é clockwise'directibn as seen in Figure
ll; With the direction of pipe movement reversed and with the
cylinder 260 having its piston rod 262 retracted, the cam
valves 210 and 212 are displaced from the position shown in
Figure 11 to a positioh'about 60 degrees counter-clockwise
therefrom. The rollef of the valve 212 would be very close
to the end of the'caﬁ 220 on the timer wheel. 1In this
position, as soon as the timer wheel begins its clockwise
rotation, the cam wiil soon thereafter actuéte_the valve 212.
The valve 212 when actuated céuses the lower pressure bean
actuating cylinders to'reﬁract and stay retracted as long as

the cam 220 holds the valve 212 actuated as before explained.

‘]



When the pipe is being run info the well, the relation between the cam
val ves and the tiners wheel #s as shown in Figure 11. In this position, the
pi stok_rod 262 of .the cylinder 260 is in tne position shown. \Wen the
direction of the hydraulic notors 252 and 252a are reversed in order to
reverse the direction of pipe noverment, theggylinder 260 is actuated to
retract the piston 262 thereof, thus applying a force to the | eved4 206a on
t he cam val ve nount 206 and causing the camvalve nount to rotate in a

count er - cl OGnErS &l Bl I29D 1S Snemldmed:i;m&ﬁn%;l,bé&a%r@i@i@mﬂ@é gphput
60 degrees. Also, the reversal of the notors 257 and 252a causes a reversal

in the direditisonldadivdy @nd hedimertoMmtiualify tive ikt 210J) N Valwe €212,
the tinmer wheel is rotated in a counter-clockw se direction because in the
nmode shown witld tredurinstton irted Wit tofated ipodsirt 260 abawndee time ptlpeti s
being driven into the well. Wen the direction of pipe novenment is reversed
as» by act uatiadgey 219 bepsomesh @activated . .on Wren stakveorR¥brretnrns ke Lkkel
177 will also be reversed .,and will now be rotating in a cl ockw se direction
as seen in M§Gt¥ated Rosdtden dilteGaUGeSHLHA JOwas ARaASULS R and with
the cylinder 260 having_i.ts piston rodd§62 retracted, the cam val ves, 210

and 212 ar e 2GtUAtIDG  HLIRALRS FOsieXtERSs 1RavtRaE BheuRiPe Wit bR gRiRped
abobt, B0 0o%e EhaC QUSRNSSR S, vHIS S s i L R
DO o SRS EAREED B, YR, WISl el St B o e cam
\\\/ retract, but they cannot retract until the pressure in the

lower actuating cylinders is sufficiently high to cause the
valve 366 to be actuated by sufficient pressure in the pilot
line 366a as befo;e expléined.' In this manner, the uppér
gripping area cannot be released until the lower gripping area
takes over with sufficient force to carry the load, that is, to
grip the pipe sufficiently to prevent the pipe from blowiﬂg out
or falling. |

The shifting of the cam operated valves 210 and 212 in
the timing mechanism by actua:ing the cylinder 260 is neces#ary
in order to properly coordinate the movement.of a pipe coupling
through the ?ipe injection.apparatus for the following reason.

The non-gripping area 85 in the pipe injection apparatus
is preferably of adeguate length. In the apparatus constructed
in accdrdénce with this invention, a non-gripping area 85 of
about 48 inches is provided. When pipe is being run into the

valve, the upper gripping'érea is opened to allow a coupling to

pass through; and then as soon as that coupling reaches the



The val ve 212 when actuated causes the | ower pressure beam actuating
cylinders to retract and stay retracted as |ong as t.he cam 220 hol ds the
val ve 212 actuated as before expl ai ned. 50 When tHhe cam 220 has finishe
passi'ng beneath the valve 212, its |eading end begins to actuate the val
210. Valve 212 will return to its unactuated position about the tine that
val ve 210 beconmes actuated. When valve 2 returns to its unactuated
position, it causes the | ower pressure béam actuating cylinders to extend
so that the pipe will be gripped in the |Iower gripping area \Wen valve
210 is actuated, then it causes the upper pressure beam actuating cylinders
to retrRIN-PUIPPHRY 2EAAot thet LRPErUBEIPPING preasmay be ciosesh@gain

actuating cylinders is sufficienalg;high to cause the valve 366 tq .be
act uat ecPIReE rhich chire plewer, GripPing Bregt CAPHEe38B8NES MEr &P AR ned.
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i njection apparatus is preferably of .adequate |ength. In-the apparatus
construatesttkrs) long. When pipe is being removed from the well and a
coupling approaches the pipe injection apparatus, thé 16wer
gripping area must be open to allow the coupling to pass \—f)
therethrough into the non-gripéing area, but as.soon as the
pipe coupling reaches this non-gripping area, the iowe:
griéping area must be closed and the upper gripping area open
to allow the coupling to pass theteth;ough. Again,_it takes
time for the lower gripping area to close and for pressure to
build up and then for the upper gripping area to opén before
‘the coupling reaches that point. Again, the non-gripping area
must be about 48 inches long in order to allow a coupling to
pass through the pipe injection apparatus safelylwithout having \u/
to be stopped to await the action of the opening and closing of
the gripping areas. Of course, it is understood that with a
sufficiently long gripping area, the coupling could be moved to
the center of the_non-gripping area before the griﬁpipg area -
through which it had just passed was céused_to close and before
the next gripping area would be caused to opeﬁ. ‘Should ghis be
the case, the gripping area would have to bé approximately 96

inches long. Thus.'in-order to.minimize'the length/height of




in accordance with this inverftion, a non-gripping area 85 of about 48
inches is provided.; Wien pipe is belng run into the valve, the upper
grlpgéAg area is opened to allow a coupling to pass through, and then as
soon &s that coupling reaches the non-gri ppi ng area, the upper gripping
area may be cl osed again after which the1g wer gripping area can be opened
up to allow the coupling to pass therethr Since it takes time for the
gri ppi ng areas to cl ose and pressure to bUI|d up and the other gripping

nocossari | yEng pibd Gt Re 1o TafPRPaLUD, ' Enb! BT ihAgdy 0BG, 95’ BBLATLE' §R1 kS
removed frogd heaiwdd 276 é’n&oﬁ’i'Eﬂré@BﬁoﬂcﬁﬁpiﬁéeﬂéRE bEJ 8sbleneo

