2151278 APPARATUS FOR | NJECTI NG CO L TUBI NG | NTO A WELL AND METHOD OF
SERVZEI NG A VELL This invention relates to the servicing of wells through
use of coil tubing and nore particularly to app- aratus for and net hods of
injecting coil tubing into a well and for rotating the tubing for

perform ng downhole 5 operations therein. It has been corrrmngp*ﬂ?c’;g“or
many years to run a continuous reel ed pipe (known extensivel e

industry as "coil tubing") into a well to performoperations util- izing
the circulation of treating*fluids such as water, 10 oil, acid, corrosion
i nhibitors, cleanout fluids, hot oil, and the like fluids. Coil tubing

bei ng continuous, rather than jointed, is run into and out of a well wth
conti nuous novenent of the tubing through use of a coil tubing injector.
This is nmuch quicker than running join- 15 ted pi pe whose threaded
connections consunme nuch tine in nmakingiand breaking, that is, in
assenbl i ng and di s- assenbling, or putting them - together

and 20 - 2-APPAXRANUSh@ORAINJECT KNG | CODDI PYBINGEINTG ARIRELE| ANBNOwn in
the oil and gas i1 ndustry. Coil tubing I's frequently used to circulate

cl eanout fluids through a WEIHODOR RERVIGENEG &f WHLLM nati ng sand bri dges
or 5 other obstructions therein. Oten such sand bridges or other
obstructions areThbsy invention areilatese tecddionseryviging of wells

through use of coil tubing and more particularly to app-
aratus for and methods of injecting coil tubing into a

well and for rotating the tubing for performing downhole

w

operations therein.

It has been common practice for many years to run a
continuous reeled pipe (known extensively in the industry
as "coil tubing”") into a well to perform operations util-
izing the circulation of treating fluids such as water,
10 0il, acid, corrosion inhibitors, cleanout £luids, hot

oil, and the like fluids. Coil tubing being continuous,
rather than jointed, is run into and out of a well with
continuous movement of the tubing through-use of a coil
tubing injector. This is much quicker than running join-
15 ted pipe whose threaded connections consume much time in
- making and breaking, that is, in assembling and dis-

assembling, or putting them together and

20
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possi bl e to renmove because of the inabTIity to rotate the coil tubing to

drill out such obstructions. Turbo-type drills have been used but have been
found-to develop insufficient torque 10 for many jobs. Thus, it is . Zé,f
desirable to performdrilling operationg,in wells through use of coil “J

t ubi ng which can be run into and renoved fron1a wel | qui ckly and which can

be 1t akeglc{ APERER Mol OUseans daBiRablin Udddi£0aPROLBLIORNGHEN Ao hG°

renoval obstructions m ng the usual operations
whi ch rquirgn&nhgstmadagg%#allon of fluids. Known prior art relating to
es

t he present inveftion Incl 3, 191, 450 3,216, 731 3,559,905
3,865,408 3, é8i19$$b1ng is 3512&?11:413513' used Qcﬁ%ﬂ@@late cleﬂnQﬁlﬁ Ph, P8s
3, 215, 203 313, 346 4 , 251,176 U S. Patent

47
3, 285, 48en bugh h3&63d1£bﬂxﬂﬂﬁl?hr$$aé06f06]Nﬁ%ﬂﬁ@fn§5aa&86@ﬂ¥d§3@5@ﬁ a
device for handling tubing and the Thi s device is capabl e of

i nj ect Brotlieel edstwhictd dnd dtlee el k. tho&ugh swidtabd @nd ek i fgeBds orsWhes a
bl ewout 25 preventer or stripper, and is currently conmmonly known as a coi
tublng|0psmructzons-3{deéiyF&ﬁﬁmiCG;818p34&un§nmmb¢@subnallyigﬁPto
Robert V. Cross and discloses methods and apparatus for working in a well
using c@@ssiblagtoUreoventtrads €90f 18Bewtinepi bstedt onrSeptenttdre kil
1972 5to Danon T. Slator et al discloses apparatus for use with a coi

t ubi ng itylingrteodisdill quitdesughl ebstryatdéenshe Irbeubyng. dridds have

apparatus gui des the coil tubing between the reel
been used but have been found to develop insufficient torgque

10 for many jobs.

Thus, it is desirable to perform drilling operatiqns in
wells through use of coil tubing which can bé run into ahd
_jemoved from é well quickly and which can be rotated to perform
various and desirable drilling operations such as the removal.

15 of obstructions..while.also performing the usual operations
which require only the circulation of fluids.

-Known prior art relating to the'present invention includes:

3,191,450 3,216,731 3,559,905 3,865,408
~ 3,191,981 3,285,485 = 3,690,136 . 4,085,7%
20 3,215, 203 3,313,346 3,754,474 . 4,251,176

U. S. Patent 3,285,485 which issued to Damon T. Slator on
November'ls, 1966 discloses a device for handling tubing and
" the like. This device is capable of injecting réeled tubihg
into a well through suitable seal means, such as a blowout
25 preventer or stripper, and is currently commonly known as a

coil tubing injector..



and the injector with mninmal permanent defornation and then straightens
the coil tubing when permanent deformation occurs. 10 = U S. Patent -
3,559;@&5 whi ch i ssued to Al exander Pal ynchuk on February 2, 1971 di-scl oses
‘an’inproved coil tubing injector havipg.a chain drive nmechani smwhich -

I ncl udes not onIy t he usual endless track or drive chain with gripper pads

chai n v IﬁFn ch ;ﬁ%%tttk“-fos:f%daé§bb%§%$&$%§fﬁﬂim3%ﬁ*<? Eah8EkaVie
P i ies BB aERaRER RECBade sl Hebittat 05, BB, MsR Il thh iR weddes

nmet hods, and _a araifs for running coil tubing into and out of a well
wit hatit? ﬁ%fSP rﬁ%r- 20 manently. O course, this has no bearing upon

(the presegl Envedtiea iod IeabNAICH M4 ild Non' BELRIAIAL M A ! Hopat he

track is simlar to the'‘in present 1 nve iS"an

| Wﬁ%’ﬁnggégﬁhﬁr e@9Ql.ord etslgggﬁggt:l%s@@,alag 4 hi G 5%?1%& O, ALEX nder |

Pal ync on August 28 | scl oses |nprove gripper pa use

on a ééﬁfktﬁhﬁg {9 jeAidY oo absehl giRtid'Ghnd) EEI'QEghten 4nhé) ci 1F’at ent
3,215,203 issued to Ph| llip S. Sizer on Novenber 2, "1965. This patent

i 11 usggss R§ . anthdeappaios WPghaies thie TBIDI Hgbi AGNLRE Wiidie tHéOraelel |
agai nst we ] pressure. A guide tube is provided to prevent buckling of the

5 pi pendintke bajeytoal with aatisimdle perudanen: apefbahat iicic|akesthehh

stationary and traveling hydraulically operated slips or grippers of a type

usablst raightansprtbecmoi nviewb i ng. whenSpeRataanent, 885otad tilvrehocesusd to -

Mal col m N.  Counci | W/

10 U. S. Patent 3,559,905 which issued to Alexander Palynchuk
on Febtuary-Z, 1971 discloses an improved coil tubing injectog
having a chain drive mechanism which includes not only the
-usual endles# track or drive chain with gripper pads thereon
for gripping the coil tubing, but also has an endless roller

15 chain within the track to reduce the friction between the track
and-the pressure beam, thus providing a good grip on the coil
tubing while requiring less horsépower to drive the tracks.

This patént also discloses methods and apparatus for runﬁing .
coil ﬁubing into and out of a well without deforming it per-

20 panently. Of course, this has no bearing upon the present
invention, but the injector with the roller chain within the
track is similar to the injector of the present invention which
is.an improvement thereover. -

U. S. Patent 3,754,474 which issued to Alexander-Palynchdk

25 on August 28, 1973 discloses an improved gripper pad for use on °

a track or drive chain of a coil tubing injector.



on April- 25, 1978 illustrates and descri bes snubbi ng apparatus 10 sim | ar.
to that discloséd in U S. Patent 3,215,203 supra. This patent, in
addi.tion, di scl oses a spline arrangenment for nmintaining axial alignment: of
its pistons with its hydraulic cylinders.4dJ. S. Patent 3,216,731 vvhlch2'
issued tQ WlliamD. Dollison 15 on hbvenber 9, 1965 |Ilustrates and

descri bes appar &.Upddkn! 40y 308 Urdhidd €6 PRILRRE &. Bocleprsgoure

regul ators, and relief valves afranged to step d pressure by

provi di NiodeRbRYS e (e, ACFRTS BATR! r1'1plﬁ?§tf£‘té%§rh?)§l HeddBfpope can

be snubbed into.a well having a surface pressure far greater than that

Cons'derﬁﬂgﬁ%ﬁ%d@‘ﬂ&ﬂfﬁhﬁﬁﬁﬁb NEB&HQ%E %ﬁg?“ﬁ%@@ta Weld: d%ﬂfﬁ§t4w851 176
issued to Phillip S. Sizer and | col m N unci | on February 17, 1981 and

i |l ustrappessngedese iiera@ppapat §8 provaaddity piedentt %lﬁ:ﬁ’ﬂﬁg dhi enéd
equi pnent i's shown to use stationary slips or grippers of the - 5-

gener ab pype ahder headkys cHhusnt 13ad%5, 20he Bpibbi ﬁgda‘pdplal‘fhtms)Uildclbﬂes
used in the apparatus of " the present invention. U S Patent 3,191, 450
whi ch i seath sbatiodary |awd bnaveddngd hylidGulidablyavperatkdesktipdesra
fluid driven pipe rotating device such as could be used with the
appar at usrbppehne pfeserttypevenabdr. wiltB. tha amtesen®ljs8enthicgh i ssued June
29, 1965.to DW OGsmun and U S Patent 3,865,408 which issued 10
February 11Y- $97B8atentc4+@B5. RIS whisd iiddusd reweMainelm N. Council
; on'April 25, 1978 illustrates and describes snubbing apparatus
10 similar to that disclosed in U. S. Patent ‘3,215,203 supra.
This patent, in addition, discloses a spline arrangément for
maintaining axial_alignment of its pistons with its hydraulic'
cylinders.
U. S. Patent 3,216,731 which issued to William D. Dollison
15 on November 9, 1965 illustrates and describes apparatus in-
cluding a plurality of strippers, back pressure regulators, and
relief valves arranged to step down high well pressure by
prqviding a pressure drop across each sfripper in series so
that pipe can be snubbed into a well having a surface pressure
20 far greater than that considered safe with the usual stripper
arrangement. |
U. S. Patent 4,251,176 issued to Phillip S. Sizer and
Malcolm N. Council on.Fébruafy'l7, 1981 and illustrates and

"describes appératus for snubbing pipé into a well. This

25  equipment is shown to use stationary slips or grippers of the



"descfibe packof f -t ype over-shots of a type which could be used to connect

jointed pi
i nvention.
t easles,
possi bl e

pe to coil tubing for well servicing as taught in-the pr
None of the prior art of which applicants are aware 15 s
or suggests  apparatus and/or nethods which woul d nmake

torun a length of coil tub-Bg into a well using a coil tub

esent
hows,
It

i ng

injector and then rotate the same while it is in the well. hblther~gpes
any of thegbmmmauntzmeashosmggextUaBdlmgqgntnadzmspQOBo:thraheandpper

end of t

to rotate whachtrcagldf babnmgedl etn althee APDag At nefitthe apoésentown in-

the well.

he coil tubing extend .its penetration into the well.

According tao one aspect of the present invention 25 t her

provi ded appaeati®n.for injecting COI| tubing into a well for perfo

a downhol e

- nmeans for
said coil
5 2 cf

nmeans bein

operati on which

and

eis
rm ng

uires rotation thereof, conprising: a.

6 .
|njecﬁﬁﬁb-d%??e?ﬁbﬁn&ﬁhﬂ*? YRiFD 1SsRRd | toredns HorVsLEPBUNdi ng

t ubi_ng and bej nhg npvabl e Iongltudlnally oy said_jnjecti

Onpy, fotr i @ashbt ySHFRpE Snéaﬂﬁ%qubqﬁﬂﬂrm}u%%J@rbg?B

and d.  reat r?%??fggeée?l 0 92V 5C5: | BRERg ARaroT ol Ao SeRtearhthui TS

prOV|ded q

10

20

Q%%%&%gp R otggéegﬁggcgngfn%hglpresent |nvent|qn there

COl
U.S. Patent 3,191,981 which issued June 29, 1965 to

D.W. Osmun and U.S. Patent 3,865,408 which issued

neans;

pi ng
Wt h;

neans.

i's

'February 11, 1975 to Carter R. Young illustrate and

describe packoff-type over-shots of a type which could be

used to connect jointed pipe to coil tubing for well
servicing as taught in the present invention.

None of the prior art of which applicaﬁts are aware

shows, teaches, or suggests apparatus and/or methods

which would make it possible to run a length of coil

tubing into a well using a coil tubihg injector and then

rotate the same whilé it is in the'Well. .Neither does

any of the known prior art suggest adding jointed pipe to

the upper end of the coil tubing to extend icd
penetration into the well and to rotate the string of

tubing, let alone while moving it up and/or down in the

well.

