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DOWNHOLE CASIsNG AND TUBI NG JO NT LOCATI ON' The presEh?AREmiPon
general Ly relates to well |ogging apparatus and nore particularlypd$ a
method ‘and apparatus for detecting joints at adjacent sections of a jointed
tubul ar structure, such as a bore hole casing or production tubing, in a
subt erranean wel | . It is often necessary in a conpleted
subterranean well to precisely | ocate one or nore of the joints that join

t he various | ongitudinal sections of a jointed tubular structure, such as a
bore hol e casing or production tubing. This need arises, for exanple, when
It 1S necessary to precisely locate a tool such as a perforating gun, or
anot her downhol e structure such as a packer, within the jointed tubul ar
structure relative to a well structure previously installed therein, such
as a set of casing perforations. The tool to be set at a predeterm ned

| ocation within the tubular structure is typically lowered into the tubul ar
structure .on an el ongated positioning nenber such as a slick line or a

| ength of coil tubing, and

DOWNHOLE CASING AND TUBING JOINT LOCATION

The present invention generally relates to well
logging apparatus and more particularly to a method and
apparatus for detecting joints at adjacent sections of a
jointed tubular structure, such as a bore hole casing or
production tubing, in a subterranean well.

It is often necessary in a completed subterranean
well to precisely locate one or more of the joints that join
the various longitudinal sections of a jointed tubular
structure, such as a bore hole casing or production tubing.
This need arises, for example, when it is necessary to
precisely locate a tool such as a perforating gun, or
another downhole structure shéh as a packer, within the
jointed tubular structure relative to a well structure
previously installed therein, such as a set of casing
perforations. The tool to be set at a predetermined
location within the tubulér structure is typically lbwered
into the tubular structure on an elongated positioning
member such as a slick line or a length of coil tubing, and
the depth of the previously installed well structure may be
readily found on the previously recorded joint and tally log
for the well.

Given this readily available informatién, it would

seem at first glance to be a rather straightforward task to

simply lower




the depth of the previously installed well structure may be readily found
on_ the ﬁreviously recorded joint and tally log for the well.

G ven this readily available information, it would seemat first glance to
be a rather straightforward task to sinpjy | ower '

2 the tool into the tubular structure until the | owered depth odoneter
‘readi ng f ehet Al ongabedhpoiibddngsteibetrgasnedlal the olbhereddideyitdd
joint log and tally depth for the previously installed well structure plus
(or m nusocdemekerczsadiny bey the elmsgatesd qidssistiah st musnkizat ween eguelt ool
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to the consitder abidicttest (risft theg edndgbablly pdspthodong thenrzeviously
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conductive Wre
substantial tool 1lowering depths, this approach 1is often

characterized by an unacceptably low degree of tool positioning
accuracy. Specifically, the odometer reading is not identical
to the actual lowered depth of the tool.

For years the drilling and well services have employed
various correlative joint loggihg'-techniques to. indirectly
overcome these tool positioning inaccuracies. One such technique
entails the lowering of an electronic joint sensor into the
jointed tubular structure on an electrically conductive wireline
to detect a spaced series of joints in the general vicinity of
the desired tool positioning location, and determine the lengths
between the adjacent pairs of‘ﬁbints using the joint-to-joint
odometer readingsf

Using the fact that the joint-tb-joint lengths in a jointed.
tubular structure such as a bore hole casing or production tubing
tend to be detectably nonuniform, the series of determined joint-
to-joint lengths are "matched" to an identical series of joint-
to-joint lengths on the previously recorded joint and tally log
to idenﬁify precisely which series of jbints have been detécted.
Using this correlated logging information, a precise

correspondence between the odometer readings and the actual



to detect a.spaced series of joints in the general vicinity of the desired
tool positioning |ocation, and determ ne the |lengths between the adjacent
pairs of joints using the joint-to-joint odoneter readings. Usi ng
the fact that .the joint-to-joint lengths3in a jointed tubular structure
such as a bore hole casgﬁg or production tubing, tend to be detectably
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correspongg]{%its&o 3 {desidied Laglsgtting depth and the tool may then be