appar at us, the | ower gripping area nust be open"to allow the coupling to

pass ther etdeqteds i fiom tdvee NAGAQr tHPLHE atRar.bPUEnagheéPpNpasitREnPER6wn in
coupling reaches this non-gripping area, the |lower gripping area nmust be

cl osed and Pigurepel, gthe@pabves e210pandt 212l how pbaicmupédngororpnning
therethrough Again, it takes time for the lower gripping area to close and
for pressurpipe ingd cchg well ; hamd fwhen hthepparegshppted eoentép-opeckwise
before the coupling reaches that point. Again, the non-gripping area nust
be about 48abqw¢1e@ |dﬁ9;cees orthey tare| invpesibipni figrt pipastot heonuhlede

et on'of tHPTJaie i Saf%###%‘P?t‘%e“%%%%ée2&%&88%?3@28»23&&%%.“2
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KT\/ in conduit 258a becomes greater than the pressure in conduit
258, the valve 284 will be shifted to its other position due to
the pressure in pilot_line 286 exceeding that in pilot line
285. Thue, the flow of fluids through valve 284 is reversed,
and this causes a reversal of the upper and lower sensors so
that these sensors have a reverse effect on the air cylinder
179 of the timer. Under these conditions, the valve 146 of
the upper sensor would cause the air cylinder 179 not to be
energized but to be bled off, and, similarly, the valve l46a
of the lower sensor would not cause the air cylinder 179 of
the timer to be bled off but would cause it to be pressurized.
Thus, it has been shown that the control circuitry of
Figureé 14A and 14B controls the pibe injection apparatus and
that it can control the movement of the pipe therethrough in
such manner that pipe can be run into the well or be pulled
from the well so that the couplings in the pipe string can be

passed through the drive mechanism of the injection apparatus



t hrough which it had just passed was caused to cl ese and before the next
gri pping area would be caused to open. Should this be the case, the
gripping area woul d have to be approximately 96 inch€s |long. Thus, in orde
to minimze the | ength/height of t-he pi pe injection apparatus, the
cylinder 260 is used to shift the valves 210 and 212 t hrough a di spl acenent
of about 60 degrees fromone node to the®ther. In their position shown in
Figure 11, the valves 210 and 212 are positioned for running pipe into the
wel |, and when they are shifted counter-cl ockw se about 60 degrees, they
are in petthooh beingi peippefetherkby aBndnwilthont! necelssarxulye,stidpmimegl d
be remenbered that when the hydraulic notors 252 and.252a are reversed and
t he presthecPipecbnderdepsta meventbegronpdingsakherethrongh«e in conduit
258, the valve 284 will be shifted to its other .position due to the

pressure in piTet PiRe dR3eckieRJPRBarALES; R0pi B5: wasnbefore B¥PIainesd | ow
f fluids_th h 284, | d d .t hi J | qQf th
Cpper ant| SHEPEE NEEY a a1, SFHE B8 EnBY, densy 5847 IhoBec Bhr ibent, (e

[ [ | Ifal QF .th | 146 of th
Coper shan 41 gts (220 WhioThas BEh, 1hESERERRKEL' RePpih Ry BefBrente o b
bl ed off s B g t 4 h - ' He.d t
cause 1 rEpE Uil U0G dden 1 ¥R NFed 108A0anaNEsbHEE YR RHE Hael o i ¢
to be prpseposgess theisquill s dess168eanihhel shepaeBhkol ,8iaGizpry Of

Figures 14A and 14B controls.the pipe injection apparatus and.that it can
cont r ol This npyElkErgentitdectipe ppip@ecinfjbceigh apparatus 20 to both
dtive the pipe longitudinally and'rotationally, either indepen-g;f).
dently or simultaneously. The quill 400 has a body 404 to the
upper end of which is mounted a rotating mechanism 406 through
use of a qnidh 408. On the upper end of the rotating mechanism
406 is a gripper mechaﬁism 410 attached through use of a union
412 which may be éxactiy like the union 408. Gripper mechanism
410 may be gxactly like éhat disclosed in U; S. Patent 3,215,203
to Sizer, supra. The quill 400 need not be greater-in length
than the quill shown in Patent 4,515,220 although the injectioh
apparatus is appreciably'taller, since the quill will be \;
controlled manually using valve 210a to actuate the upper
gripping area while the'lower'gripping area is locked open by
manual valve 212a; ' - |
Figure 16 is a ﬁranévérse sectional view ﬁaken through
Figure lSA and is similar to that shown in Fiéure 3. However,
‘in Figure 16, it is seen that the body 404 of éuill 400 is
being held in the grip between the drive chains 28 and 28a

which are held in pipe gripping position by upper pressure

beams 71 and 72. It is noticed that the body 404 of the guill



such manner that pipe can be*run into the well or be pulled fromthe well
so that the couplipgs in the pipe string can be passed through the drive
nmechani sm of the injection appar at us wi t hout being gripped thereby and
wi t hott necessarily stopping the pipe in order to nove the couplings

t her et hrough. The pipe injection apparatus 20, as was before explained, is
usable with a quill such as that describegyn U S. Patent No. 4,515,220
whi ch has been incorporated herein by reference. The quill 400 seen in

Fi gures 15A and 15B serves the sane purpose as the quill 75 disclosed in U
S. Patent 44BaS;BZQenIbangushbaper iht grbee-Blept ion Bt ehazpeach! drHert O
both drive the pipe longitudinally and rotationally, either indepen- dently
or simltanésusbptolhedqiinl sem@cinaslarbfaghion to Phssspﬁeﬁcemweoﬁnﬂma:h
is mounted a rotating mechani sm 406 _t hrough use of a union 408. On the

upper end ofhahasrat&haRg WBéRhndsmiibe thax QﬁlﬁﬁérPﬁﬁ@héﬁﬂsﬁﬁ4f@eaﬁﬁﬁﬁhéd
th h f 412 whi tly | th 40
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actuate the®BpPer gri pprng af ea wh Power “Gripping ar "ocked