25

Accofding to one aspect of the present invention

" there is provided apparatus for injectihg' coil tubing

into a well for performing a downhole operation which

*



.injector to permt rotation of coil tubing or pipe about ‘its |ongitudinal
axis while extending into a well, conprising: 15 a. elongate body
means having a | ongitudinal bore therethrough for receiving said coil 27
tubi ng or pipe, said body having an exterior surface capable of being *
gri pped_by said coil tubing injector; b.-ggripping neans  rotatably
supportgd by said 20 el ongate body neans for rel easably gripping and
hol di ng pi pe afedifites Ubb gt dbsperedebli¢r eomprdimy: means for rotating
said gripping nmeans relative to said el ongate body neans. According to

anot her aspect of tade neasenfor niejecobndbcoillhensbing iprova deellla net hod
of servicing a well, -7- conprising: a. installing a length of coi
tubing in the well Bhroughl umeaock docoisurtnduimiingj eatidr coddd thabimy adndg
said length of coil tubing to performa 5 downhole operation in the well.
Ref erence is hedwaefevabple htongitonpangilay dvawaigs,injesihind meapgure 1 is
a schematical view showing a well having equi pment nounted thereon for
infecting Scoil tubingeans farereeheasally Fripping said coil tubing,

said gripping means being_ rotatably supported by said
quill.means and movable therewith; and |
d. means for rotating said gripping means relative
L - to said quill means.

10 According to another aspect of the present invention
there is provided quill means for use with a coil tubing
injector to permit rotation of ceoil tubing or pipe about
its longitudinal axis while extending into a well,
comprising:

a. elongate body means having a longitudinal bore

o]
w

therethrough-fof receiving said coil tubing or pipe, said
body having an exterior surface capable of being gripped
by said coil tubing injector;
b. g:ipping means rotatably supported by said
20 elongate body means for releasably gripping and holdiné
pipe or coil tubing disposed therein; and
c. means for rotating said gripping means relative
 to said elongate body'means.
According to another aspect of the present invention

25 there 1is prbvided a method of servicing a well,



" -8-"Figure. 2 is a fragnentary schematical view simlar to Figure 1 but to
| arger scal e and showing coil tubing being run into the well; Figure 3 is a
'vizg'simlzﬂ to Figure 2 but showing the coil 5 tubing with a connector on
i t%“upper end; Figure 4 is a longitudinal view, partly in section and
partly in elevation with sonme parts byoken away, showi ng a wel ded connector
connecting a length of pipe to the upper end of the coil tubing; 10x 4
Figure 5 bgmpr¥is8Wgsi mlar to Figure 4 showing a.connector which is applied
- without welding;, Figure 6 is a cross-sectional view taken along |ine 6-6 of
Figure 5; Figuae 7Anst@lVigy @i MémithOof Gl 3thbting tint kdeChad 15
drive nmechanismof the coil tubing 1njection unit opened and show ng the
upper endtheotighnusk Wdfe L£@dil ubemingt Latjgbteredamd Figure 8 is a view
simlar to Figure 7 but showing the quill being lifted into the open chain
drive nmechani sin.f roma2( dyel s, d Figngeh9oifs coili evunlsing | &0 tpe dfioyur ea 8 but
showi ng the quill engaged in the chain drive nmechanismand with a gri pper
and a>r ot dcenhpdenoeeratidme uppere ewellbf the quill; Figure 10A and 10B,
taken together, constitute a view 25 sinmlar to Figure 9 but showing a
swi vel and hosBeésngaceed § cnow made to the accompanying drawings,

in which:-
Figure 1 is a schematical viewish0wing a well having 
equipment mounted thereon for injecting <¢oil tubing et

10  thereinto;

[
o

20 - | . - e ¥

25 -



-9-- the upper end of the coil tublng or plpe connected to the upper end

thereof so that fluids nmay be forced into the well there- through; Figure .
11 is a schematical view showi ng hydraulic nmeans for 5 limting the stroke 29.
of the quill; Figure 12 is a diagramof agportion of the hydraulic

circuitry, for operating the stroke limting nmeans of Figure 11: Figure 13

'S a topewi ey %f :%t%Q'&CErQIEﬁEﬁtB% Reaidhyel ¥ahl Wilew G ipiwbad tobavel of
the quill in tHe injecting uni Figure 14 is a cross-sectional view

taken al pRgulrena Wit 1o Ofa Fi@¥r Bchle MrkiiiSisoubAgand 158 ul k§bé 088t han,
constitute a viewsimlar to Figure 9 but showing the quill, rotator, and

gripper. i hitop@redas@m! ed form being [owered into the coil tubing. 15
injection unit from above, the chain drive nmechani smbeing not yet opened

to receive tFdgatd 13 idiguvbedbsinidarong tRiguae 2i ot pHdwing Nnthe coil
el evation and partly in section with sone parts broken away, show ng the
coi | tebtobing editdhr dfcdmmectareoni dtswitpgpeni éndubing engaged 20 t herein;
Figure 17 is a cross-sectional view taken along line 17--17 of Figure 16;
Figure 18 i sFdguresst siss:ta obangitedinalery idwngparhdyldn seaffichgand 16,
but show ng the quill in place; 25 31. )

. partly in elevatlon w1th some parts broken away, showing a
welded connector connecting a length of pipe to the upper end
of the coil tubing;

10 Figure 5 is a view similar to Figure 4 showing a connector
which is applied without welding:
Figure 6 is a cross-sectional view taken along line 6~--6 of
Figure 5; _
-Figure 7 is a view similar to Figure-3 but with the chain
15 drive mechanism of the coil tubing injection unit opened and
showing the upper end portion of the coil tubing straightened
up >
-Figure B8 is a view similar to Figure 7 but showing the:
quill being lifted into the open chain drive mechanism from
20 Dbelow:
Figure 9 is a view similar to Figure 8 but showing the
quill engaged in the chain drive mechanism and with a gripper
~.and a rotator mounted on the upper end of the quill;

Figure 10A and 10B, taken together, constitute a view

25 similar to Figure 9 but showing a swivel and hose connected to



-10- Figure 19 is a viewsimlar to Frgure 16 but showi ng the coil tubing
~anjector with the quill assenbly engaged therein; and Figure 20 is a
~O¥ross-sectional view taken along line 20--20 5 of Figure 19.. Description

of the Preferred Enbodi nents Referrigﬁ_nOM/to Figure 1, a well 20 is shown
being serviced in a manner and through use of -apparatus which will 10.now
be d ri T ekl is.:equi.pped with it e surface _equi pnents ‘
con’nggt(:éi o%?korr dry\gt mgégt rcg’el%}l%n'g? Y\%ll'nﬁﬁg’gs?'glrm\'/%?{/‘égzg? gv%'/a RI2 RS 26,
W Ngg yg \éige&%f@ozém?“@xﬁfi%e n?.ﬁ, fn?% FQPLLA! NG Liige Wabh 1§ HellR iSua
manner. paratus for 15 practicing the present Inventiron i s nounted atop
“the ghgbgbmgs tree 24. This apparatus permts running an operational. tool
40 into the well 20 on coil tubing 50 and then rotating the coil tubing in
the wel | piBid SIPNSs 3% esBRERAAIcAAIN G| ShBWEHPIIRRIELui PE HRRGIs Gk Of
the coil tubing and for even lowering 20 and/or raising the coil tubing
whig i tiihgoainy sickedof tThies @Y atus, as seen in Figure 1, includes a
bl owout preventer stack 34 for sealing around the coil tubing or pipe to .
prevent Figuescai® pé aediaframinf a tpopdilonSofr atdlimgiranlow | i ke
openi ngs between its legs 36 for access to the |ower end of the 25 coi
t ubi afrétai talyarfpnmppeea i ngnahet adrolseichind tilng twednsiOof aF pgureofll ;
stationary slip assenblies 44 for holding the coil t ubi ng agai nst upward
or downwBigurendi3 uidé nal topvedewt ofa xdivwotpherg ipljant cfob0pbeaiitiyedygi n
pol e 62, hoist 63, and hoi st

limiting upward travel of the quill in the injecting unit; - ;)

[~

10. - Figure 14 is a-crbss—sectional'viewuﬁaken along line 14--14
of Figure 11:; .

" Figures 15A and 15B, taken together, constitute a view
similar to Figuré 9 but showing the gquill, rotator, and gripper.
in pre-assembled form, being lowered into the coil tubing

15 injection unit féom above, the chain drive mechanism being not
yet opened to recefve the quill;
| Figure 16 is a longitudinal vieﬁ, partly in elevation and -
partly in section with some parts broken away, showing the coil -
tubing injector of this invention with coil tubing engaged

20 therein; |

| FPigure 17 is a cross-sectional view taken along line 17--17
of Figure 16:' |

Figure IBIiS'a cross-sectional view taken along line 18--18
of Figure 16, but showing the quill in place; |

25



li-ne 64, work platformor workbasket 65, and a coil tubing support arm 66.
A reel of coil tubing 70 is ‘disposed a. 5 convenient distance fromthe wel'§} .
and feeds coil tubing 50 into the coil tubing injector 60. A quill body 75 ~
surrounds the coil tubing 50 and is suspended in an out-of-the-way position
bel.ow the injector 60 as shown. A stop pl ad8=76 supports the quill body 75

in thepositi h . A quide |0-tube 78 th i | tubi and
has. 119 oRITERA 15 deneu whe RiRALRF ofd aRRA Lk i I ehorind Bl

ti _ . UpV ly.th 1 ill,75.  lts. U _ i Qs .
ol cscasat rnpstpReThdelol Wkh e h Bsppubdy Wadll {ECETR: e
coi | t%gkpg frombuckling as it is forced into the 15 well, against well
pressure, if any, by the injector. The heart of the coil tubing injector 60

is the nec@ﬁg heh o f I 683H gl 14 i 0,1 t t hg_wehl

t hrough the '%ﬁ%u bprggvghters%Jq |si%é% aﬂ?%ﬁiFh@%ﬁh%@ggﬁgﬁﬁﬁé?t§ge Pive
mechapi ggbdfg 81 pping the coil tubing, and 20 this nmechanismis powered
bytpgﬂé?ﬁheans 82 conprising suitable hydraulic notors and transni ssion
(not shown). .Pressurized hydraulic fluid is supplied by a power -pack (not
shown) connecteéed to the hydraulic notors via suitable hoses (not shown). As

thB.Chﬁé&d%%é%i@ﬁvéf”Eﬁ@aﬁﬁﬂﬁéyiéGSEﬁﬁd@ﬂméﬁtgne 25 direction, coil -

t ubi ng ) € 'S nmechanismis reversed, coi

tubing i s Réfereinigl how the Mijure 1, -d2wellpROr dlsi ishown gtnd3 are used

to position the coil tubing injector 60 a spaced di stance above the

% -Qi_il_'ﬁres&r:wisiéd)sizﬂ%tgannewi ands pinodgh sser ofigappd rapersatwhiceh hei hi | |
10 now be described.

The well 20 is equipped with'suitab;e surface équipment_
connecﬁions-or Christmas tree 24”§omprising master valve 25,
swab valve 26, wing valves 27 and 28, and choke 29 for

" controlling- the well in ‘the usual manner. Apparatus for

15 précticing the prééent invention is mounted atop the Christmaé
tree 24. This apparatus permits running an operatioﬁal Eooi.40
inio"the well 20 on coil tubing 50 and then rotating the coil
tubing in the well. Provisions are made for addingljointed
pipe to thé upper end of the coil tubing and for éveh.lowering
20 and/or raising the coil tubing while it is being”rotatéd; This

apparatus, as seen in Figure 1, includes a blowout preventer

stack 34 for sealing around the coil tubing or pipe to pfevent

the escape of well fluids, a tripod 35 providing window-like

openings betﬁeén its legs"SGIfor acéess to the lower end of the
25 coil tubing for changing oﬁerationﬁl tools SuChlés the tool 40,

a pair of stationary slip assemblies 44 for holding the coil



hgigt 63 and gin pole 62 are used, anDng other things, to lift 5pipe
ions for adding themto or taklng them fromthe upper end of the coi
tubing in the well as needed. A plurality of guy wires or cables 84 have

their upper ends secured to the appratus, as shown, and their |ower
anchored to the ground in the usual mamid= to stabilize the | Otal
stru t re L n_J I t er. Figure a
AR SR A AR B T

t ubi %§Pncje” da%%aeﬁ%ekb% | guggnl §ches %heﬁow r gii, 033 t}%@i

the | ower &en e coi g appro e de t at ‘whi c ?

ends

°‘P
dsed 1o injec COI

go on
ot ati on

of t*l%.xfé)'é«tt%f‘ﬂ gﬂlhltfb%n{ wwsﬂkbwﬁe%t g ondhy &l een%&&gmgaged to

support the coil Ing, the injector's grip on'the coil tubing is

rel eafgshotthea el betubAn&e%aplQthcaim eQDind VMY #UaiSpoksled way, and the

coil tubing is cut. Then, a threaded connector 100 is attached to t

ends Pondker it p@IEtﬁﬁc@f f¢@n thdi WglWhiaid Ferdst Sof Logubliaigvso ,
in Figure 3, so that jointed or threaded pi pe can be added thereto

he upper
as seen
to .

ext erichtid sthengdhl asubdagi rietiedtoer 6ati val Yyuifl ibodg RSowmrlrefuridéi me at
whi ch depth an operation is to be perforned in a well, 'the coil tubing can
be 2%hw amil toubingt BOamndn idreaspdndedndot &n 1@®a-qé’rdhé-m et o as seen:
in Figure 4. -13- In Figure 4, the threaded connector |00a is shown to

have Pes&itvion he bpenthg BOectmr r 69t aBc S&EWI atA 19%opoppadeE Fb a-
103. Coil tubing 50 has been tel escoped into the open bore 101 and
agai IBPRATAS dehe 1981 14f bed¥w 2 hint thgsposition shown. A guide

10 tube 78 surrounds the coil tubing and has its lower end -

attached to thgjstationa:y slips 44 while its upper portion

shoul der
abutted

W,

extends upwardly through the quill 75. 1Its upper end remains

telescoped into the quill at all times. Thus the guide tube

prevents the coil tubing from buckling as it is forced into

15 well, against well pressure, if any, by the.injeéto:.

the

The heart of the coil tubing injector 60 is the mechanism

whieh forces the coil tubing 50 into and out of the well
through the blowout preventers. This mechanism includes a

chain-type drive mechan{sm 80 for gripping the coil tubing,

and

20 this mechanism is:powered by power means 82 comprising suitable

hydraulzc motors and transmlsszon (not shown). Pressurized
hydraulic fluld 1s supplied by a power pack {not shown)

~ connected to the hydraulic motors via suitable hoses (not

shown). As the chain-type drive mechanism 80 is driven in one .