| owered tg thi: nmeter reading wth its precise positioning assured.
During this joifriRI¢HIe REPRENBLIiRS JredRirY, $@NE0E §8int OsEhdsEi nal |y

noved, on the electrically conductive wireline, through the general

tubul ar sticig i RIMCI IR} tnovedd,| Brerdsd dlectrically conductive wireline,
through the general tubular structure vicinity of interest it
electromagnetically detects mass changes in the tubular structure
indicative of the joints therein. Upon detecting a joint the
sensor responsively generates an electrical signal pulse which
is appropriately amplified and transmitted to the surface through
the wireline. These electrical signal pulses are transmitted to
and imprinted on an appropriate single pin strip chart recordér
side-by-side with. the corresponding lowered depth odometer
readings. In addition to the post-completion correlative logging
operations described above, wireline joint logging may also be
used in initial logging procedures to establish, for example, the
joint and tally log itself.

While wireline logging operations of this type are quite
accurate, they also tend to be undesirably expensive,
particularly in subsequent correlation logging operations for
tool setting purposes, due to wireliﬁe footage charges and the
crew and surface equipment typically required to carry out the
wireline logging operations.

Heretofore the use of slick line (such as monofilament steel
cable) in downhole tool setting procedures requiring correlative

logging, although potentially less expensive than its wireline



el ectromagnetical ly detects mass changes in the tubular structure

i ndi cative of the joints therein. Upon detecting a joint the sensor
responsi vely generates an el ectrical signal pulse which is appropriately
anplified and transmtted to the surface 4 hrough the wireline. These

el ectrical signal pulses are transmtted to and inprinted on an
appropri at eoahtgkpaptn hasi pothdeen exorsdateresi derdytstalke becausdeof the
correspondi ng | owered depth odoneter readings. In addition to the
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tool in the tubular structure, conventional slick line tool

setting systems have not had the capability of also performing
the correlative logging functions necessary to precisely locate
the tool relative to previously installed equipment in the
jointed tubular structure.

In addition to electronic joint detectors of the type
described above, various mechanical joint detectors have also
been proposed. These types of detectors are typically provided
with radially biased finger structures that resiliently enter the
interior recesses of "cavity" type joints and provide detectable
weight variations on the weight indicator at the surface when the
finger structures snap into ‘the joint recesses as the joint
sensor is longitudinally moved through the tubular structure.
The weight indicator variations constitute mechanical joint
detection signals which may be used in the location of tools
within a jointed tubular structure.

While mechanical joint detection apparatus of this general
type does not require the transmission of electrical signals to
the surface, and thus avoid the attendant expense of an
electrically conductive 'wireline, it also has a decidedly

undesirable limitation in that it can only detect joints of the



4 counterpart, has not been considered practical because of the inability
to accurately correlate the |location of the tool connected to the slick
-line with the location of previously installed well structures. St at ed

i n anot her manner, while various sophisticated and relatively expensive
equi pnent may be wused in conjunction-with a slick line to conpensate for
line stretch inaccuracies and precisely determne the depth of the tool
in the tubular structure, conventional slick line tool setting systens
have not hadavhéychapebilily oinmpsdparsert ningie tart cof heshl i Wxepd oggi ng
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i nstall ed equi pnent in the jointed tubular structure. In addition to
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conventional joint detection apparatus and methods.