Cheouh FrBLCKRAIE Si2tiabhaptociinl asehp pHed’s pSeih ueptiegosien
in this application, the pipe injection apparatus 20 is capable
\1\/. of retracting its drive chainé until each has moved away from'
| center by a full 4 inches (10.16 centiﬁeters). This 4-inch
movement, of course, is aécomplished by first removing'the stop
blocks, such as the stop block 82a seen in Figure 4, so that
the trunnions may retract fully in the slots, such as slot 82,
formed.in the side platés. When such stop blocks are removéd,
the pressure beams can be retracted a full 4_inches, thus
providing sufficient sbace between the drive chains to insert
the quill 400. The préssu:e beams are then extended so that
the drive chains are pressed against the rounded corners_of the
_ guill bbdy 404 as seen in Figqre 17, and the drive chains then
will grip the quill body.and will be able to drive the quill up
or down. _ |
When the quill 400 is used with pipe, the pipe of course
extends through the central bore of the guill and also through
the drive mechaniém 406 and through the gripper mechanism 410.
The gripper mechanism 410 is actuated hydraulically and cgn be

moved from pipe gripping position to pipe releasing position.



in Figure 16, it is seen that the body 404 of quilil 400 is being held in
the grip between the drive chains 28 and 28a which are held_ in pipe
gripping position by upper pressure beans 71 and 72. ‘It is noticed that-%ﬂp
body 404 of the quill 54 400 is generally square in cross-séction but™
that each corner is contoured in sem ciggul ar fashion to present to the
drive chains a shape which is like that of the pipe and of the sane radi us.

Thus, the drive chains 28 and 28a grip the quill in the sane nmanner that
they would grip the pipe. It is readily seen that the body 404 of the
qui Il s _somewhat greater in .thickness or dianeter than is the pipe. As -
vas statBREBAFRECPIPE fi BedfipPve it BT LRSI G ik i g B4R s 20 i s

conor e sPRRE°RORREABE.('th¥] pTaR B Wileae Uhnb dBUELIIRY dgii

_ es’( entinmeters). 4-1nc vement,

course, kéléEEGH’pE{gisgﬁQ Béi‘iﬁf.“ SN € g0 RIAF e Wﬁl yt he stop

bl ock 82a seen In ure so that the trunni‘ons may retr in the
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are renove ne pressure beans can I tracted a full 4 inches, thus
provi di nfle§WahiEnCAD6SPECE1BE! WAt By Wydra1IT AU Prieddift Ui | |

400. The pressure beans are then-extended so that the drive chains are
pressed agai ehé uppetopodedonobifelit dfs tswdvalily domheot®d 3o sthen lawel gure
17, and the drive chains then will grip the quill body and will be able to
drive thpogtiidh.upWbendbhe. pipe rotating mechanism is actuated, the
rotating ﬁechanism will'rbtate the pipg gripping mechanism )
mounted on the top thereof so thaﬁ the pipe will be rotated Qﬁrl
through the quill. The pipe rotating mechanism is operated .
independent of the:pipe inj_ection apparaths so that the pipe
can be rotated thle it is being mcved up or:down or while it
is standing still. The quill is used'generally in order to
rotate the pipe in order to remove obstructions in the well
flow conductor such as sand bridges, or the like; During such
opetafion; the pipe is genefally rotated while it is slowly
lowered in the well in order to drill or otherwise remove such
obstructions. , ' o/
It is understandable that the cohpling sensors_loo.and
102 are too small £o accepﬁ thé quill body 404 in the plaée 6f.
the pipe 26. Therefore, before the quill is inserted in the
apparatus, the coupling sensors must be disengaged from the -
pipe and pivoted to an out-of-the-way position. Then, after
using the Quill,.it is rembvéd from the appafatus;'and the
sensors are restored to éervice'by swinging them into position

and engaging them with the pipe;



When the quill 400 is used with pipe, the pipe of course extends through
the central bore of the quill and also through the drive nmechani sm 406 and
thrugh the gripper nechani sm 410. The gripper mechanism 410 is actuated
hydraufically and can be noved from pi pe gripping position to pipe

rel-easi ng position. When the pipe is held by the gripper which is in the
pi pe gripping position, the pipe of cours annot nove up or down relative
to the quill. However, the quill can be noved up and down in order to nove

t he pipe up and down. The rotating nechanism 406 is al so actuated by

nydraul Ve 119 PRESPWE AP JRGT BREL!OML Yuld |G| Yoserees o

to the | ower portion. e pipe rotatl nhg ne
rotating mehayl YPg¥ilded WAl PldKa Hdwir 5@%@ 'mﬁm?lﬁf fiutde
top thereof sot?ag t eepir}ewi I be rotg{edt%bug thp% qui | .ﬁ'lj'ehe pi pe
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so that the pipe can be rotated while it is being noved up or down or whi | e
it is standiiyt %ld loppoBed Ptiddsure Wedhg i Dé YadtustsPrtdwardtaid dway
pipe in order to renove obstructions in the well flow conductor such as
sand bri dgdromrthencentierliher iofy thec mppearatiisoso ttatpiye imipetsstkden
rotated while it is slowy lowered in the well in order to drill or,

ot her wi se rtd¥ep\RE eSS €0 Peamsc 9fo e tween $hedirive hiins (aan b ILRRAS ng
sensors 100 and 102 are too snmall to accept the quill body 404 in the place
of the pi p&Regebyshdhatotde ypReLe and: laNern heans,ane &Paqed @part to

ptovide a non-gripping area between the upper and lower

\\\/ . gripping areas; that a pipe coupling can be passed through the
pipe injection apparaﬁus without being gripped in either of the
‘gripping areas; that the movement of the pipe is coordinated
with the pipe injection apparatus so that the coupling wiil be
-sensed as it approaches the apparatus; that the upper or lower
gripping area, whichever comes first, will be opened to allow
the coupling to pass thtough; and that when the coupling
.reaches the non-gripping area between the upper and lower
gripping areas the gripping area through which the pipe

Y, coupling has just passed wili cloée and the other gfipping
area will subsequently open to allow the coupling ﬁo go through
without having to necessarily stop movement of the pipe. It
has been shown that the pipe injection apparatus is provided
with control circuitry and appafatus for opening and closing of_.
the upper and 1qwer grippihg areas in a coordinated manner so
that a pipe coupling approaching the apparatus from either
direction will be allowed to move through the apparatus without

being gripped by either of the two gripping areas and without



apparatus, the coupling sensors nust be di sengaged fromthe - pipe
and pivoted to an out-of-the-way position. Then, after using the quill, it
is renoved fromthe apparatus, and the sensors are restored to service by
sw ngi‘ng theminto position and engaging themwi th the pipe. Thus it hhe’

been shown that the pipe injection appargtys 20 is provided with upper and
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osed. pairs of pressure beans which are placed wwthin a pair of
rive chains; that the opposed pressure beans can be actuated
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he pressure beans or between the drive chains can be gripped
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and t hat when the _coupling r.eaches the non-gripping area between
1n&heoRknes, ﬂﬁﬂpﬁd‘%?&fse%t He P Ajn'g area through which the pipe
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the opposed beams so that the.beams_will move equidistant from

centerline in their travel to and from pipe gfipping position.