25 direction, coil tubing is forced into the well, and when this

mechanism is reyersed, coil tubing is withdrawn from the well.



5 been welded in place by pressure-tight circunferential weld 104. The )
upper end of restricted bore 102 is internally threaded as at 106 for 33
attachment of pipe 110 as shown. Precutting the coil tubing and attaching. -
the connector as seen in Figure 4 may pos&tﬂglsave considerable tine at

the well_10 site and is likely to be prefer d over cutting of the coi

t ubi ng @d 'ﬂ%?uL%Tgtw &£ 9N §té)% QPetl telgejdoqrvﬁ_leélo%ﬂaggl b 1t ut3:|(§ﬁglt Pﬁ‘bmgt-

ot her 'hand, Ts at t SI't e morklng h"1s™ n

oot beif'ﬁg £8B0e tge %ﬁ e co';?¥ Eow"n ok Os{g?ﬁ)%kk?’at gw%ato

depth is Feache I'ng needs to be ro as when a

sand briglagy fie O saeo%gr warq %26826880a 10l | 05120681 11 8 COihsd ubi ng

can be cut. an be done mnt aw aft engadi ng the stationary

sli ps 4%% béfegha tllﬂeg@; 198 ea;éoﬂkgge %Qdéné @é@?edzpungs. lfo thft

t he-wel | super at sph C pressure and cannot to that of

at m0sPBY; pe 2 £8EEENYUYE %'&ﬂrﬁ;; €fn ¥8NGLORAc LAE Ckn¥al \f%o#%ecu&sts& 1)

must be“used in the coil tubin el ow the place whefe it is to be cut.

check valye k! tn80gsRhl ¥ubl righstrdl tied @813haw ridedéqure 1 between the 25
| ower end of the coil tubing 50 and the upper end of the 35 -14-

operational Aoplubfiitit oifs gBc aEsgledrt Babllde aherkveatueilke uppdml | ed
whether or not its use is anticipated. After cutting the coil tubing with

t he hackasls sécuned be sheaiaghirarnds{ oasashowmblandi Shaibce lower addidion,
the end of 5 the tubing nmust be prepared for attachnment of the non-wel ded
anchored to the ground in the usual manner to stabilize the
10 tall structure in its vertical position.
Referring now to Figures 2 and 3, it will be seen that the
coil tubing idjectof 60 is being used to inject coil tubing 50
into the well 20 of Figure 1. When the operational toocl 40 on
the lower end of the coil tubing approaches the depth at which
15 rotation of the coil fubing will be required. the'stationafy -
slips 44 are engaged to support the coil tubing, the injector's
grip on the coil tubing is relcased, the coil tubing support
arm 66 is swung out of the way, and the coil tubing is cut.
Then, a threaded éonnector IOO is attached to the-upper end of
20 that portion of coil tubing which projects from the we11; as
seen in Figure 3, so that jointed or threaded pipe can be added-
theréto to extend its length as required.
Alternativelf. if it is known beforetime at which depth an
~operation is to be performed in a well, the coil tubing can be

25 precut to length and a threaded connector 100a welded thereto

as seen in Pigure 4.



connector | OOb seen in Figures 5 and 6. Thus, the end of the coil- tubing
. must be snoothed by filing or applying enmery cloth, or the like. The end of
,thggaubing must al so be notched in a manner simlar to that shown at 125.
"Thi'S®not chi ng may be 10 acconpli shed Qé3first drilling a hole through the

tubing near its cut end and then sawi ng~out the waste material to formthe

~ notch 129, FhgugukCitte | be4QBR" cotnet t1ISI00a 188, shawn& A Hiyé w81
‘flared at 132°to receive tapered slips 133 which are biased 15 by spring

Neandowhwirasys ppend ntp e 1801t peberdetiarids 156 102 e6f pravady td N9
engagenent with the outer surface of the coil tubing 50. he bore 131 is

i nt edehideth103ded CaH 1BittdPing 050ehas deldif telVdscdpeaaintoctheolopyiper
sub 137. Seal ring 136a seals this threaded joint. The upper sub 137 has a
bor eb@be 168 anbanpattasl aigdB¥stit shoalkdercrl08\d 4 Hrer owhiehdawntgasdl vy
faci ng shoul der 140, and its upper end is internally threaded as at 142 to
r e dheent Weldedednt plemie by rpressprpetight aiddinfdhentppdr wedld ext ends
downward beyond its external thread, and one or nore pins 143 are wel ded in,
sui thte rEaeanpPPer ene f crestrictedaborey 1QRitis hbaiternadlyends proj ect
into bore_ 139 as seen in Figure 6. A suitable seal ring such as 36 -15-
sealthrepdedapsag 306 £PT RkrchrentaPt fdfe 10 13® $BEYR130 as shown to.
seal between the sub and the coil tubing. The prepared end of the coi
t ubifRPTRtE1RE, B Folly HYRING RNGoRELASRING thit QOPRREESE aFd Sefifsti ng

it 5 if_pecessary to cause the recesses, 125 en e the
.~ in F{Eure 2 %ay possf%ly save considerable é¥§L at the well

10 site and is likely to be preferred over cutting of the coil ' ~

tubing and installing the qdnnector on the job..

If the coil tubing, on the other hand, is to-be.cut at the

well site, as when the working depth is not knéwn before hand,

the coil tubing may be run into the well, and when a depth is
15 reached at°which the coil tubing needs to be rotated, as when a

sand bridge or ofher obstruction is reached, for instance, the

coil~ tubing can be cut. This can be done with a hacksaw after

~engaging the stationary slips 44 and bleeding the pressure from .

the coil tubing. ~
20 If the;well has superatmospheric pressure and cannot be

bled to that of the atmosphere, a check valve such as con-

ventional check valve 120 (Figure 1) must be ﬁsed in ﬁhe:cbil

. tubing below the place.whére'it is to be cut. The check valve

will normally be installed as shown in Pigure 1 between the

25 1owér~end of the coil tubing 50 and the upper end of the



inmardly__projecting' pins 143. The slips 133, -being_spring bi ased,

will bite the coil tubing automatically, and the seal ring 144 will 35
sealingly engage the coil tubing automatically also. =~ The connector ¢
100 will, 10 wunderstandably, wi thstand an -appreciable anmount of

pressure, tensile load, and torque. W#hk a connector 100, in suitable form

SUCh"azp;BQE L fshaiCeootelaind coOngst pechbimared OMhyE! ERE CHACIOL]1 be
secured~on the upper end of the straighened coil 15 tubing as seen in

Fi gure et figs€hl Badihee W hewi §at 80t 8f ulslae i) et peipatrepened to its
wi dest, and the quill body 75 is then |ifted into position to be gripped in

the chain driyeefeelieniing 3he dbyLreuBinhowd thaKpihickedw, 75 thaiuge thes
lifted. The quill body 75 as was explained 20 - earlier already surrounds
t he coilstrdiglat éfedTiforqai Iduinoslyl €5distbhnkle€d UM idddisioppethencend ol |
above the injector 60, then the chain drive nechanism 80 of the _
i nj ecBorti® tubihgsmdstipbe igdregatddt for asthichdentgrofpebebeonesre dwedt wo
chains 8la and 81b, 25 as seen in Figure 9. A rotator 200 is then
at f achedccamneqtonpp@Pbesgenf itthdF igmtesbbdpnds &.hr Syks usthef esd af tthee
connection 210, preferably a sturdy union such as the well-known bolted
G ayl ocleqilk atlebagkpughi e Jon@thed3py- félingidriRrrly bRoGeme Iy I< Rbhs
of Houston, Texas. - The rotator : .
- or the like. The end of the tubing must also be notched in a
manner similar to that shown at 12S5. Tﬁis notching may be
10 accomplished by first drilling a hole through the tubing near
its cut end and then sawing out the waste material to form the
notch 125.
The connector 100b comprises a housing 130, having a bore
131 flared at 132 to receive tapered slips 133 which are biased
15 by spring means such as spring washer 134 to force teeth 135
thereof into biting engagement with the outer sutfaée of the
coil tubing 50. The bore 131 is internally threaded as at 136
'to receive the lower threaded end of upper sub 137. Seal ring
L/ 136a seals'this threaded joint. The upper sub 137 has a bore
20 138 enlarged as at'l39 at its 1ower_end to provide downwardly
facing shoulder 140, and its upper end is internally threaded
as at 142 to receive the lower threaded end of piée section
110. The upper sub extends downward beyond its external
thread, and one or more pins 143 are welded in suitablé.radial_

25 apertures in its wall so that their inner ends project into

bore 139 as seen in Figure 6. A suitable seal ring such as



200 is pomered by a hydraulic notor 220 having a sprocket 222 for driving

“chaln 224 to rotate the rotatable inner portion 228 of the rotator within

t he,housing 230. A gripper slip assenbly 5 300 is attached to the upper
end3 the rotatable portion 228 of rotator 200 by bolts 232 as shown.
Hydraulic fluid hoses (not shown) are attached to the piston/cylinder_
actuator 310 of the gripper 300, and fLBrd pressure supplied thereth&gugh

i's used toseagags ddie1gni ARETd M pHstae Qpléntlibﬂt%naajt?éc%gchnlotﬁé'e
stationary s It is understood that the two stationary

lLip 4 are release
slips 44 aR89¥h 3‘33)r 28eShOYR (tdnsBALy ReWeRP athea b P4 ithe eglbe
i dentical . tuﬁhaghydrwlpﬁebasea ¥Ind t@ﬁntﬂbsmrlecwslﬁgomst hien €16 f8@r 300
and connec of the%é gtgr 200. Th%900|1 t ubi.ng can then be

tor
5 rotated %ng%ynl &ﬁﬂl P& & Be GPRPGF toF0 andgyF 9yttt he
drive mechafi sred®ssdryhetd npaaiser - ﬁﬁe theceosést U Hg toanebgalgef tigle Or

| onered wh | ing r te usl t he coi
- tubi ng canihga%\}gd Hggategg V\ﬁm\/\ﬁrlnrge tﬁ%s’ not '9%% négjljf%% ie?’g’ Grl ppe? 300
“may be. li kéPFhégslhlﬁi%oenﬂHtll | ik r bhed carid déebmbe@uuoma\t:&amt ent
3,215,203 50aP-th2 348 r$H ra14‘il'hgur1;1t ﬁ;?%%l% %%Ewelﬂ a 'eketR %&’g_iar to

that -seen in U S. Patent 3, . necessary .
to engage tReiggi ppekomabigadhyt halsegi| td%?%g %9?%%9?@ﬁerlQQP(ﬁW%1ﬂa(xnI

t ubi ngo ntendbesvehliabiyysuaki thstapaed Lef ongptrae idild | nsmeﬁnepe@é' ng

38 17 depLh a5, 0eq [ S9e G ha | S Lo Sg08S, 25 S00n @ The auil

With a connector 100, in suitable form such as, for FJ
_instance, welded connector 100a or non-wglded connector
b, secured on the upper end of the straighened coiI
15 tubing as seen in Figure 7, the chain drive mechanism 80
of the injector is opened to its widest, and the gquill
body 75 is then lifted into position to be gripped in the
chain drive mechanism 80. Figure 8 shows the quill'body
75 being thus lifted. The quill body 75 as was explained
20 earlier already surrounds the coil tubing 50.
The qulll body 75 is llfted until its upper end is
well above the injector 60, then the chain drive
mechanism 80 of the injector 60 is closed upon it so that
it is firmly grlpped between the two chains 8la and 81lb, ‘\/
25 as seen in Figure 9. A rotator 200_1s then attached to - |
the ‘upper end of the quill body 75 through use of &
suitable connection 210, preferably a sturdy union such
as the well-known bolted Graylock (Trade Mark) union

30



and its rotator and gripper have been nounted in place in the injector, a
length of pipe 110 is threaded into connector 100 and ti ghtened. The -

injector is then operated to raise the 5 quill, the gripper is engaged mABW-’ f

the 'pi pe 110 above connect or 100,.thg1§Lationary slips 44 are rel eased,. the
rotator 200 is started up if desired, "and the injector is actuated to | ower
t he tubipg; ‘ &S eloTH ¥ Vo) bysaaddi

addi ti (%?1}%%%tg§¥(#%pi_ pe %ﬁﬁ'f *cﬁ%i%\é\%r%a?lgﬁgsggéiﬁt his 10 r%gghkergggetlpgr e
rotati ofogf 1 4NgokiReRd iy Pitiradiys malBR! DFS HIRAAAN CopPoliidR 22AtI Ng
quidSQQ%gh;%sﬁahter,'5%? or "ot %H %?u?é,ggomn t he céﬁ? tu éna as it is

bei ng rebat §i dRAGOCHIAE DY & FoVRebNehBe rdRladtati¥ iﬁ%éf)gﬁs&e%ﬁnez%

swivel such as swivel 400 is connected to the 15 upper en the pipe 110

as seerpf Nefié JPbLatoR witHiln G NEoEHTRGCRS0.di ReGrdppdr L BPAEkeRR yOf
the coil tubing if necessary, via connector 100. e swivel 400 may be

suppof t3000 byst Aethehed &> AHe Gildér 6dnd THE the' dlotd¥aNs pPoftibd hesge 410

connected either to its side or to its upper end, depending 20 wupon the
desi gn of #6€atdkVQ00 bihdoIter232dasi shbenhos Hydkduls € ofeid cHosesa
source of pressurized treating fluid (not shown), for instance, a punp so
that fl(nats showhd azecadtavhed o vehé phseoglicyid ndud dathiator TBROSBEVeE!
all ows the pipe connected thereto to be rotated while the swivel is '
suspendgte 29rippen- 8003t alnd/ £lhnid phespupe soppidedorthenettndughniber.
-18- Since the quill body 75 is of limted |length, the coil tubing 50 and
pi pe 1MBedntdecengage lphet grippeniwitbntheachdl tadingcaftepkehich can
beeqkyed downward until the | owernost

the stationary slips 44 are released. It is understood that
the two_stationary slips 44 and the gripper 500 (commonly
called a traveling slip) may be idenﬁical. . The hydraulic hoses
are then disconriected from the gripper 300 and connected to
motoxr 220 of the rotator 200. The coil tubing can then be
15 rotated within the quill body 75 by the rotator 200.. By
actuating the drive mechanism 80 of the injector'GO, the coil

tubihg can be lifted or lowered while it is, at the same time,

- being rotated. Obviously, the coil tubing can be moved up or

~ down while it 'is not being rotated.