According to the present invention, there is.
provided a method of determining the depth of a changed mass
section of a jointed tubular structure in a subterranean
well, such as a well bore casing or production tubing,
without the necessity of transmitting electrical signals
upwardly to the surface through an electrically conductive
wire line member, said method comprising the steps of:
vertically moving a detection structure, on an elongated
positioning member, through the tubular structure and
through the changed mass section therein whose depth is to
be determined; causing the moving detection structure to
automatically generate an electrical signal as it moves
through the changed mass section; wusing the generated
electrical signal to cause atﬁbrtion of the moving detection
structure to momentarily and detectably change the tension
in said elongated positioning member; detecting the
momentary tension change in said elongated positiohing
member; and utilizing the detected momentary positioning
member tension change to determine the depth of the changed
mass section of the jointed tubular structure.

The invention also provides a detection structure
movable through a downhole tubular structure, such as a well
bore casing or production tubing in a subterranean well, on
an end of an elongated positioning member extending into the
tubular structure, for detecting the location of a changed

mass portion of the tubular structure such as a joint



VWi | e nechani cal joint detection apparatus of this general type does not
require.the transm ssion of electrical signals to the surface, and thus

avoi d the attendant expense of an electrically conductive wreline, it
also has a decidedly wundesirable limtation in that it can only detect
joints of the - 6 - - 5- cavity type. It

cannot be used to detect "flush" type joints since joints of this type do
not have interior recesses for the nechanical joint detector finger
structures tbesgdp.i sadd detection Fipwetwreefoempdl ainegit Thnsbemeaddi|ly
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to the surface through an e ectrlcaFFy conguctlve Wre +|ne nenﬁer, said
met hod conpribsings tind ispddyeoprf et feunrhglappepjtbonerbcth®nserfe@ture, on

an el ongat edn@Sield @AisRg pERHash, oFheREdRubleatubbtastgtéUct ure and through
t he changed mass section therein whose be determ ned; causing

depth. is t
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monentarily an det’ecta y change the tension
for detecting joints, or other changed mass sections of a
jointed tubular structure (either increased or decreased
mass sections therein), such as a bore hole casing or
production tubing, in a subterranean well. Using the
apparatus, joints of either the cavity or flush type may be
detected without the necessity of using an electrical
conductor line to lower the apparatus into the jointed
tubular structure.

From a broad standpoint the apparatus comprises a
mass change detection structure, movable through a well bore
jointed tubular structure (for example, a wéll bore casing
or production tubing) on an én& of an elongated positioning
member, such as for example a slick line, a braided metal
cable, or a length of coil tubing, and operable to detect
the locations of a spaced series of joints or other changed

mass sections of the tubular structure. The




I n said el ongated positioning nmenber; detecting the nonentary tension
change i,n said el ongated positioning nenber; and utilizing the detected
nonent ary positioning nenber tension change to determ ne the depth of the
changed mass section of the jointed_ttgbul ar structure. The

I nvention al so provides a detection structure novable through a downhol e
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portion of the tubular structure such as a join

-6-  thegeiflcrsabdpdaLest hen ist HUChiRd WHYh&H NgowdtdBy Seadswheardepsi ng
t he changed nass portion as said detection structure noves therethrough,
and respopriryedN GHer dubojasn stAcituwal onut pheé siphrdateahdpsedondnimgns,
responsive to the generation of said electrical output signal, for
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posi ti on of th8esendedmeansgedraspenpbyei okoof thae gaparakierruefur each
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The tension changes may be either increases or decreases in the
tension in the elongated positioning member.

Representatively, the second means may be either a
mechanical or electromagnetic drag mechanism that cooperates with
the interior surface of the tubular structure, in response to the
generation of each electrical output signal, to momentarily
create a detectable tension cha};g';a in the elongated positioning
member. This momentary tension change may be either positive oxr
negative depending on the wvertical direction the detection
structure is being moved during the generation of each electrical
output signal.