Thus, the beams are always equidistant from the centerline. In
this manner, when the pipe gripping areas are open, the opening

between the drive chains will be'centéred in the mechanism

which assures that the pathway for the pipe will be straight.

It has further been shown that the pipe injection apparatus is

provided with circuitry which provides considerable safety.

For instance, there is a check valve and shuttle valve in thé
circuitry which, should the high pressure conduit 290 from the
power pack to the circuit break, or rupture, or should the o/
pressure suddehly fall, one check valve would close to preven;' |
further escape of fluid, the pilotéd closed check valve would
openﬁand would.allow_pressure directly from the accumulator td
be applied to that gripping aréa ﬁhich is gripping the pipe at
the time to assure that this grip will be maintained as long as

adequate pressure remains in the accumulator.

L)



with control circuitry and apparatus for opening and cl osing of the upper
and | ower gripping.areas [n a coordi nated manner so that a pipe coupling
apprggphing the apparatus fromeither direction will be allowed to nove
througH t he apparatus w thout being gripped by either of the two gripping
areas and w t hout necessarily stopping novenent of the pipe in the
process. It has further been shown that &hg apparatus is provided with

i nterl ock mechani sm whi ch prevents one of the gripping areas from being
opened until the other gripping area is assuredly closed, that is, one of
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Further, it has been shown that t € I njectron apparatu rovi ded

with a |igkgaaieRenalissMdontdits (Rt ud NCoRhPoeed PRePEisOwhiah the

beans wi Il nove equidistant fromcenterline in their travel to and from

pi pe gri ppiby Ratomaticallys caudwe @m&#&@wwn&%&’éﬁﬁ@tséﬁQi‘h%he
centerline. In this manner, when the pipe gripping areas are open, the

openi ng beaneelohBewteny pipraidiredtilohasadwdrsed N tieuspctinei pipahi ch
assures that the pathway for the pipe will be straight. It has further been
shown t hacanhbepkps intecthen waddawat paliledrche mefrom hared rehen ryhehi ch
provi des consi derabl e safety. For instance, there is a check val ve and
shutt| e vapparatushdscichengedy fixiome thes raunnd nddrade) tgrihs pwl bbrgiunedepo
fromthe power pack to the circuit break, or rupture, or should the
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escape of fluid, .the.piloted. cl.osed check val] ve woul d
. P automaticaflg sw&tched %rom one mode to éhe other so that a

\“\/' coupling appraaching the apparatus'from either direction will
be conducted through the apparatus as before explaihed.
There is a possibi;ity that the drive chains 28 and 28a
- when under considetable load may cause minor damage to pipe
couplings as they pass, through the non—gripéing area 85. This
would be because the chains are'sﬁread apart slightly by the
coupling a distaﬁce of almost one-fourth inch (6.35 milli-
meteré) on each side of center. Couplings which are properly
chamfered on each end are not likely to.be damaged this way.
N To avoid the possibility of such minor damage, means for |
spreading  apart the drive chains while in the non-gripping
area may be readily provided and attached to the apparatus 20.
Such means could be in any suitable form. One form of |
spreading means is_illustrated in Figure 17. -
In'Figure 17, it i# seen that the spreading means
is indicated generally by the reference numeral 84b. The
spreéding means 84b includes a vertical base member 84c which

has its opposite ends secured to the inner side of the side



open and woul d all ow pressure directly fromthe acctunul ator to be applied
to that gripping area which is gripping the pipe at the tinme to assure that

this grip will be maintained as |ong as adequate presSure remains in the
accunul at or. Further, it has been explained that the hydrauli’c circuif??
al so contains apparatus connected therein which will automatically cause a
reversal of the coupling sensing functi®fs when pipe direction is reversed.
Thus, the pipe can be run into the well or pulled therefrom and when the
apparatus is changed fromthe running node to the pulling node, or vice
versa, phetesuphichgasetbien® idecipdidtes i84a atEbgdregly, wailthmateecal |y
switched fromone node to the other so that a coupling approaching the
appar at immedéateilyhebotier end deldw |the nomcgrippingravgh 8hc (Eppuret us as
before explained. There is a possibility that the drive chains 28 and 28a
when undér cBASPJBERBRE B4Sd MAYy hen sRCHIedr inaphaee twiphpbotbupPBngs as

they pass through the non-gripping area 85, This would be because the
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whi ch_aPE SPBo8iRs Bhakes: o BB, SfeiSinedur AFkRrGALEvaLYdakbged thi s
Aot RBSS, RokBEREBATLS, be HolneRf by SONEP ey [EQHEe BEanl: FrL! 0
Uit abl SPPSF EbETEOFSr C1pARSTRA U Seburtd iG] aPaPE, £ A} on
- to the vertical base member 84c by suitable means, such as o
welding as at 84e, as shoﬁn, or by bolting (not shown). A g;r}
spacer member 84f has its opposite ends secured as by welding "
at 84g to the cleats, as sthn; A spreader member 84h is
secured at the ﬁpper and lower ends of spacer member 84f;
These spreader members, are spaced apart sufficiently to spréad
the drive chains substantially the full length of the non-
gripping area. Each'spreade: ﬁember 84h has its upper'and
lower ends_shaped to.reéembie a boat which is pointed at both
ends. Each spreader member is secured to spacer member 84f by
suitable means such as by welding as at 84i, or by bolting {(not '
shown). Each spreadet member has a wedge shaped end, such as
end 84j.which spreads the drive chains, and its sides 84k are
curved suitably.ﬁo permit thelliﬁks_of the opposed drive chains
~ to slide smoothly along the guide surfacés 841. The spreader
members 84h are placed between the opposed drive chaihs so that
the bearings 29 (Figure 3) on the outer énds_of the chain links
(ﬁhicn-engage the teeth of thé sprockets, such as spfockets 50,

51, 54, and 55) will be engaged by the guide surfaces 841 on



| gure T7, it TS Seen that the spreading means i'§ indicated general |y By
the reference nunmecral 84b, The spreadi ng neans 84b includes a vertical base
nenhw/ 84c which has its opp05|te ends secured to the inner side of the

sid pl ates such as the side plates 84a (Figure 1) which are imediately
above and bel ow the non-gripping area 85 (Figure 2). Base nenber 84c may
be secured in place with bolt 108 on- ‘whi ch the bell crank 106 is plvotally
nolnted on the outer "§i'de 6f" 'He™side platgs "as before expl ai ned.