20 ‘Gripper 300.may'be like the slip assembly illustrated and
described in U. S. Patent 3,215,203 to P. S. Sizer, supra. The
rotatorIZOO'may be like or similar to that seen in U. §. Patent
3,191,450,

_ | In many cases it may not be necessary to engage the'gripper

25 '

300 with the coil tubing since lowering of the cdil,tubing into

the well is usually stopped before the drilling or operating



: -'_positi0318i n the injector is reached, and, sinilarly, it can be 5 noved

~upward until its uppernost position in the injector is reached. Preferably
t hese ‘'upper and lower limts of the quill are determned by suitable limt
means such as |limt valve neans hasiipg roller feeler neans engaged with the-
~exterior wall of the quill in conmbination with means such as a recess, 10
r.t ied on the quill so that when (fhe

houl o : ) e |ike, . _
i 11 SEp 20 e 8Bk EnetE et HEh ERGoamaS VAPOR ARatauTe T bolBnd

d of f_t I f - fluid to the injector. driy hani d
gnd S 9 U5 000! ol RONGL HASL! BaRE Al eLg 0 LS dEcionten 2

f L i i - cext.err i {. ' I t_its,full
Tengt AP35 SreaiBo b e iR L OPER EH s ILEG, Phohielies J 0

r ot at 8ha2@Q gHAlAda Podyr &5 i 4 EhgH' d.20Q g0 (e, forned
with a substgant lally squaréhéfc?s}g@eic{]i girllg\l;{vi tgg’e;r_]alto%rgi ?826235& &31% rib 75a
f omegual 16aahe Qf PEppabi €8 teslfg%'tey%ﬁ'amitﬁl theSPTpe 1 £H! 8bobR SRHn ol NE

convex sem -circular surface o e ribs has a radius substantially equal
to theOPadithe oftdthiosaty sURPEY 60 Al F8eeRsRA,llthe 2Pgt 5B CHYQ iCZH lve
5

mechani sm 80 has gripper blocks 81lc which are adapted to grip these
roundstastedaags iof desheed| hand pheoriniecesi! itsibidu@tedheo 10wk quill

body. The chain drive nechani sm 80 grips opposite sem circular ribs on
t he gthel teddyngrs ditl may abkedies ireita ¢ heoqUblke thatie Wpwal deabidgwpyar d. as
desired. Longitudi nal novenent of the quill may be imted by any 5
sui t apdéingamddidsiandbr pobrpbaiofedipe wnbill phendipwrat ihdedepth is o
10 reached before rotation of the tubing is beguﬁ. '\J
It ié sometimes desirable to pump treating fluids such as
water, oil or other fluid, down the coil tubing as it is being
rotated and/or méved up or down in the well. For this
operation, a swivel such as swivel 400 is connected to the
15 upper end of the pipe 110 as seen in  Figure 10A, or it can be
connected direct;y to the upper end of the coil tubing if
necbssary,.via connector 100. The swivel 400 may be supported .
by the hoist 63 and cable 64. - The swivel 400 has a fluid hose
410 connected either to its side or to its upper end, depeﬁding S
.ZOIIupon the desigdfof the swivel. The other end of the hose 410
is connected to a source of pressurized treating fluid (not
shown), for instance, é.pump-so that fluids may be forced into s
the well through the coil tubing. The swivel allows the pipe

connected thereto to be rotated while the swivel is suspended

25 non-rotatably above the pipe in the conventional manner.



ends of the strokes. One of the preferred ways of limiting such novenent |
utilizes limt valves as shown schematically in Figures 11-12 and will nowdJ
be explained. The quill body 75 is provided with at | east one pair of 10
opposed | ongi tudi nal sem -circul ar g& 75a which termnate short of the
upper end of the body, and the upper d of each of these ribs is inclined
i nwar dly, angingeatie/ quilDrBodyCcas isr bfcdiditeddléngthpgthlee coder end
of a recess 75c. At. least one of the ribs 75a is provided with a recess
75d,. antubingt 15105 arel griper DI/ dean abeamoved age tife ainjéctorRoatys a’ Hew
obV|oust I s spaced bel ow recess 75c. A pair of cam actuated, spring

r et ur nefleetweaphsistirwke & Wik tvayahi bt nowkede dotbivaardl Wi br Eheomnwatmﬁ he
coil tubing injector 60 so that their camfollowers or rollers 452 and 462
20 arepesyhioabia he Hompsotenrisceeadhkedan@nthe, simsherlyyveliy. camudearhen
the quill body 75 noves down sufficiently far, the camfollower 452 wll
move Soukovatoupwassis Wil lank $ heppermostapos i45Emiin tee shinfectiopby iist s
spring 454 fromits fluid passing position (shown) to its fluid blocking
posi ti onegdabed25 PriefarablyVthesel uppeSOoandudaventKsinites pafsthe qiftllui d,
It shuts off supply of power fluid to the power nmeans 82 and - 20-

_t her ef caeet Aetenmimed byt Ms ni $oiknsesnspsuRdwimrbinbbewahveof the
qui Il body 75. \WWen the quill body noves up again, the cam surface 75b
will erf@dRsahavisg sodler M%W@n%snsﬁaeﬁ Witdyithe \@xterion wadd to

Its passing, 5 positiaqn (shown 3 Thus downwar d novenent of the quill is
arrestéﬂ bg ghgpg;&gln combination with means such as a recess,

10 shoulder, finger, cam, or the like, carried on the quill so
that when the quill reaches its upper or lower limit, the limit
valve means will respond and shut off the supply of éower fiuid
to the injector drive mechanism and thus arrest movement of the
quill.

15 The quill body 75 may be formed of a tube having a pair of

external opposed ribs extending aimost its full length and with

means on at least one 6f'its ends for attachment to the rotator

200. Quill body 75 is shown in Flgures 11, 18 and 20 to be

formed w1th a substantially square cross-sect1on with a long1-

20 tudinal rib 75a formed at each corner which is substantially
semi-circular in section. The convex semi-circular surface of
the ribs has a radius substantially equal to the radius of the
coil ﬁubing 50 and the pipe 110, and the chain drive mechanism
-80 has grippei”blocks 8lc which are adapted to gfip-these-

25 rounded surfaces of either the pipe or the coil tubing or the



off the hydraulic drive neans 82 -of the injector before the quill bunps

bottom This avoids needl ess and, perhaps, damaging inpacts. 10  In a
. &i.m‘lar manner, when the quill body 75 noves up sufficiently far, cam
tPol ler 462 will engage recess 75d, and linmt valve 460 will be shifted by

its spring 464 fromits fluid passilgg position (shown) to its fluid '

bl ocﬁmp%dfon FRQ! i) dr Y6ENmeahun 460 86Ugr Dhbackphd nassag et

fl ui 15 it shuts off supply of power fluid to the chain drive nechani sm

80 agitdWI£r expbai bad tdy GIDPF OB I SMAHRIENE &bleheoquidve bey. WWhen
the quill body noves down again, camsurface 75e w || engage and depress
cam @il Y Bedy aspgwatrdl cxhiddwiveavé 460dkaikrdd. its flui d passing position
(shown). 20 Referring nowto Figure 12, it will be seen howthe limt
val ves 43@regidt ddOnadnmooiendret foHweheeguuirlilzexhhydeallimd tpavdry famyd 't o

t he power nmeans 82 of the injector 60. In Figure 12, hydraulic notor 470
whB cisuig ablmrmeansy haspdedoreaaxp daingdeh tovevyeid hpovndiimairatyethe . .
mechani sm 80 is 25 supplied power fluid through power fluid branches 472
and #neis ofitheistEpkes ar OnorPbctbe Peefanr bt vrY870fadd Midnt#dl neans
(not shown) which in turn is conpected to a power fluid source (not_ shown)
such s®¢hy ngyement HydlddAsst Mt vVIhEeSo s AhQwWot SShEemArL licd keding .

Lo RSB ATHE PEONUIA LoDt PEuAXPLE 10881 cd. Botn Iim t valves 450
| and. 460 Fre thuoil\fligéfilyuiﬁ %asssxipgvided_ with at lcast one pair of
10 opposed longitudinal semi-circular ribs 75a which terminate
short of the upper end of the body, and the upper end of each
of these ribs is inclined inwardly and upwardly to form a cam
surface 7Sb-and;forming the lower end of a recess 75c. At
least one of the ribs 75a is provided with a recess 75d, and
15 this recess provides a cam surface as at 75e. Recess 754
- obviously is spaced below recesé 75c7
- A pair of cam actuated, spring returned, two-position,
two-way limit valves 450 and 460 are mounted on the coil tubing §
injector 60 so that their cam followers or rollers 452 and 462 _\‘J
20 are éngaggable by the cam surfaces 75b and 75e, respectively.
Thus whgn the guill body 75 moves down sufficiently far, the
cam_f§llower 452.wi11 move out into recess 75c.and the limit : -
vaive 450 will be shifted by its spring 454 from its fluid
passing'posiﬁion_ﬁshown}_to_its_fluid blocking position (not.
25 shown). When valve 450 thus bIocks.the passage of fluid, it

~ shuts off supply of power fluid to the power means 82 and



position as they under st andabl y woul d be when the quill is in an

i nternmedi ate position, as shown in Figure 11. 10 Downwar d movement . of .
t he. quill occurs when power fluid is directed through the circuit 476, 472 4i
in a counter-clockwi se direction as s@@+ in Figure 12. Power fluid wll
pass through conduit 472 and through linit valve 450 to power the notor
470. Spgphepeferef bihed cha iox st e dueebanimm 8 7and hsbagls SROWHREMAt 476
and limt valve 46% as wel | as through by@mfs condui.t (477 .and check. val ve.
478 bacl®YeReRk PhothenandHll nevéher e oHY bidr PRSY OS5 ¥P
val ve 450 enters .recess 75c. of t;ghqg g&e limt vaI e_ 450 shifts fromits
paSS|ngﬁQP*?s bhecRRRg spsdaGe dhone PREARS X n%?p53§§ & fFBlgh

limt va 450 ther can ui d pass_thrqugh bypass
conduit & ?@cgggeaghegﬁié zﬁﬂyﬁ}VF ﬁggfgq?ﬁv??ogFFn PEfF éﬁrection
Mot or 47Q)|s thHs gh %gd .and downward nmovenent of the quill is quickly
arresPeé’ %ﬁﬁ ﬂ indi ng. 25 Limt valve 460 remai ns open as

shown. © 4322 d;§9nagvaemtofagm9etu4'o£0 VSl e T Sverae el EOLhRL o LR!

|sé to cause I ower f U|dfI
476, 472, i .
Cenautt oA G ﬁ?ﬁ%?ﬁlﬁr Gos” e ant o205, Wi PESEL) atfﬁrr%“ € om

ot 4 472 | 450 t t
mot or exhaugﬂ@g? Wiebmd 72 it %aga h@etdﬁvetaé%g%?é rﬁ%psg's i me

cl osed, cannot pass t oug ver ypass
valveAMKLJQQ{AQMﬁHBaEthugh'bypass conduit 473" and'through check val ve
N\ L o _ . _ o
10 In a similar manner, when the quill body 75 moves up

sufficiently far, cam roller 462 will engage recess 75d, and
;imit valve 460 will be shifted by its spring 464 from its
‘fluid péssing position (shown).to its fluid blocking position'
(not shown). When valve 460 thus blocks the passage of fluid,
15 it shuts off supply of power fluid to_thetchain drive mechanism .
80 as before explained and stops upward movement of the quiil
body. When the quill'bOdy'movgs down again, cam surface 75e
will engage and depress cam roller 462 and will shift valve 460

%’ Dback to its fiuid passing position (shown).

- 20 - Referring now to Figure 12, it will be seen how the limit
valves 450 and 460 contro; the flow pressurized hydraulic power
fluid to the power means 82 of the injector 60.