Alternatively, the second means may be a pyrotechnic or
compressed gas device c.arried by the detection structure and
operative, in response to the generation of each electrical
ouﬁput signal, to momentarily accelerate the vertically moving

detection structure (either upwardly or downwardly as desired)



menber, such as for exanple a slick line, a braided netal cable, or a

| ength qf coil tubing, and operable to detect the |ocations of a spaced
series of joints or other changed mass sections of the tubular structure.
The -7- detection structure includes
first neans for sensi ng each changed - ng@ss tubul ar structure portion

t hrough which the detection structure passes as it is noved either
upwardly or downwardly through the tubular structure on the el ongated
positioni ngtorremfbarte and mespansc¥El yegened a¢hagg @niel ecd re‘ Tl g Dtk put

si gnal . nd neans e nsi- o.th eperarion o
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det ecti on smaa@tppetuoncoép@hateuhnlhrtheruubmtar structure in a manner
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detectabl e tension changes In the e EOS|t|on|ng menber which are
i ndi cative 6&f&nAdsdéhiRyEs ﬁbelgiehsatsﬁ Pﬁél bﬁ%éﬂg|%%?%%§e%a%rtﬂ%%reases

in tubul ar %Herd@lttldrngiﬂi&&S beTbelh@ﬁSt@a.chaﬂgesadmyeb@hej&h@f | igE€aSes or
decreases in n the el ongated positionin
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eIectronagneuectdnagldsch&mmadlbhatheobpesatnSamsthrephesemtetimelsurface
of the tUbU| 1&% %magget?§p8nﬁ§ BQ &ans, and the detection
structure utilizes the output of the electromagnetic sensing
means to responsively operate the second means to generate
mechanical joint detection signals in the elongated
positioning member which may be correlated to lowered length
odometer readings at the surface to determine the depth of
the joints being logged. Since the joints are
electromagnetically sensed, the operation of mass change
detection structure is independent of the internal
configuration of the joints or other changed mass sections
of the tubular structure.

In the detection structures of the invention, the
first means is preferably operative to electromagnetically
sense the changed tubular structure mass portion, the said
first meané preferably includipg an electromagnetic coil
structure. The second means{pfeferably includes a drag
structure having a motion inhibiting portion movable between
a retracted position in wh1ch sa1d motlon inhibiting portion
is spaced apart from the inner 51de surface of the tubular
structure, and an extended position in which said motion
inhibiting portion is in sliding frictional contact with the
inner side surface of the tubular structure, and méans.
responsive to the generation of said electrical output
signal, for momentarily moving said motion inhibiting
portion from one of said retracted and extended positions to
the other of said retracted and extended positions. In
this arrangement, the drag structure preferably has a hollow

housing extending along an axis and having a lower



generation of each electrical output signal, to nonentarily create a
detectabl e tension change in the elongated positioning nenber. This
nonentary tension change may be either positive or negative depending on
the vertical direction the detection structure is being noved during the
generation of each electrical output 9 gnal. Al ternatively, the
second neans nay be a pyrotechnic or conpressed gas device carried by the
detection structure and operative, in response to the generation of each
el ectrical POUtIRR ©ifhad , CHFYRifeRndrialy vacPacedard wrid Wt Oifc #1% Snovi ng
detection sixaed i £ 404 tHed mgviayndlih A idQWRWaod tY oaS pleTFierad)l y
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position in which said drag pads are in sliding frictional
" engagement with the inner side surface of the tubular
structure, and the means for momentarily moving said motion
inhibiting portion preferably include spring means for
resiliently biasing said drag arm members toward said
extended position, and solenoid means operable in response
to said electrical output signal to releasably hold said
drag arm members in said retracted position.
In another embodiment of detection structure of
the invention, the second means include a drag structure
having a hollow housing extending along an axis and having a
circumferentially spaced plurality of slots therein; and a
plurality of elongated drag arm members with upper end
portions extending inwardly éhfough said slots and being
pivotally secured within said hollow housing, and lower end
portions having electromagnetic drag pad members thereon,
said drag arm members being pivotable relative to said
hollow housing between said retracted position in which said
electromagnetic drag pad members are spaced inwardly apart
from the inner side surface of the tubular structure, and
said extended position in which said drag pad members are in
sliding frictional contact with the inner side surface of
the tubula} structure;:; spring means for resiliently and
pivotally biasing said drag arm members toward said extended
position thereof, and electrical means, responsive to said