Al ternatively, the base nenber could be ‘nounted b any other suitable
means. Upper &RF¢afART 1&?—@%%5 8&@1a?édsébuﬁeaamntgsaéé’d"&p&htalmél &pant to

the verti cal bﬂﬁetﬁenti%n PRl heebe g%any SUGELstantd divAgchs wif1184e,
as shown, or boI ;t,\tgg not sho g 321[2 menber 8A4f h s its o 05|te
ends secured 3P& EHP ’d“ﬁwa | £, RASShb Ea

menber 84h is as@uthdsatp:iéwen#apanyarpbésmlulzet}dsoﬁf dqm:gamgrebher pifde
These spreader‘gggﬁgkﬁaare spaced apart sufficiently to spread the drive
chai ns subst ant e full length of the non- gripping area. Each
spreader nenber 84mrmssmtea<lmemem suckr agngprepdpsd megnse S4kp| WOl dhoat
which is poi ntid etiifeendn dReh ﬁﬁr?@dehd@nttﬂraﬂe“s ST &thd O piRacer

mber 84f b t ahl h as by wel at 8 by bal t
(ot Shown) . BRI aBEPRBDE, R SRS SHABBHScry, SOEn ROWF 04

whi ch spreads whadiibe eatctecined eodthéssiddepl8éksava thevbdckuistiaa ywoft 0
permt the |i ° #%?a@&é’osggrdréi"aerﬂlﬁ,' "Suéfl Spri@atPPdins aigngdde

gui de surfaces e sprea
. shown in Flgure 1.
\K\/' Obviously the spreader members 84h could, if

desired, be configured differently. For instance, each
could be constructed from a pair of arcs, such as two
portions of a hoop.

Aléo, the spreader members 84h could be mounted on
the upright members 40a and 40b of the frame means 40 if
desired, using suitable adapter members. Rollers could be
incorporated into the spreader members to reduce -
friction, if desired.



menbers, 84h are placed between the opposed drive chains so that the
bearings 29 (Figure 3) on the outer ends of the chain |Iinks (which engage
the teeth of the sprockets, such as sprockets 50, 51,54, and 55) will b

engaged by the guide surfaces 841 on -60- spreader nmenbers 84h and th
camthe drive chains apart in the non-gripping area 85-by a distance which
wll clear the pipe couplings as they pass through the area and thus

prevent any possibility of damagi ng thg lpi pe couplings. One spreader neans
such as spreader neans 84b woul d be attached on the front side plates of
the pipe injection apparatus, as seen in Figure 1, and another woul d be
attached to the side plates on the back side of the apparatus. For clarity,

such spre ans is not shown in Figure 1. Cbviously the spreader
menber s 8§ﬁ§%%§Fd, if desired, be configured differently. For ‘i nstance,

cach coul 4 be ety A fediiig P18k (G EUGIGSIANE RUeipngeof 2

hoop. Al sg,” the®sprea nenbe be noun on the upright

adapt er member & R e D {he spr eader
menbers to reduce firamel m@and;f &6Fired. AP
| b. '_end;essetype chain drive means mounted in said frame.
méans for gripping and mdving said ?ipe'or tubing
into or out of the well, said chain driQe means .
including: - B \vfj
i. drive chain means incldding a ?ait of opposed
endless drive chains disposed in a common plane
and spaced apart providiﬁg'a pathway for said
pipe Qr.tubing therebetween,
ii. upper and lower pressdre beam means in each of
said pair of endless drive chéinS'mOVable

toward and away'from each other, said upper

beam means being spaced above said lower beam

means to provide a non-gripping area there- N

between, said'pressure beams having outwardly
extending trunnion means slidably disposed in
slots in side plates of said frame means,

iii, friction-reducing roller chainlmeans interposed -
between said pressure beam means and said drive
chain means,

iv. means for independently moving said upper and

said lower pressure beam means toward and away

_—

Iy
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CLAI M5 1. Apparatus for infecting pipe or tubing into a well or
withdrawing it therefrom conprising: a. frame neans; and b.
endl gss-type chain drive means nounted in said franme nmeans for gripping and
novi ng said pipe or tubing into or out of the well, said chain drive nmeans
i ncluding: i. drive chain neans including aébélr of opposed endl ess drive
chai ns di sposed in a commopn pl ane and spaced apart providing a pathway for
said pipe or tubing therebetween, ii. upper and | ower pressure beam neans
in each of said pair of endless drive chains novable toward and away from
each ot her, said upper bearfirffeadiciothespdeedaisey said ddioee rehzsizmmeans
to provide a non-gripping area there- between, said pressure beans_having
outwardly extending trunni & SEdRs sidiRiRe AL FARing At |uRReL ARG dower
pl ates of said frane neans, _iii.., fricti n-reducin%g%fller chai n neans

R &

i nterposed - between said FPASEG @RREIIASG % AL AR PGSR SHLP
Iv. nmeans for independently maving said upper. .a I.d. |l ower pressure beam
means toward and away PR spacedJJ%art'T%é?%f%ns)“%nd)
v. means for driving said drive chain means to
‘move said pipe or tubing into or out of said

well.,

\q\/ 2. The apparatus of claim 1, wherein said chain drive means
and said pressure beam moving means are operated by means

powered by pressurized hydraulic fluid.

3. The apparatus of claim 2, wherein said pressure beam
means include linkage means linking together opposed
pressure beams and causing them at all times to be

- positioned equidistant from the center of said pathway.

4. The apparatus of claim 3, whétein said means for moving
said upper and lower pressure beams includes interlock
means operable to permit actuation of one of said upper
and lower pressure beam means to release position only
when the other of said upper and lower pressure beam

means is in gripping position.