In Pigure 12, hydraulic motor 470 which is a part of the
power means 82 which powers the chain drive mechanism 80 is

25 gsupplied power fluid through power fluid branches 472 and 476



474. Thus, notor 470 can be operated in this reverse direction 10 to drive
the quill upward. As the quill noves upward, cam surface 75b thereon wl|
shlf&21|n1t val ve 450 back to fluid passing position (shown). Wen quill 75
approaches the limt of its upward_travel, camfollower 462 of limt valve
460 enters recess 75d of the 15 qU?FF and this causes limt valve 46Q.to
- shift to its fluid blocking position to shut off supply of power fluideto

Mot Oy 68 arlicdoriléPeedPPREdeERY HBYEr 76 h&ndUEbhtTOIC hdWE! (bt d can
nei t her -pass through val ve 460 nor through bypass check valve 478. 20

Moveghewn)f whichiuin | tusnt D8Nchbanectad o re ﬁéﬁéﬂgflh‘idd'ddiﬁtdé’n( Ab6tthe
power fluid. Thus, power fluid is directed through circuit 472, 476 in a

_counaabwal)oeki&tsemila_es:hieabaa hetdaaulidenp{ | UTHepeoatrdihr(@wh conduit
472 and the now open limt valve 450 to notor 470. Exhaust fluid from notor
25 dH6wpisdes udedugh ¢bndott péwerafd ipasitesughoshe kiificduiwal472 460 by

" passing through bypass conduit 477 and through check 44 -23- valve 478..
AsS s436 i quiselettédisdiveetiidowton dauge ccheaquillf soemove afp tde quil |
wi Il engage camroller 462 of limt valve 460 and will cause valve 460 to
shi fdown,| as desined{ | uid passing position. 5  Thus, the circuitry of
Figure 12 can be used to control the upward and domnmard travel of the
qui | | anBotd Limit NRkves 48P andeddP ars showstinnflRidi passingiit neans

is also provided to |limt |ongitudina
position as they understandably would be when the quill 1s in

an intermediate pos1tion, as-shown in Pigure 11. _ _ FJ
10 'Downward movemeni of the quill occurs when power f£luid is
directed through the circuit 476, 472 in a counter-clockwise
direction as seen in Figure 12. Power fluid w;ll pass through
conduit 472 and through limit valve 450 to power the motor
470. Spent power £luid is exhausted from motor 470 through
15 conduit 476 and limit valve 460 as well as through bypass '
conduit 477 and check valve 478'backito_tank (not shown).
When, howeve;, cam follower 452 of limit valve 450 enters
recess 75c.of the quill, limit valve 450 shifts from its R
_ passing to its blocking position and power.fluid cannot pass |
20 through limit valve 450 to motor 470. Neither can power fluid -
pass through bypass conduit 473 because check valve 474 will
not allow flow in that direction. Motor 470 is thus starved,
and downward movement of the quill is quickly arrested. but
without pounding. |

25 ‘Limit valve 460 remains open as shown.



nmovenent of the quil]l by the chain drive nmechanismof the coil 10 tubing
Injector. It is readlly seen that the union 210 or the rotator 200 cannot - =
enter the upper end of the injector. Thus there is no chance that the quill,
coul d nove down too far in the injector or be dropped through it. 15 43
- Further, the l|ower end of the quill 1&dy 75 extends through the stroke.
limt &ate /6. This plate 76 is seen in Figure - 13.- It i's fornmed in two
hal vess®76a ThFa%de Thesguidd Ha wmave ofet ke revecseidtoeatiphat ¢hetyi ng
a square opening 76¢ through its center and a plurality of.bolt holes 76d
circum 180 & SAYSE | It shacRevenarwsie PRuer| £3 widnigrdirestadl s aigh
t he pl ate ar e plﬁfqe ggout t he UI|| body so that the quill body is

he

proper | §1554H fnint Aef %W&?We‘%l Brethort-ed "t<vﬂtheflnjiécttbl'3rbel ow
h h h Fi 1

The qu. PReBsE, BRI SO SR malh £ IR b  7H 400 &R aohOF 8 700wer
d f. | 24- 77’ d -

oo el I ExRRBt TR s Ok Sl f?r‘jm“?}gﬁ“?faﬁdg sPnilled 720 BRE chape

Of a Grgyheek 1GHade,Jpr&) 458P1s T %:HLS% %blégtdr UG Hlad 0E E?B?rﬁ end

of the quill body since It nust be attac ‘I ower- end ©

r ot at or c2Q8ot tyssﬁwlkb hljtit the ylmke My part
of the ‘(E;‘raylooc uni on -!\% . Thlfs cgrtrﬁe quﬁ:l yﬂa cou‘fadi‘t% £50 ég

synmet r £Telinigt hm@dgwmbpadenbbﬁahnouwtﬁﬁ@ thtoh@uﬁ dfedlonga1desecond
recess |ike recess 75d nust be provided _
474. Thus, motor 470 can be operated in this reverse direction

\¥;o to drive the quill upward.
As the quill moves upward, cam surface 75b thereon will
shift limit valve 450 back to fluid passing position (shown).
When quill 75 approaches the limit of its upward travel;
cam follower 462 of limit valve 460 enters recess 75d of the
15 qull, and this causes limit valve 460 to shift to its flu1d
blocking position to shut of f supply of power fluid to motor
470.- ,This stops upward movement of the quill since power fluid
can neithgr pass through valve 460 nor throdgh bypass check
s Qalve_478.
20 - Movement of the quill is then reversed by reversing the
direction of the power fluid. Thus, power fluid is ditected’
: through circuit 472,.476 in a counter-clockwise direction as
before. Power fluid passes through conduit 472 and the now
open limit valve 450 to motor 470. Exhaust fiuid from motor

25 _470 passes through conduit 476 and bypasses'closéd'limit'vaive

460 by_passing-through'bypass conduit 477 and through check



-~10 so that Ilimt valve 460 wll be effective to limt downward
~travel of the quill if and when the quill body is inverted. The hub or

f ﬁnge177-being | arger than the square opening 76¢c of the stroke limt
.plate 76 cannot pass 15 therethrough. Thus, the quill body can be lifted
only until flange 77 engages the s€Boke linit plate 76. Since the quill

body nust pass between the opposed drive chains_8la and 81b of the charn

dri v&adsthahi8m 8Bsa®@all e Anblii dPaMas RAVRENAPNEs@ diidithke i SRR ted
oppo S Ae e L8s of nEhe ik brvhih $RSRHRI AR FoL1as #84 )of ShUBREL tho
1 o 22 s FECRRY HADT7Foun VAMPELRED B (L F b EPoAE® SPTtraFal 772
vody TR pddtind BES M. 07C 6. cci ves the sauare section of ihe

aus! | Dok | htﬂe,sHigitc):(r)&g;;ff;%’of "Biglrdon12 carpdl 8hEq7 RN ddnPiSY Chhe

rotation ‘the qui | ative™to the injector and the we he pl ate.

76 TRpWAG A (80w e a7 dAKh OBENLAE ARG M OLBN1k e aREi ng the
qui I I'"b , I'n whi'ch-case the plate 5 would not prevent relative rotat.ion
of theatdl lidch sdchU@irection. B S
| Positive limit means is also provided to limi£ 1ongitudina1
movement of the quill by the chain drive mechanism of the cbil \)

10 tubing injector.
| It is readily seen that-thé union 210 or the rotator 200
cannot énter_the'upper end of the injector. Thus there is no
chance that the quill could move down too far in thé injector
- Or be dropped.thtough it. |

15 ' Further, the lower end of the quill body 75 extends through.
the stroke limit plate 76. This plate 76 is seen in Figure
13. - It is formed in two halves, 76a and 76b. These two halves
together form a circular plate having a square opening 76c
throﬁgh its center and a'plurality of bolt holes 764 circum-

20 ferentially spaced thereabout near its rim. The two halves of
the plate are placed about thé quill body so that the quill
body is properly oriented therein, then the halveé are bolted
to the injector below the chain drive mechanism 80 thereof as
.seen in Fiéures 1 and 9.

;25 . The quill body is formed with an external flange 77 at’

least on its lower end, and preferably a like or similar flange



case, other means nust be provided to prevent such relative rotation. Such

anti-rotation neans nmay be provided in the formof a split plate sim'-_lg to.

the plate 76 but bolted to the housing 82a of the
t e _ power nmeans 82 at the
upper end of the 10 injector as will be explained later in connect ion wi th
Figures 15-20.. Because the coil tubing 50 does not have great col um
Ztrenq%%, it is easily bent under a col 0A#~1 odd such as when the chain
LI ve Techanism E@% of v & thEEJ_re%tnfar £9 @eplies ;& 1bs goeovpre feriaild crae
thereto to push the coil I ng thr ough t he bl owout . pr even% er Ai,a%pdo(jﬂpto
the wel | 20. forrm heuchi Flaagen@s sthd I8P o ed ENTR e %upSo%, itow
Egﬁrgeczﬂgeb$§?ﬁ?grmﬁr%EanFHEyHMhﬂﬂrD@géspbeihﬂdwowmqﬂeoéntéﬁ.umﬁ%I
. lure o e . I hg.and .may resu LN 2 . e
Nat ural'ly, tﬁéahl-%ef‘h?h@%% B %%s&r_"é‘,c)ét He- gllr“Eelgltt erb%t h%tﬁ-'%?ﬂétrgﬁ?"%up%%?t
Bgededd_t I05 av.qbd,_e&ugégbu@ﬂ i ageofrdteetani ROOubi nFhithi Bubatwiddl §dFpokhe can
readi |y provide y ui de tuybe.simlar h t ' % ent .
3,690, 136 neﬁ_trlae'ﬂé:ifl%a??figp. %&p i3 Irgrﬁe?h%ﬁg?gsgflatrtﬂiaﬁggntt:h%n,lé??el&@itde |
tobe may be hinderor Zloilar (Thushat shewnaudlli gledy 2, cguld e 9,‘“‘?‘& and

15B 4 7 -26- . e 11 J8+4ndLeat e l¢l4 t r i
78. The uppels@é“rllngkg#l?%% vé%‘lﬂéegaf’gﬁeggggi,ga{égltgsb&?x% @nt??ﬁp%?uggtzlhé
qui |1 body 73 sasiastera | $LFPR@r ESPSSS| t]-ékPO\ﬁ@Feé*Jrg_ %é SHIRE 1??%@{?1%1 a7 |

and is pygfer |%£Sh%5l-9'ur1€i%i't” Y45 RE9i t wemlt hee weefethéveui kb idimitthe

upper linit of i
downward travel of the quill if and when the quill body

~ is inverted. | L
The hub or flange 77 being larger than the square
opening 76c of the stroke limit plate 76 cannot pass
15 therethfough. Thus, the gquill body can be lifted only
~until flange 77 engages the stroke limit plate 76.
Since the quill body must pass betﬁeen the opposed
drive chains 8la and 81lb of the chain drive mechanism 80
and since the distance between these chains is - limited,
20 it may be preferable to form flats such as opposed flat
surface 77a on opposite si&es of the f;ange'or hub 77
(and nub 77' as well) so that the gquill body may be
inserted into the chain drive mechanism as desired. The
L/ .flats on the upper hub 77' are indicated by the reference
25 numeral 77a'.’ | -
The stroke limit plate 76 will not only limit upward
travel of the quill body 75, but since itS'square-hole'-
76c receives the sguare segtion of the quill body with a
éliding fit, the |
30

35



s stroke, several inches of the guide tube will still be telescoped into the
quill.éf“he guide tube 78 is, therefore, preferably provided with a flange
78, or the like, onits lower end so that it may be fastened to a suitable
structure such as 10 a platfornl(n9£5§homn) provi ded beneath the injector
50 or, preferably, to the stationary slips 44. The coil tubing 50 passes

- throyghatBe7guivill 17p vk Aher St €eohllE ithé eJﬁe_mr)%dtwqreeiamoe {BUSw

close lateral restraint is provided to |limt [ateral novenent of the coi

15 (e ngnjecpoevanid &kl wepland bendi ng thereof even when a full-length
. stroke is. taken. Thus far, this invention has been explained with respect
to FigureFhé- plaviel (6 sy’ 9@ ppeRhiaeds Wilh | SWesLAE dPeHIHY Ghesol!
tubing into a well and then rotating the coil tubing to 20 perform desired
oper ath pmsghofokolrecelive rap prlae uqus haWbddy capabivhieh kalde reia@tpngtehe

coil tubing and noving it longi- tudinally either concurrently or :

i nBepenteht gt paeyentt relooiive ubbhgtdamm xf | thver gdifidr teely d NtInt Sechel |
by addi ng one or nore joints of pipe to the upper end thereof to extend its,
25 |easgh ekberhmeansc muste be sproydAednite tPrevenkt. sutheselaivei ons are
made possi ple by use of a quill assenbly which 48 .

-27- FotPRs t ABChi getdrfationi BgaATd BayY PRapEaNidedy ithehe feror .

the d i L hbarbdie” RIB LR - Ao URPCRIGT S S o] Dod bemaa Hbeor |
0190000 PGSR 508 SAAE QU L QUL o) SR gy T 10 the
10 injector as will be explained later in connection with Figures ~
15-20.. o |
Because the coil tubing 50 does not have great column
strength, it is easilylbént'under a column load such as when
the_éhain drive mechanism 80 of the injector 60 abplies a
.'15_ downward axial force thereto to push the coil tubing through
the blowout preventer 34 and into the well 20. 1f the coil
tubing is not provided_adequaté support, it will buckle and
bend rather than moving througﬁ the blowout preventer. This
could cause failure of the'fubing and may result in'a
20 "blowout”. Naturally, the higher the well pressure,.the
greater the lateral support needed to avoid such buckling of
" the coil tubing. This lateral support can be readily_provided
'by a guide tube similar to that taught in U. S. Patent |
3,690,136 meﬁtioned earlier.