electrical output signal, for selectively magnetizing and



the joints being | ogged. Since the joints are el ectromagnetically sensed,

t he operation of mass change detection structure is independent of the
internal configuration of the joints or other changed mass sections of the
tubul ar structure. ' In the detection structures of the invention
the first neans is preferably operative +o el ectromagnetically sense the
changed tubul ar structure nmass portion, the said first nmeans preferably

i ncluding an el ectronagnetic coil structure. The second neans preferably

i ncl udes a deagsgsertictinge shadi ageat nonapnet hhi &F 28 npaponenber srovabl e
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spaced apart fromthe inner side surface of the tubular structure, and an
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frictional @entiaat iwhiibithag poecishdenslulass ofhdéheokUbbhaingt ructure,
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and | ower endsidilondheaeiofy hhdcelendkidadgmpafds secucseletbevety, said
drag arm nmenhers .hei.ng i_nwardl iyotable to.,said retracted position in
whi oh sai d G Stad o AR dennsRelirdRe apar PIUERILRE Phner side surface
of the tubuledrecstmarsanes icardalsgeprg semhardly pivotable to said extended
posi tion in which sai dfllsgdhadsair €nkl 13bbltagn’ hhGt benabrengaggyent with

the inner side surface of the tubular structure, an e means
nDnentari|qugﬁqﬁfqgg(jwﬁﬁqqﬁ§ embodiments thereof will now be

described, by way of example only, with reference to the
accompanying drawings, wherein:

FIGS. 1 and 2 are schematic illustrations of a
well bore tubular structure joint logging and tool location
method performed using a specially designed -
electromechanical joint logging structure embodying
principles of the present invention;

FIG. 3 is a schematic illustration of a strip
chart/joint and tally log co}félation technique used in
conjunction with the joint logging method;

FIG. 4 is an enlarged scale, partially elevational
schematic cross sectional view through an embodiment of
joint logging structure;

FIG. 5 is an enlarged scale partly schematic cross
sectional view through a lower end portion of a first
embodiment of the joint logging structure:

FIG. 6 is a simplified cross sectional view
through a first joint logging structure embodiment taken
along line 6-6 of Fig. 5;

FIG. 7 is an enlarged scale side edge elevational
view of a drag member used in the first embodiment of the

joint logging structure;



inhibiting portion preferably include spring nmeans for resiliently biasing.
said drag arm nmenbers toward sai d extended position, and sol enoid neans- '
operable in response to said electrical output signal to releasably hold
said drag arm nenbers in said retracted position. I n anot her
enbodi nent of detection structure of thg invention, the second neans

i nclude a drag structure having a holl ow housi ng extendi ng al ong an axi s
and having a circunferentially spaced plurality of slots therein; and a
plurality of elongategigrag agnm MEaPer $idd tdn dpbefoed Pidd | NSt RXtEnE Ng
inwardly through said slots and being pivotally secured within said holl ow
housi ng, anHePgﬁéﬁ end portions having el ectromagnetic drag pad nenbers

t hereon, said drag armigenBeis berhghpi ybdabd kevaet dnak tiewarfl tiod | ow
housi ng betg@gg ig5geretracted position in which said el ectronmagnetic drag
pad nmenbers ar spaceé’inmardly apart fromthe inner side surface of the
tubul ar structure, an&I§8i-dl8xiénaee pbevsivimikanhtehtkat oirr&be pa
menbers areaipy §hiidishaftel auikepahte0Rbacs H\ft@péPEti&E‘efo_ﬁ'Q?eSw{@@e of
the tubular structure; spring means for resiliently and pivotally biasing
said drag atfe®dfMBerssrushdrs shrHnekrehdi®d Hosition thereof, and el ectrical
means, responsive to ¥aicd eBegkraCphroUspUy §ugNEer-$OFt SEhEEt s¥iRdyatic
magneti zing a netiz%ng sai.d