5. The apparatus of claim 4, wherein said interlock means

includes means for sensing'pipe couplings, or other

* 4 L L} S *



62 fromeach other to cause said drive chain neans-<to grip said pipe or

tubi ng at upper and | ower spaced apart |ocations and to rel ease such grip

at such spaced apart |ocations, and v. nmeans for drivi'ng said drive chain’
means:to nove said pipe or tubing into or out of said well. 2. *The '\ _
apparatus of claim1, mherein.said-dhaiggggive means and said pressure beam -
novi ng nmeans are operated by neans powe by pressurized hydraulic fluid.

3. The apparatus of claim2, wherein said pressure beam neans i ncl ude

| i nkage means |inking together opposed pressure beans and causi ng t hem at

It to b L L Wl g GRI ; ' . 4.
The apparat s of (o EP AL o GhRr s CRar Wods 1o/ oot e e Y

| ower pressure b@éﬂﬁth'ﬂ%' gd¢a 1Rkerheock WaNs Arerddpdrge Rfleidtact uation
of one of said upper and | ower pressure beam neans to rel ease position only

when the other of said upper and | ower pressure beam neans is in gripping
position. 5.  The apparatus of claim4, wherein said interlock neans
i ncl udes néans The apperagupi p€ cdaim 3gs wheredrmheaid medns foremaying .
~approaching the drive chain nmeans and . actuati ng{ sai d inter l'socil;crieu%nisn i:n ,
response theretoaid pressure beams includes in erlqck mean . g
| a. timer means drivable by said drive chain driving
means for contro1ling said moving means;
. b. clutch means releasably engaging said timer means
and said drive chain driving means; o \;fj
c. first sensor means at a first end of said apparatus
| for engaging said clutéh means to start said timer
means in response to arrival of:a pipe coupling or
other enlargement at said first sensor means;
d. said timer means controlling:actﬁation of said
moving meéns_causing said upper pressute.beams to
retract ﬁo-allow said pipe coupling to move freeiy
through said.upper grippipg area and afterwards
causing said upper pressure beams to return tp_pipe Q‘)
gripping position and causing subsequent'ret;action
of said lower pressure beams to allow said pipe
‘coupling to move freely through said lower gripping
area of said chains and afterwards returning said
lower pressure beams to pipe gripping position;

and

_
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6. The .apparatus of claim3, wherein said means for noving said pressure
beans includes interlock Jreans I ncl udi ng: . ti mer neans drivable by said
drlyg/chaln dr|V|ng means for controlling sald novi ng neans; b. clutch
rel easably engaging said timer means and said drive chai n driving
means; cC. first sensor neans at a f|rst'¢h¢ of said apparatus for
engaging said clutch neans to start said tiner neans in response to arrlval
of a pipe coupling or other enlargement at said first sensor neans; d.
said timer means controlling actuation of said noving means causing said

upper pressure beans tdeddid AWnscr aldans Sit Ga PBeord gid Igf teat@ve freely
t hrough said upper gripping area and afterwards causing said upper pressure

beans to return to pi rxpp;riqlpim@qmsiiéeng&gﬁhg:aﬂsidlgﬂmmqumwianraction
of said | ower pressure beans to allow said pipe coupling to nove freely

t hrough sai d | ower . gr in®fPense & Faighipipshgoupking «n amﬁgnbﬁemmmt
sai d | owner pressure beans to pipe gripping position; and ) second o
Sensor means at a sec@¥dtdmg FaidhiapPRarAtus lﬂ$f§ﬁléiﬁﬁﬁﬂﬂﬂyqﬁﬁsaid clutch
means in response to said pipe coupling or other enlargenent exiting said
apparatus at said second end. 7. The apparatus of cl'aim6, wherein said

first and secondThe apparatus of claim 6, wherein said first and second

sensor means includes hydraulic valves for controlling
actuation of an air valve ﬁhich controls the admission of

\\5/ : Supply air to said clutch means and the exhausting of air

therefrom.

8. The apparatus of claim 7, wherein said clutch is driven
_ by direct gear connection to said drive chain driving
means and, when engaged with said timer means, will drive
said timer means at a rate proportional to the rate which

said dr;ving means drives said pipe.

\J 9. The apparatus of claim 8, wherein said timer means
includes a timer wheel having e cam surface thereon and
first and second hydraulic valves actuated thereby for-
automatically opening and closing said upper and iowe:
pairs of opposed pressure beams to permit said pipe to _
be moved through said pathway without a coupling or

enlargeﬁent therein being gripped between said drive

* c L N S *



sensor means includes hydraulic valves for controll-ing actuation of an air.
val ve which controls the adm ssion of supply air to said clutch neans .and
t he exhausting of air therefrom 8. The apparatus of* claim?7, wherein |
-said £lutch is driven by direct gear connection to said drive chaln drlvﬁnﬁ
means and, when engaged with said tiner n;g will drive said tinmer neans
at a rate proportional to the rate which ¢ ﬁﬁ driving neans drives said
plpe 9. . The apparatus of claim8, wherein said tinmer nmeans includes a
tlner wheel having a cam surface thereon and first and second hydraulic
val ves actuat e¢hdigreeiwhile satdrpipealsyabpablingimed beésgngrippedupper
and | ower pairs of opposed pressure beans to permt said pipe to be noved
t hrough said paﬂhﬂ@p&MtﬂnﬁuoﬁiQhﬁu#?ﬁ@to?n@nf géwﬁﬁiPPHBBePﬁeB§|R§

gri pped between said drive_ ., chains while said pipe is at all tines being
gripped in at 182G dFiFoicha N8 pper and | ower gripping areas of said drive
chains. 10. The apparatus of claim9, wherein said sensor neans and said

ti mer neans includes hydraulic val ve neans which shift when operation of

Lhe 2Ppaggius whd QEatabde o 'S ih Ve IRLr@ln! 8% b ABYE! nbpHsd a8 voen

sai d senSoOr's: a nmeans and to sai i Mer means so t

operatioh of the;3eNSGey Inedy SRETudds HP8L ubigevarvel negnst ohhehpassed
t hrough t he apparat us
shlft when operation of the apparatus is reversed to
effect reversal of flow_of power fluid between said
sensors and said clutch means and to said timer means ‘;})
so that the operation of the sensors is reversed to
enable pipe couplings to be passed through the apparatus

automatically as the pipe is run into the well or is

withdrawn therefrom.

1. The apparatus of claim 4, 7, or 10, including spteeder
means for spreading apart said opposed endless drive

chains at said non-gripping area.