25 In the present invention, the'guide tube may be like or

similar to that shown in Figures 2, 3, 7, 8, 9, 10B and 15B



gripping nmeans. In the apparatus of Figures 1-14..the quill body 75 is - -
stored out of the way but kept at the ready by suspending it 10 bel ow the 4
injector 60 with thescoil’ tubing passing through its bore 75 . Wen it is
neéded, the injector drive chains are gnved apart and the quill body:is
lifted to a level there- between to B# ‘engaged t hereby, as before

D! 2L S 41 Fra D5 Bl AL 16y OF NP JEARS, o i s o

i nventi i W, A [ t Qe sy 1.0 t s Li " h aj [
“mechani ?%ef?l el o’é/v&]b%\? Fisqel \%é(ralégd ét%ﬂé?e?gt 3Ef fr%%%a%)éc?\}%& Tﬁggpn}’gétqorﬁgnd

qui Il Mgghames f!%dﬂ?%@dfa?ssa@)éhféﬁvd dent P eghire2@ . Ther €4 o1 wekheninj ect or
is again indicated generally by the reference nuneral 60. The quill - :
assenbl gxeemds Frun ttee gguill1batd 4% phefeoablyr s2furedl ihesgehpper 300
Is indicated generally by the nuneral 75" and is preferably kept assenbled
and g opeditdioti dthdthewheneeher qad.1 IThies, awheher epher thimP6 ofirivs chains
Bla and 81b are noved apart, the quill assenbly 75" lifted above the

i nj ect ost rake,t eEvertal sihonesedfbeheeeyuide - Rlbet d 1dr issei chabas. As
shown in Figure 18, the lower end of the quill is inserted into the

i nj ect otelancdoped -imtattve qeind .sudhesgwhdeabber di&itinn pherefodeis
assenbl ed t hereabout and secured to the notor cover 82a on upper end of the
“i nj ect opreferaid yplrnev Ddedewhyhf or fd@rige t W8 hakvahed il el SOnastshdawer
The anti-rotation plate 90 is simlar to stroke limting plate 76 in_that
it.\i/s f endedonithnta ey bpefps§ened tPraughisadple structure such as

10 a platform (not shown) provided beneath the injector 50 or,
preferably, to fhe stationary slips 44. .
| The coil tubing 50 passes through the quill 75 and the
guide tube 78 telescoped thereinto. Thus, close lateral
restraint is provided to limit lateral movement of the coil
- 15  tubing to prevent buckling and bendiﬁg thereof_even when a
fgll-;ength'stroke is taken.

-Thus far, this invention has been éxplained_with_respect to
Figures 1-14 which shqw an apparatus for lowering a length of
coil tubing into a welL and theﬁ rotating the coil tubing to
20 perform desired opefations downhole. The éppraths shown is

capable of both rotating the coil tubing and moving it longi-
: tudinally.gither concurrently Qr_independently. Also, the coil
| tubing can be lowered further into the well by adding one or
 more joints of pipe to the upper end thereof to extend its
25 1ength:and_thus_increase its reach into the well. These

operations are made possible by use of a quill assembly which



- is's

qui- |
wil |
grip
pl at
afte

plit into halves as shown. The square opening 93 receives the square
| body 75. Since the plate 90 is secured to the 10 housing 82a, it

not permt the quill to rotate in the injector as the rotator 200 and

per4®00 grip and rotate the pLpg-110. In addition, the stroke limt
e 76 is renoved below the injector and reassenbl ed about the quil |l
r the lower end of the quill is noved downward past the plate's hgr

nor muposnign thet inshieh epiblpkubd N and rbsi gygalgeadke Pvsthevel y
limt upward novement stroke of the quill in the injector. The quill and
i nj edtbie@f@rshefhee &Rl kb operhes 95 ipFine Bepngi fof iPPing theyi || be

75" 1ifted=abové'the~inject0r,-and then it is lowered between

noted that the injector and quill operate to acconplish the same thing in
the guime neRnepidhéthdmaheaardithej grippdmeeans dife HAAREY fr om above
or frombelow. If the quill is lifted into the injector from below, there
nust AR aBd thge @il sprackhdbt hBen aid i tiplEnBr o080 PARe tFaN 2Be
stationary slips 44_in_which the guill body 75 can hang qut of the way
un®i IRy, trreuady A %fh’dlbr\"gbéf* tagmAubEL 15 3¢ ?a@rﬁs‘ﬂ ¥51Phe
qui ll_until the ill is lifted and i,ts upper._ end projects well above the
nj cQBrEnent BREEPRer ERNET (FothE 48 BTTG Ie0 bEOFORGREE I8 o HRe
I nj ector fron1agov% when needed, the quill body 75, rotator 200, and - :
grip af<pd 5 .preassenbl ed and set aside until needed, then
i nstal | edr,as.falq| 'g%i s COpE; SAYESt 1M 4 2N L e§s 1 §1R2%E th the
I nj ector ﬁ?l? %eghgg e_fﬁifggeréﬁces? éafety, savﬁnéiai%Eﬁaﬁgﬂ?ngsnnney, .
and e epae Wl kndl GIAF bybebpt bR 1138 tedf§ by suspending it W
10 below the injector 60 with the c¢i1 tubing passing through its
bore 75'. When it is needed, the injector drive chains are
moved apart and the quill body is lifted to a level there-
between to be engaged thereby, as before'expléinéd. After
this.'the'rotétor and the gripping means are attached atop the
15 quill body. |
In Figures 15A and 15B, a modified form of the invention is
shown in which the quill is not lifted into the chain drive
mechanism from below but is lowered théreinto from above. The T
_ Nt
injector and quill mechanism in both cases may be identical.
20 Tﬁerefore, the injector is again indicated generally by the
reference numeral 60. The quill assembly comprising the quill
- body 75, the rotator 200 and the gripper 300 is ihdicatea
generally by the numeral 75" and is preferably kept assembled
and stored outside the injector 60. Then, when ready, the
.25 drive chains 8la and 81b are moved apart, the quill assembly



quill-into the injector from above or from below 10 The injector 60 is4§
shown in part in Figures 16-20. The injector 60 is shown in Figures 16 and..
17 with coil tubing iFn its grip. Injector 60 includes the chain drive i
mechani sm 80 whi-ch includes a pair ofﬁgadless drive chains 8la and 81b*

e

spaced apart and arranged as shown. T pair of drive chains 15 8la and 81b

) d . h. ive .
52 havi NaS RV LAEY ARTHRERRT 8 louddCXRT) Bt b R RE FR"°

. i i and. : . h i Th
engage tagégﬁ'g%.qm%ﬁgiéﬁleES §HQpQHi§;€§%; ngogﬁkqgfgﬁéﬁggg fédnsihe

drive sp ets are ven by notors wn) which are ‘under the

20 covergieg. a‘éh%rfgiéﬁf%éétﬂ:ﬂbgflgt%“b@' 9 Qééémﬁ&%‘éﬂc{ﬂé’f%%évﬁéoééghs

72a and 72b which are spaced we ow t he drive sprockets as

of the dzb¥arelaitrs tHé wooBlbobarPBRw ¢ Whpdr 9ehBPE e ken Pdetyhich
are adapted to conformto and frictionally engage and grip the coil tubing

50, pipetRe Hlateordqwdindofyrddd in tho Hhlvepadl ahdpresy esheaAs 73a
and 73b are nounted within endl ess chains 8la and 81b, respectively, and
are carrTed antdil-evtatpiors platantdo74s whimdH anr tomstmbde flarmit imgeplate.
hori zontal novenment in slots 74c and 74d of side plates 79a and 5 79b
permttihg thetdlaxi nt tics bBormmeddwiphr b Suffd e evpbyihg aheme theough | &ntlo
be placed therebetween as before explained. Wthin each of the drive chains
8la and Bsbspdisn iatdi duslves | @s shawWn.81'Thehi squpassepemrineh®PI teeceives
respective pressure beam 73a_or_73b and passes around upper and | ower
sprocketthedsquare quill body 75. Since the plate 90 is secured to the
AN
10 housing 82a, it will not permit the quill to rotate in the
injector as the rotator 200 and gripper 300 grip and rotate the
pipe 110. . In addition, the stroke. limit plate 76 is removed
below the injector and reassembled about the quill after the
‘lower end of the quill is moved downward past the plate's
15 normal position after which the plate'76 is re-installed to
positively limit upward movement stroke of the guill in the
injector.
The quill and injector are then ready to operate as before
explained.

20 It will be noted that the injector and quill operate to
accomplish the same thing in the same manner whether the quill
is inserted into the injector from above or from below. If the

. quill is lifted into the injector from below, there must be
provided adequate space between_the injector 60'and.the.

25 stationary slips 44 in which the quill body 75 can hang out of

the way until needed. The rotator and gripper cannot be



© .10, and Bl e, respectively. It is readily seen that when the pressure beans
-are nmoved toward each other, the drive chains 8la and 81b will be pressed
&bai nst any coil twbing, pipe, or the quill which happens- to be
t herebetween. The roller chain 81" _is squeezed between the 15 pressure
beam and the drive chain and its™@ ers reduce the friction and perpmt

ILES %ﬁtﬁé&gﬁé‘%‘éﬁ%‘fﬁ e gf;%&b 5% H P8 EReFeR)anfhiARe gtibet The

' . 7 sQls - : ' '
hgﬁ‘i’%ﬂés%ﬁ%% e R o R e R B e
chai rae "SRR AR e FoukPel SRER Y UEFLESE EDE SBovh wited' T

chai Hegew;t Qg’ﬁ)%{dﬂi %éafubssa%hg'tlo\e hga Zopha! gf%?fger 300 &cpdrive

- chain a or s moved toward and away fromthe™c ~tubing 50 as seen
o n_g F%%Héés-éﬁbb)édf% bt ChsYab! uReW1beiRRdd ] PERen Al Rath 1%L £y iseS 86a

an b is nounted for horizontal 5 novenent, each having an opening in .

eachyRitit SThR®S Hifld Ridvd4einassand Nedidspdee NBbRSatA &Havis 86a, and
pin 74b passes through the holes in clevis 86b so that the clevis and the

pr esinf@corMwild By cnéeded er PrefelretlcR s, SHH6€H, AaBaVRRgENT Ui fle Si de »
of the pressure beam and chains as shown. Cevis 10 86a has its outer end

80d &N VRbheyGOANE Icshiéniérce Nnwel 1edd ctfa i rvtteche 2dk BS i alled tStttie SCrew
87 which is threaded into a .
quill into the injector from above or from-below. o )
10 The injector 60 is shown in part in Figures 16-20. The
injector 60 is shown in Figures 16 and 17 with coil tubing.in
its grip. injector“so includes the chain drive mechanism 80
- which inéluges a pair of endless drive chains 8la and 81b
spaced apart and arranged as shown. The pair of drive chains
15 81a and 81b are movable toward and away from each other. They
are driven by power means 82 having a housing 82a and a'pair of
driﬁé spréckets 82b and 82c which engage the drive chains and
are supported by the housing or cover 82a. The drive‘Sprodkets
are driven by motors (not shown) which are housed under the
20 cover 82a. The drive chains 8la and 81b also pass around idler
sprockets 72a and 72b which are spaced well below the drive
sprdckets'as'shown. Each of the drive chains 8la and 81b is
provided with gripper_blocks'81c7which_are adaptea'to_édnform ' .
to and friétionally.engage and gfip'thé'coil tubing 50, pipe

25 110, or quill body 75.

-



yoke  menber 87a having trunnions 87b at its opposite ends secured in

sui tabl e mated recesses 87c forned in the ends of side plates 79a and 79b
and end pieces 88a and 88b as shown. 15 The end pieces are secured to the
ends of the side plates by suitable pglts 88c. Threaded stop screw 87 i's
adjusted by turning it to operate its thread 87d to nove the screw in or
~out asxdesired. Suitable neans (not sh ) for locking the-screw 87 at the
adj ust & posh t PBAFaP '\Hé:lqs%ﬁﬁvrp%ﬁl'ﬂsngy‘;bé‘?{) ﬁ%v‘?ﬂgdmﬁé‘n&éﬁ MR R evi s

86b si ni| has. ar. ' ' h he_ends _thereof, .and with

oin 740 PHLLIRE CRBAERn Ao FHEL EPapRS et b PAsSEPe BEIhTBD wi I
toget hey . .. The .out d f clevis 86b | . d of

i ston 85 orevkanBARK, iea and nf? w1 R Ark hodaf I EEE MAREIC O )

a yoke %Zﬁ'idml.esui ﬁiog;'élﬁlbmlﬁi wﬁ,.y%t§794anq{1fggw _priwa'eag;iag?,st 7qa3%.3éd

opposite ends receive n aligned recesses med . in the. en he si

blates %, %r.g?ptqaq thel RhaT)s PLGCBE BERANGARD: AREr1BISRLAY WY eces

are s ace Dby bolts 88c in the manner before explained
respect gf10 Wwkené7guill to bEGH IWEEQULLE reYetWain 895 | Se foFBaL&H 1Wined.

hydraulic fluid pressure introduced thereinto in the usual manner to extend

and retract ywi{ehPhskaeh8%E thdePivé0BHARYSS §1he LhEV8FHE6R And dritfless

pressure beam 73b toward the left as seen in Figure 17. The beam 73b forces
the dri @ xlhed ncRidbni 810 GHilciipadsdst AeolBdcqits trdspgecbDvenpralssuguishes

the coil tubing, drive chain 8la, pressure beam 73a and clevis 86a to the
l eft untbdamst DPp@edrby 3ndjamsd igrgs ses eaw 8dndFuwpiphar ¥ ehewe rob pricstkart 8314
°a ;ﬁi and 8le, respectively. - ' |
' It is readily seen that when the pressute'beams are moved
toward each other, the drive chains 8la and 81b will be pressed
. against any coil tubing, pipe, or the qujll which happens to be
therebetween. The roller chain 8l' is squeezed between the
15 DPressure beam, and’ the drive chain and its rollers reduce the.
friction and permit the drive sprockets'BZb_tc drive the drive
chains with reduced horsepower éhd'energy to move the coil-

tubing, pipe, or quill up and/or down.

The lower idler sprockets 72a and 72b are preferably

20 carried on swingable housings 72c¢ and 724 which can be moved by

tightening or loosening adjusting nuts 72e and 72f to increase

) or decrease tension in the drive chains. The lower sprockets

8le serﬁe to maintain their respective roller chain 77 with its
rollers substantially horizontal.

25
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the coil tubing 50 to be squeezed between the gripper blocks 8lc of drive
chains 8la and 81b and thus be firmy gripped. 15 The drive chains may
"then_he set in nmotion to apply an upward or downward force to the coil
tubiDgto nove it into or out of the well as desired. Retracting the
wpi ston 89a will -1 oosen the grip ef3l-he drive chains on the coil tubinpg when

desired il Yo £0a! BRath iliee 416 16! Glvaln NIvEER LG dlatp £hgpee 20

and pressure beans re expl airned. To release e corl ) from

the gl it ﬁqﬁgnsgr' eég%§1 | S Rydr he, Fluid p Mre ds,
redirectg%ﬁtohﬁhe plston?§ylin eﬁnggﬁ%g %gtagtt tﬁ%g%ggt%ﬁ§§%%qﬁh$%hn%%ves
the pbdlbsatdhdd evis 86b, pressure beam 73b, drive chain 81b, and 25
roller chain 81" to their rightnost position. |If the quill is to be used,

the adj uat ipad FEEVEBdviseirded MK . 86801 kNpeinted%or i zont s
- 33- doi ngbﬁi will pull the left-hand cl e\17i S 86an, epres?sﬁrléogéazr%nYtSaa]f rol | er

chali foStmentNd idWengang k2 dped iy rihebhedslo oSt d i PAgs Wedl thejgrive
~chains 8la and 81b at their maxi num separatiaon, the quill body 75 can be =
pl acedat passiest Wieroagh5thel diod eaxpi i OBdvasd 8&a ,Seai | pifit JUbepalssand 19.

- After placing the quill between the drive chains, the adjusting screw 87 is
‘adj ushedugh dd rtenlles pnoviley iz EhGhirgogthptofthehalisvie ahdi rhwechani sm *
on the coil tubing, pipe, or the quill when the drive chains are again
act upres8sugegtigan n{3ponpveotogether . ThEachi £lliers shams séswa rouatd tires _
apparatus and nethods illustrated and described hereinabove fulfill all of
t he @Bfest §ida qhrihe cRFPyFsuF e hepmppnd cdhpréns s howaen SAeMiS hat tRg

i{gﬂgggdhggHiJgﬂgdghgnéggt%Bd swivelly connected to the inner end
of threaded adjustable stop screw 87 which is threaded into a
yoke member 87a having trunnions 87b at its opposite ends
secured in sditable mated recesses 87c formed in the ends of
side plates 79a and 79b and énd pieces 88a and 88b as shown.

15 The end pieces are secured to the ends of the side platéS'by
suitable bolts 88c. Threaded stop screw 87 is édjusted by -
turning it to operate its thread 87d to move the screw in or
out as desired. Suitable means (not shown) for locking the
screw 87 at the adjusted position are well known and may be

20 provided as desireé,

Clevis 86b similarly has arams 86¢c with openings through the
ends thereof and with pin 74b passing therethrough so that
clevis 86b:and p:eﬁsure beam 73b will move together. The outer
end 804 of clevis 86b is secured to the end of piston'é9a of

25 hydraulic cylinder 89. Cylinder 89 is secured in place by a

yoke B87a’ which is much like yoke 87a and has trunnions at its



60, the quill 75, the gripper 300, the rotator 200, and 15 connector 100
(either 1GCa.or I"OCb) find.utility in running a length of coil tubing into

a wel'l and then rotating the coil tubing while it is in the well to perforn1 53
desi red operations downhol e, such as dr|II|ng out obstructions, for

exanpl e, .sand bridges, or the |ike. 1as been shown t hat JOInted pi pe can’

20 be ad&%ﬁ to the upper end of the c “tubing to increase its reach into

t he mellogpésnhataﬂd;(xn¢eiubdngnna}1Ehuntbyebes$vstmmrmqﬂwwmdthﬁtenﬁhe

wel |l and may even be rotated while it is being |owered. Further, it has

been shoRf Ehet sddquinlatrs BRanapdoVidbecnéhi th the sadpinicses r88a pasdt i on

surroundi ng -t he 25 pi pe or coil tubing, that the quill is formed wth at
| east onBBPai PNE thRRRE tNd oRbPEaE] ﬁa‘lel yie@(‘%’é‘h@l hg PlaseoPY thokks BBsr in
-34- surface and th&ga ese ribs, si éﬁbthe si ze and shape of the coi
tubi ng ahB®plRpEReT, {Rﬁﬁﬂ?%ﬁ 1afgef, rePHFEpteN TS Wahe quill

b E’Sizﬁv vy U Sﬁgérréﬁnafsﬁ'ra'?%%?hggu Yy i L i
and_ col IPERRPRE oAb AT é”éﬁﬁeéaas Y ?%ﬁ@???'leg%ﬁ@ 1% SotapaR
ther ot hr SEBRSCKRAES .&lsp%he.%%"'"T“%Z?“t gk ?—'%SS“L% At Fefoend
e 1 g iy PSSO, Tl EE RS O WA, L

Ope*at'0@5e”®$aﬂ?1¥5‘?Qﬁbé@npﬂétégxbﬁ HHHH@QSQB'hnleHﬂhﬂdEE)ﬁhMﬁ|£he
through use of a coil tubing injector, with much saving in time and noney

SiNC@y coil tubing 50 and also pushes the coil tubing, drive chain
éla, ptessuré'beam 73a and clevis 86a to the left until'stopped
by adjusting screw 57} Further movement of piston 8%a causes
tﬁe coil tubing 50 to be squeezed between the gripper blocks
8lc of drive chains Bla and 81b and thus be firmly gripped.

15 The dfive chains méy then be set in motivn to apply an upward
or downward force to the coil tubing to move it into or out of
th; well as desired. Retracting the piston 893 will loosen the

\_  9grip of the drive chains on the coil tubing when desired.
Roller chains 81' reduce the ffiction between the drive chains
20 and pressure beams as beforé explained. |
To release the coil tubing 50 from the.grip of the chain
drive mechanism, hydraulic fluid pressure is redirected té the
piston/cylinder 89 to retract the piston 8%a whiéh moves the
right hand clevis 86b, pressure beam 73b, drive chain 81b, and
25 roiier chain 81° to'gheit rightmost position. If the quili.is

to be.uséd} the adjusting screw 81 is backed out, and in so



.15 the coil tubing can be noved continuously, and then when the operating
depth is reached, a quill can be added to the upper end-of the.coil tubing
t0 make it possibl-e to rotate the tubing for performing those operations.
It Bds been shown that the disclosedfipparatus is provided with liniting
means for 20 automatically stopping the quill both at the upper end of~its

means for 20°aut oppi ng both at g its

by CoRNabE v i Eohdan Lt hE JaH chadon b i RReRedte Hethrrane | o
odtftifiRabt F I ‘on The qaPFT "4 bh The- i A the

7t TRAARE SRR ent LELSE ERTT iy REVERATY Adefadit DT °

limt ) whigh it ks i i . . { | L JAdd] 1] ly,

(1 haP Rl En T ety o JERGE IhELhE aul S p1bCa T KR LML PRy !

't p%SeSéab,.lmagﬁgngfy @ﬁgs-te,g.litfleg%g%m;ug%h[égqaafs%; nggg&e@meeatéx

servi Cl I'i'n | wel then rotating the

coid Gy é:@pgﬁér@a%%siarsedsggwgg' g.i%e?éif@saﬁacﬁﬂslqﬁééé}ng out

sand bridges or _obstructions, [ oper at 1 ons. erence shoul d,

be MagR i ' ¢ b KquPaicie ARLA Cohé 082 19G3 WAL A 8ﬁ30%21%m&hgfs&@gah
present specification. -36-".CLAI 1. .
Appar gusid G asLEal B8 GUdidddi 6@ pPbVidedl Isd@ire grip of the drive °
| .chain mechanism on the coil tubing, pipe, or tﬁe quill when the
drive chains are again actuated to gripping position.

10 Thus, it has been shown that the appuratus and methods
illustratéd and described hereinabove fuifill all.of the
objects set forth ecarly in this application.

It has been shown that the improved coilftubihg injecﬁor

60, the quill 75, the gripper 300, the rotator 200, and

‘15 connector 100_(either 100a or 100b) find utility in running a
length of coil tubing into a well and thén rotating the coil
tubing while it is in the well to perform desired operations
downhole, such as drilling out obstructions, for example, sand -
bridges, or the like. It has been shown that jointed pipe can ~

20 pe added to the upper end of-the coil tubing to increése its
reach into the well and that the coil tubing may thereby be
fﬁrther lowered into the well and may even be réta;ed while it
is being lowered. = Further, it has been shown that a quill has
been provided which can be placed in a position:surrounding the

25 pipe or coil tubing, that the quiil is formed with at leasﬁ one

pair of opposed longitudinally extending ribs on its exterior



perforning a downhol e operation which requires rotation thereof,
conprising: a. neans for injecting coil tubing into a well; 5 b.
quill .means for surroundi'ng said coil tubing and being movabl e
Iongltudlnally by said injecting neans; c. means for rel easably grlpplng
said coil tubing, said grlpplng nean53Qeing rotatably supported by said
qui l | ns_ and no e th ew t h; and, neans fQr rotating said
0 oot rFEARS SR EbEe: R ine  Sathat e, e ﬁ)‘p‘a‘?a?ﬂg a@egﬁdﬁ% the
ans for coil .tubing into

el Uil G 58 B el - e, AP REL ko ot TS, LIRS R s

otat ol JOrGes. 0P @i d...CeO'Ja); “BhE8 6% SIFIE A e cot1

Appar at 0s * Yaccof di 8 &t in hneCtng neans T

connect'%m@mgfﬁap&ﬂstt PhkNGuiAney ,-ﬂ&dsowpgsglqldxé DA flob8 ERLEN dde e

I ength ther Appartat us accordin I ncl udi ng

of pige 1. AMRACIEAN Eng OupahddC FHIRE WHTL FEAREaRY heaﬂlplﬂ?é §8feOt %@d CO"
tublﬁg for extendlngétﬁg | ength of said cﬁ?latugﬁng 5. Appgragus

accordi ngsoy Qi i Sufded st WnAa®ile Lk 25whE2BNRGHO IR NEnd S cailachast dg
said coil tubing by weld- ing. 6. . Apparatus according to Claim3, wherein
said coate enibdianERaslys equadckial faiumecao!, aadpldititigr @ouldbblearddiodyn

means havi ng neans at one of its 30 ends for attachment to a joint of pipe

and t hebyt hdre dfnjestendstheogudilly davwiey aoskdEtf ifcdrentelyei Yangeaboared of
said coil tubing in telescoping relation;
w therethrough, makes it possib;e to pass the couplings of the
10 joinfed pipe through the injector which could not otherwise
handle them since they are too large for the gripper pads. It
was also shown that certain downhole operations may be quickly
completed by running coil tubing into a well through use of a
coil tubing injector, with much saving in time and monéy since
15 the coil tubing can be moved continuously, and then when the
operating depth is reached, a quill can be added to the upper
end ~of the coil tubing to make it possible to rotate the tubing
for performing those operations. It has been shown that the.
disélosed apparatus is provided with limiting means for -
20 automatically stopping the quill both at the upper end of its
stroke and at the lower end thereof: that such limiting means
. is operated by coengageable limit means on the quill and on the
injector; that there is provided further limit means which come
into play should the automatic iimit means fail:; and that these
25 last limit means providé definite limits beyond which.it is

impossible for the quill to move. Additionally, it has been



35 58 | ' - ©-37- b. gripping neans in said-
" “hod or gripping said coil tubi ng and securi ng sai d connect or . means

thereto; c. seal nmeans for sealing between said connector neans and said
coil tubing; and 5 d. means in said body and neans on said coil
t ubi ng coengageable to prevent relatide rotational novenent

t her ePet e gyhowh | rhﬁ)p%@t Ufo%&@&ﬁ?é ?@ﬂsa: 1&5%@ aeediinG gdwd W}na)&QQr e_lanf sai d
~injecting neans urther “includes station or, rel gas

engagi g AR SR  FRy PRRCEORE ¢ ba? nrathads o Skt nad * haia R adae’
accordi ng dwpediently 7servichingi ngellly ntb)t ﬁmanalarim_;al@bnvl thband dm sai d
.|nject|ng neans, oen ge le to limt onglt%@lp novement = of s_.ald quill
rel a- i Ve aaugd T‘lﬁflgcttl'%"ga%%%s ttée a%‘a\'ﬁfsngac dF ﬁg 6™ ai m
8, wher ei n dtetsanefq edbwnhod eneaps rRs iposer sdchy agdrdnui 1rifiguidhtpr essur e and

said limt pe i mi v e ydraullc
fluid pr essur gﬁ%ﬂ)w %@? %po!ag@ égeégggrd&r %10,%{1&99 égglflgﬁg%u i'ng: a.