12. The apparatus of claim 11, wherein said spreader means
includes a pair of spreader members interposed between
the opposed endless drive chains, one on the front side

and one on_the back side.

13. The apparatus of claim 12, wherein said spreader members

are attached to said frame means.

T
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ad{;hatically as the pipe issrun into the well or is withdrawn therefrom

11. The apparatus of claim4, 7, or 10, including spreader neans for
sprqujng apart said opposed endl ess drive chains at said non-gripping
‘area.” 12. -+ The apparatus of claim 11, wherein said spreader mnmeans includes

a pair,of spreader nenbers interposed betmegf t he opposed endl ess drive
chains, one on the front side and one on th fack side. 13. The appar at us
of claim 12, wherein said spreader nenbers are attached to said frane
nmeans. 14. The apparatus of claim3, 9, or 10, including: a. t ubul ar
qui Il meansigor swheouPshaathbeow B2a®m BYbONgorsaip] duchudaingns being

gri ppabl e and novable [ongitudinally by said chain drive neans; and b.
means for rel easalaly geupplag ghdelpi meaas folri sgrreandigyi phengipeans bei ng

supported on said quill means and novable therew th. 15. The appar at us of
claim 14, incuding: a.tubipanssadd guiddi mgansi bedngpgrigpabidesandl mpvableo
said quill neans; and b. means on sai d apparatus engageable with said

qui I 1 means for count et@R8ikydinally: byi 848 r£badBsIEANR BE2RE:s&Pd pipe or
tubing to rotate the sanme. 1 met ho r.unni ng couBIed pipe into a

: A of N ]
wel | continuouslybusinﬂeﬁPﬁegPﬁjEE?FBﬁ‘QSﬁaﬁS?BE?”QaFHep peej Af cEBPAAY
said gripping means being supported on said quill

means and movable therewith.

kﬂﬁ/- 15. The apparatus of claim 14, incuding:
a. means for rotating said gripping means relative to
said guill means; and
b. means on said apparatus engageable with said quill
means for éounteracting the rotational forces

applied to said pipe or tubing to rotate the same.

16. A method of running coupled pipe into a well continuously

using pipe injection apparatus, said pipe injection

\; . apparatus having the ability to grip the pipé at upper
and lower gripping areas separated by a non-gripping area
therebetween, the means for engaging and disengaging the
pipe at both such gripping areas being operable indepen-
dently of.éach other, the method including the steps of: _
'a.. engaging thé pipe in the upper and lower gripping

areas of the pipé injection apparatus;

b. operating_the.pipe'injéction apparatus to move the

pipe into the well;

WA )RR



- %
apparatus having the ability to grip the pipe at upper and | ower gripping “3_
areas separated by a non-gripping area therebetween, the nmeans for engagi ng
and di sengagi ng the pipe at both such gripping areas bei ng operable
i ndepen- dently of each other, the nethod including the steps of a. v/
engagi ng the pipe in the upper and Ioweéﬂri ppi ng areas of the pipe
i nj ection apparatus; b. operating the pipe injection apparatus to nove
the pipe into the well; 67 c. di sengagi ng t he upper gripping area to
al ow a pipe coupligg to. pass freely therethroqﬁp i nto the non- grigying
area; d.  eng&gi ng9tFENGFIINTy SRS URPeS &F WRRINT RF A kO 3llow a pipe

b tly di i .t he | | ppi t ' i
Co pass Treely ther CONPIAN. te Fasm Aipeiy HeRsk gl AALS GhemmeRtr! 1
pi pe; and g. repeatb?ﬁgigggséggé,"d", "e", and "f". 17. The net hod of '

claim 16, including i tiondl steps of: a. operating the pipe

i nj ection appagatus ist-hdr t‘;ﬁ, | i ﬁn lheip- d@ agi ng

the | ower gri _pf)li ng g?'ggw!tlgaalt?l\gw ﬁ[ypf%ercl p |dnt5:t%§paiststpftrheeel fped o :

therethrough igto tBapeeguedtlPPdiGeRAing theMIREE NGt {spimyedreds i pei ng

area; d. subsequently rel easing the upper. gripping area to _ .
: allow the pipe coupling to pass freely therethrough;

£. engagin§ thg lower gripping area with the pipe; and
g. repeatihg steps "c", "ad", "e", and 'f'. o

17. The method of claim 16, including the.additional steps of?'r%

a. operating the pipe injection apparatus to withdraw |
the pipe from ghe well; |

b. disengaging the lower gripping area to ailow a pipe
coupling to pass freely thé:ethroughiinto the noq4
gripping area; | |

c. engaging the lower grippihg area;

d. subsequently releasing the upper g:ippihg.area to

Y

..allow the pipe coupling to pass freely therethrough;
- - o

e. engaging the upper gripping area; and

f. repeating steps "b", "“c", "d", and "e".

18. The method of claim 16 or 17, wherein the engaging and
disengaging of the upper ahd lower gripping areas of the
pipe injection apparatus are performéd while the pipe is

moving.

N o
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al ow the pipe coupling to pass freely therethrough; e. engagi ng the

upper gripping areg; and f repeating steps "b", "c", "d", and "e". 18.

The &V}hod of claim 16 or® 17, wherein the engagi ng and di sengagi ng of the
upper”and | ower gripping areas of the pipe injection apparatus are
performed while the pipe is noving. -68- 19. The nethod of -Caim 18,
wherein the steps of engaging and di sengagésdg of the upper and |ower
gripping areas are perforned automatically as, the pipe is run into or out
of the well. 2019Ihéfhethnﬁtbﬁdcjafn1QBalmnc1%d|nghehelmddtheonateysepoﬁf
rotating the pipe through use of quill neans_held in said pipe injection
appar at us and %ﬂ&ﬁﬂﬁQQn@ndp@ﬁéegﬁﬁﬁbPﬁg°§n&hﬂoﬂﬁmﬁﬂ;%ﬂ%ﬂ%ﬁﬂﬁ#tgrunpéng
end. 21. The nethod of Claln% éncludlng t he_ addi tj onal teg novi ng
the pipe stridfFaT oHGF (BT FAFRSS ARFPRAtiGRi e uERS PLPSL ﬁgr?ﬂelgéﬂe

22. The apparat us 3, 9, or 10, including neans, associ ated
with said upperéén%&l" %a{:oppose pressure beans, for limting outward

e e 2301, Tag” SASHEATBEC CAU T3, G o Mgl

apparatus, of Q_@é@@@ rESE EhY @ﬁédpiw éwau@ﬁa&@elaflwfﬂ means held

in said piée injection apparatus and supporting. pipe

gripping and rotating means on its upper end.