stop shoul der mBEferanesi shoaldl bpeaads Ko gtml(b Ki nPatagtpl ate neans

- having an apenWLR jidKs 4650890 ahla® sE TRIFL CBolh 37 RS { HAG=P PG

smal | - er than the d| mensi on of said quill rreans at said stop 25 shoul der
means, ﬂ&"pﬂ%‘% r{bfn'b%ta&eée&ﬁoﬁpeé%h 1P reans above said
“shoul der rreans and attachabl e tc



sai d |nject|ng neans ‘wher eby engagenent of said stop Shoufder—neanS"mrfh
said stroke liniting plate positively limts upward nov 57
nmeans relative to 30° said injection neans. 11. Appar i“gﬂ& uﬂg

any preceding claim wherein the coil tubing contains c for
preventing the flow of well fluids fromthe well through said coil tubing.~
35 ¥38- 12. Qill neans for use thfr%ﬁtxnl tubing injector to permt
rotation of g gihs'tubing or pipe about its Iongltudlnal axis

whi | e extendrmg — into . - a_ well conpr|3|ng - % elongate body
means having h- | onBPPRFARHE figsr LR IR BI04 06gh f s1bisgeiitiRy aavaldoifior
tubing or pi pﬁerﬁékﬁllﬁgd)é ha¥kifoR8 Pe&¥d©losUvhaed GARAP] Lo rBRRdon
gripped by said coil tubing.injector; b. gripping means rotatably supported
by said 10 eFBRESPE-bEAPPIESI% or rel easably grippi ng and hol di ng pi pe or
coi | tubing disposad mbanei rf;orari.dajécmﬁfg‘lscciﬂ[ t@bﬂhgngnﬁal d gelppi ng neans
relative té) sai-d el on at

ag alll acc %h g a
wherein sald el ongdte §35f ?ﬂeﬁuﬁf?ﬁ A%t S Hé%ﬁ?n@q mi t
val ve neans ohesagdmoaablﬁuﬂquMUq&mnaily(by|saidrema¢CUEngomganad|na

moverent of sai d qyil lneatfk £4r d¥blbaBaBAY G10i 591 Y AeH1E? 5113 LubIREE N

sai d
said gripping means being rotatably supported by said
quill means and movable therewith; and o
U 10 d. means for rotating said gripping means relative

to sa1d quill means.
2. Apparatus according to Clalm 1, whérein said means
for injecting coil tubing into the well includes means
engageable with said quill means for counteracting the
15 'rotational forces applied to said coil tubing to rotate
the same. | | -
3. Apparatus according to Claim 1 or 2, comprising
connecting means for connecting jointed pipe to the upper
end of the coil tubing to extend the length thereof.
20 4. Apparatﬁs according to Claim 3, including a length
'of pipe connectable to said connecting means at the upper
end_of said coil tubing for extending the length of'said _
O coil tubing. .
5. Apparatus according to Claim 3 or 4, wherein said
25 connector means is attached to said coil tubing by weld-
ing. | o .
6. Apparatus acdording to Claim 3, wherein said conn-
ecting means is a packoff overshot comprisiﬁg:
a. tubular body means having means at one of its
30 ends for attachment to a JOlnt of pipe and the other of
| its ends prov1d1ng an open socket for rece1v1ng an end of
sald coil tubing in telescoplng relation;

35



rot ator Ts powered by fturd pressure. 20 15. A nethod of servi ci ng a well,

- conprisi a Iength of coil tubing in the well through use
* of a coi Jmu@uwim !!um and b. rotating said length of‘coil tubi'ng to
perfgrm on in the well. 25 16. A nethod according to
d 6115 wherein said-length of coil -gghing is provided with an o~

"operatlonal tool at its lower end and a check val ve above sai d oper at@nal
tool. 17. A nmePhodIatBBLARng"R¥ ¥ eﬁr‘m 88igy 4@dY| FQTUJPRIPPRBI30S2+dir t her
step of &B‘illn@‘.uoi&hlgd ard®ergddur bhg sail cbubueagdromgaatwltrwéwtmhl le it is
bei ng rot at ed. 18 gethod ac%frd n%ﬁﬁ ai nE15 16 £ |Q§Igd|ng t he
additional step: Cof TP Lﬂ%ﬁ?%@ 1% d -dﬁﬁh g&lgeFEHQFﬁ %f %Qﬁ? fng
while it |mebasngnﬂomamﬂicdii d9bing; nehliod according to any of Cdains

15 to 3397d q}é ngh g%i‘ﬁ B%yf‘%q}é'ﬂé‘%x%%ﬁpéa‘iﬁ él%tlhlse%/f?lgilq the

coi | tﬁblng at- the su ace a ower as reac esir

depth in tneemlalgeaéai@ b.tcat tekeveata tepasdver trotdtd ander r@m‘demnt:he 5

| engt h of %keBng@@4 n the well to prepare the coil tubing for subsequent ,
-~ attachnent a length of pipe. 20. A nethod according to any of Cains
15 to 187-i ncIAE@Pﬁ@tt"rﬁe %1‘6‘6?¥€36ﬂal to SRy opregedingt i lt“he wWe¥eiibj ng

to length Eaﬁarelﬂjetﬁlng means further includes stationary slips
10 for releasably engaglng and support;ng_the coil tubing in
said well. _' _
8. Apparatus according to Claim '7, ‘including limit o
means on said quill and on said injecting means coengage-
able to limit iongitudinal movement of said Quill rela-
15 tive to Said injecting means.

' 9. Apparatus according to Claim 8, wherein the inject-
ing means is powered by hydraulie fluid pressure and said
limit means includes at least one limit valve operable by
nydraulic fluid pressure. |

20 10. Aooaratus according to Claim_B} including:

a. stoa shoulder means on said guill means;

b. stroke 1limiting plate means having an aperture
tnerethrough, the dimension of said aperture_beihg small-
er than the dimension of said guill means at said stop \;

25 . shoulder means, said plate being mountable about said
guill means above said shoulder means and attacnable tog
said injecting means, whereby engagement of said stop
shoulder means with said stroke limiting plate positively
limits upward movemeﬁt of said guill means_relative to

30 said injection means. |
11. Apparatus accordlng to any orecedlng claim, wherein
the coil tublng contains checx valve means for preventlng
the flow of well fluids from the well througn said coil
tubing. ' ' - ' - |

35



10 lowered into the well; and b. attaching to the upper‘éﬁﬂ'fﬁ'ér—Eaf_—é_~
connector for attachnment of a |length of pipe. 21.

Cl-aim 19 or 20, including the additional step of addl n ﬂﬂgﬂm ‘m[ﬂ“le to
t he upper 15 end of said |length of coil tubing to ex ngth*

t hereof. 22. A method according to Cla|n1é% I ncludi ng the addi-tional step

cof furtlher lowering said length of coi
said | eRgth ol2pi peuill atémmdefothaset ovits. aAcmtlhod;lanmg)rdihlj_gcttorant;b of

Clains 19 to cl itiQnal - - viQ e th
of pipe fron1§§ ﬁgng#%€%£00|l ?gbl 8 i hgg% ophb£§§§th3ggﬁﬁ1 e%g
| engt h of c0| Longhitmg ifnadm t leexivgel | wlﬁzﬂ,e Am&nﬂinmccdﬂmmg &o veailyl of
Cl ai s P %1_| udlng the additional steps of: a. placing an

ar

el ongat e tubu qU|I means about the 30 upper end portion_of said
| ength of Toil tublang,31%%9@tQU|qum3ﬁ§nﬁa\h4fg“§H| ﬁplﬁ@f‘%ﬁ%“ﬁ@lathﬁlﬂ%

supported t he'i:ﬁ@&etl?lrogﬁjkppﬂcﬂg tdea CPLhg t HRE 8JcKh t D t&Bii Bg0 PR i MBS
and 35 .. moving said |length of coil tubing |longifudinally -40 by

novi ng.- said DHGVHhaW%ﬂQnEﬂleﬁE%rlﬁF syrfage cagaflf) of being ‘gripped

by said coil tubing injector;
N b. gripping means rotatably supported by said
10 elongate body means for releasably gripping and holding
. pipe or coil tubing disposed therein; and
o c. means for rotating said gripping means relative
to said elongate body means. ' ' '
13. A quill according to Claim 12, wherein said elongate
15 body is formed with limit means for engaging limit valve
means on said coil tubing injector to 1limit relative
longitudinal movement of said quill. |
14. A gquill according to Claim 12 or 13, wherein said
rotator is powered bv fluid pressure.
20 15. A method of servicing a well, comprising:
- a. installing a length of coil tubing in- the well
through use of a coil tubing injector; and
b. rotating said length of coil tubing to perform a

\_/ downhole operation in the well. '

25 16. A method according to Claim 15, wherein said length:
of coil tubing is provided with an operational tool at
its lower end and a check valve above said operational
tool. : ' '
17. A method according to Claim 15 or 16, including the

30 further step of moving said 1length of coii tubing
longitudinally while it is being rotated. .

18. A method according to Claim 15, 16 or 17, including
' the additional step of circulating. fluid through said
length of coil tubing while it is being rotated. '

35i 19. A method ~accordin§"to any of Claims 15 to 18,

ing into the well through use of



' 4nl?£%9iﬂ_____~_ALﬂELh9d according to Caim 24, wherein said quill means
i ncl'tdes neans for rotating said gripping neans, 5 and said nethod-incl udes
" the f ‘“u[“‘ tating said length of coil tubi'ng by rotating said
g{ipp ﬁmuﬁuﬂ met hod according to Caim25, wherein said quill and
&l | ¢ twbing®injector are prOV|de§ with travel |o limting nmeaps for

said c
'-(f6n1t|ng t he | ongi tudi nal novenent of the quill relative to the coil 1ybing
i nj ector. Zacladidiothacadddagnad Git#p® 2&: wherein said tubular quill,
gri ppi ng nmeans, .an J+HB r be they are
t el escoped over a?hgs%&éﬂbg 8 e?ﬁ %u%%l?egﬂ[te )-L lheéc é\?EEr g
accor di ng tl@‘f@ral%Q@a%éﬁépheﬂhéhﬁu&ﬁ%ﬂ%|qqp’~'ﬁs %fhs?)‘é%d‘éﬁlbél éwdt he

drive chain m%f@m §'E‘ta%'?1(1ntgheaCQ!dm{é&cﬂg (32 r@methb%&h &he TdEOUEaé qui Il
and into the well. . nmet hod accordln Claim rein

upon di%se g'%g\ﬁ%htOSf %ieltﬁsml&fi qtR | Eher rgedd hé'-ochBFﬁPaF?vé'-hr?ecﬁﬁﬁ sm it

I's agai n suspaMLEdhesebet§tend0athapamaints dora |mxeg:&n I‘kgfcﬁibetubl ng into

a well, su tantlall as descrlb d wi t.h reference _shown in,
the draw né mEERRd |12 'E%e EQui AFY a9%¢ kﬁal %ﬁj ei?ér o
substantiaﬁhpkndrhgcth@edddnthonaﬁes&epe taf: or as shomn |n t he draw ngs.

gg A method of cﬁ%'i:\f.'n(z‘;' Nohe Acoll! |tube§)5tt8nti£A$Q/h Bﬁfg(}e dfécr'sbed' ¥
10  lowered into the well; and - _

b. attaching to the upper end thereof a connector )
for attachment of a length of pipe. - _ o’
21. A method according to Claim 19 or 20, including the
‘additional step of adding a length of pipe to the upper
15 end of said length of coil tubing to extend the leﬁgth
thereof. .
22. A method according to Claim 21, including the
additional step of further lowering said length of coil
tubing into the well through use of said length of pipe
20 attached thereto;
23. A method according to any of Claims 19 to 22,
‘including the additional steps of:
. a. removing the 1length of pipe from the length of
coil tubing;- and ';J
25 b. withdrawing the length of coil tubing from the
well, _ _ : ' : &
24. A method according to any of Claims 15 to 23,
including the additional steps of:
a. placing an elongate tubular quill means about the
30 upper end portion of said length of coil tubing, said
quill means having gripping means rotatably supported
thereon; _
b. gripping the <c¢oil tubing with said . gripping'
means; and .
35 : c. moving said length of coil tubing longitudinally
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by moving said gquill through use of ‘a coil tubing
injector. - ' ' |
25. A method according to Claim 24, wherein said gquill
means includes means for rotating said gripping means}
and said method includes the Further step of rotatinq
said length of coil tubing by rdtating said gripping

.means.
26. A method according to Claim 25, wherein said guill -

and said coil tubing injector are provided with travel
limiting means for limiting the longitudinal movement of
the quill relative to the coil tubing injector.

27. A method according to Claim 26, wherein said tubular

quill, gripping means, and rotating means are connected .

together before they are telescoped over the upper end of
the coil tubing. L ' o

28. A method according to Claim 26, wherein the tubular
quill is suspended below the drive chain mechanism. and

the coil tubing is run through the tubular guill and into

the well. .

29. A method according to Claim 28, wherein upon
disengagement of the tubular guill from the chain drive
mechanism, it is again suspended therebelow.

30. Apparatus for injecting coil tubing into a_ well,

in, the drawings. - o _ .
31. a _quill' for use with a coil tubing injector
substantially as.described with reference to, or as shown
in,.thé drawings. |

32. A method of servicing a .well, substantially as

described._

7,

-susbtantially as described with reference to, or as shown.7

i