21. The method of Claim 20, including the additional

\15/ ' step of moving the pipe string 1longitudinally while

simultaneously rotating the same.
22. The apparatus of Claim i,_2, 3, 9, or 10, including
means_.asspciated with said upper and 1lower ppposed
pressure beams for limiting outward movement thereof to a
predetermined intefmediate location in which said drive
chains will just clear a coupling on said pipe string.
23. The apparatus of Claim 22, wherein said 1limiting
means includes:

A a. travel limiting members engageable in said slots of
said side plates to interfere with said trunnions of
said pressure beams and 1limit outward movement
thereof; and

b. means for retaining said travel 1limiting members
engaged in said slots, said retaininé means being
reieasable to perﬁit said pressure beams to move to

their outermost position.

A



a. travel limting nmenbers, engageable in said stots of said side pl at es

tointerfere with said trunnions of said pressure beans and limt ]
outward novenent thereof; and b. nmeans for - retaifiing said travel '
limting nmenbers engaged in said slots said retaining neans being %

rel easable to pernmit said pressure beans to nove to their outernost

position -69- 24. The apparatus, ofé9€aim 23, wherein said travel

limting nmenbers, . conprise bIocﬁf, of, 'gredeternined di nensi on
di sposed one 4% eabe of P RRATR Mt £F oFY3IR 43y oWRRELAPIOFEABN: trBYelai d

L 8

: N ¢ : o . B g
tover ey SURLEEs o Mt BbnoB8e° U 51 IS Tl "ERRIESTRINRS cai g
travel |im tiqg,dpohel sdngﬁssé&- oRe- in gégcﬂpaeresga Qio&,gg%léliag@%%gdi ng:

a. travel li'mting nenbers engagea I'n sard slots™ o tes

‘to interfere glidwhidi gobemenitons s Ofga5a dtrfﬁhﬁ&aﬂse bP?%mspréagteHnmx{ed |

outward novement thereof; and b. means for retaining “said travel
limting menbmicurengagnd isaidairktd iing shedns elconpiri@eBdsisePenbfibers
rel easable to permt said pressure beans to nove to their outernost
position 26. onkhecowgpingtaspoftiGhapih each ofheradid) skatisl tor madhtain
said travel limiting members therein. '
25. The apparatus of Claim 11, including:

a. travel 1imiting members-engageable in said slots of

said side plates to interfere with said trunnions of \#r)

said pressure Dbeams and limit outward movement
thereof; and

b. means for retaining said travel 1limiting member§
engaged in said slots, said retaining means.béing
releasable to permit said pressure beams to move té
their outermost position. |

26. The apparatus of Claim 25, .whgrein said travel

limiting members comprise blocks - of predetermined

dimension disposed one in each of said slots for limiting .

ocutward movement of said trunnions by a predetermined
amount, and said retaining ﬁeans comprise cover members
'oné covering a portion of each of said slots to maintain
said travel limiting members,thefein.

27. The apparatus of Claim 13, including;

a. travel limiting members engageable in said slots of

said side plates to interfere with said trunnions of

—_
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L.

limting menbers conprise* blocks of predet erm ned di nensi on di sposed
one in each of saigd slots for limting outward movenent of said trunnions
by wredeterm ned anpunt, and said retaining neans conprise cover nembers
one covering a portion of each of said slots to maintain said travel
limting nenbers, therein. 27. The apparatus of C aim 13, including: a.
travel limting nmenbers, engageable in s&t@-slots of said side platesto
interfere with said trunnions of -70- said pressure beanms and limt
outward novenent tsedideofpresanne bemmms It Yisuid niowrwasdd d movemsnt
limting nenbers engaged in said slots, said retaining nmeans bei ng

rel easeabl e to per fhereafy Ansure beans to nove to thelr out er nost
position 28. The ap aratu of Claimz27, wherein said travel ,limting

members conpr Pse 8F ’fﬁ'Eﬁb‘?b‘P?n it i FEAYRSN I:H"E’pB%'éQI d??é“’?‘?"r’%ach
f d slots f t t _of, t b

or edet er mi ned amourt’ g?%*gsa#d“é% * ”%fﬁggﬂeg%gdii" 4G OBBaRE heinsyne
covering a porti ong(g]_ﬁ:ae appe?r Z@u%e?f‘ﬁ(ﬁsa% es"’He%an Q:Vdelmédé"t%d ng

menbers therein. , |nc udi ng
kimiting nmenbers engaGeal)f drhedt bod it iof sal d side pI ates to int erfere

Wi th said trunnions of

28. The apparatus of Claim 27, wherein said travel

limitinQ members comprise blocks of predetermined

dimension disposed one in each of said slots for limiting

\Wﬁf outward movement of said trunnions by a predetermined

amount, and said retaining means comprise cover members

one covering a portion of each of said slots to maintain

said travel limiting members therein.

29. The apparatus of Claim 15, including: |

a. travel limiting members enéageable in said slots of
said side plates to interfere with said trunnions of
said pressure beamé_ and limit outward movement
thereof; and

-/ b. means, for retaining said' travel limiting members

engaged in said slots, said retaining means, being
releasable to permit said prgséure beams_-ﬁo move
their outermost position.

30. The apparatus of Claim 29, wherein said travel = -

limiting members comprise blocks of predetermined

dimension disposed one in each of said slots;for limiting

outward movement of said trunnions by a predetermined

L



sart—presstire—beams amt—TT i T—ourwar. d "ovenent=-t her eof; and b. means
for retaining said travel [|imting nenbers engaged in said glots, said

retaining means being rel easabl'e to pernit said pressure beafs to nove '
their outernost position 30. The apparatus of Claim 29, whefein saf&f

fravel limting nenbers conprise blocks of predeternned di nension
di sposed one in each of said slots for limting outward novenent -of. said
trunnions by a predetermned "4 -71- &gmpunt, and said retaining neans

conpri se cover nenbers one covering a portion of each of said-slots to
mai nt ai N sai Grdoumts| andri sand methdninghoseans comprise cover members

one covering a portion of each of said slots to maintain.

séid travel limiting members therein.
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