d . . -.10 -
et brnaosile glsyatdenadnpipy. of a second| gmbadiBen s of PR Feadt S o

the inventi dogedaigd ssengrtaresans preferably conprises a drag structure
having motion inhibi tigigsPonihodahnehidipg gnhokhou bewpl ngrgxiending along
an axis and-having a circunferentially spaceﬁ pluralirty of radial slots
therein; a plentdlonal ofiessedokenngherrshdehg padondnbliereakei deith said

housi ng for 1radiialg @Q%%E&%&etQh@uﬁ@ﬁéﬁidaibﬁkslbﬁé“@@?l&e&f?ﬁigg and
ext ended positions, spring 5Eans for rQS|I|entI£ b|a5|n?_sa|d .
el ectromagneti c drag pa& -nembess 2t Bashialdxt aRatheposetrbaRed hirherating
el ectrical nHayes devatdlomaili waley wEgaelbEengeaddpderngnebfzanghsadd

plurality c”af%é%%Jégn%¥¥%€ QOQQQQgD%QrH% u?gsémbodiment; and
_ FIG. 16 is a partially quarter—-sectioned
schematic side elevational view of a lower end portion of a
fourth alternate joint logging structure embodiment.

Schematically illustrated in Figs. 1 and 2 is a




In order that the invention nmay be nore fully understood, various

enbodi ments thereof wll now be described, by way of exanple only, with
reference to the acconpanyi ng draw ngs,, wherein: FIGS. 1 and 2
are schematic illustrations of a wel [~ bofe tubular structure joint |ogging

and tool |ocation nethod perfornmed using a specially designed
el ect r ome¢lRaRkeahtheibe é@gtgéﬂgarﬁéa{srwequecsﬂméywﬁ 10 iikcwhier Hftubigar

present invention; FI G is a schematic illustration of a strip
chart/j ol phsang bekhythee coregteidonddwniaidne fiseml die Genithred isurfaideh
the joint |ogging nethod; FIG 4 is an enlarged scale, -partially
el evati onakd stidenaitexicyrmys lSems endone evoldirbeigh as ésbatistemaryf, jtdient

| oggi ng structure; - FIG 5 is an enlarged scale partly schematic
cross sectiasiag dizzwis hfoowd aftomeindivigerl i bangtha Pifr SubvdHesdicasingf
the joint |ogging structure; FIG 6 is_a sinplified cross

sect i onal mptewiedr edned erdstorendt by ogRPHRS sEPLEaTr #0ERABDdtdrent t aken
along line 6-6 of

Fig. 5; . . FIG.7 is an en] arged. scal e si de _edge
el evati onal vi E\Reof’rgs&F‘églﬂgﬁBEPﬁs%Wth?%eafsrﬁ%‘fl%;&cﬂer%‘rﬂneéf "'ﬂi@'ﬁ’%i nt
| oggi ng struct.ure; FIG 8.is a left side elevational
Vi g\g/]v 019 t HOIFLRY rifpagture 20 (seeFIG.q Jr)s g%‘f%ht”si%%“’%?% afpgﬁaltl\ﬂ ew
of the dr L Fl GS. 112 .are .\ im | ar that j.n _Fig.
4 and ill %s S eplal & r?atleen%&eé)@?fs%%lecr étl?‘gn zéo%wt%hg‘sjmé“ls%td Ittgjgéi%?i:geét e

truct inEig 4 igS (hd
struc uregg_{gi e gg.g%cleg n mber.%% tel'fe dhPark318S 2nPRrddAdY sc}lbésrsoqél(ﬁnrtr:elr% of

quar_te_r- S . ematl c .SI evational view o a secon
- the joint de@agiid@aSt Fet 458 in accurately Posilddning 2480816 SdRILLEHcal e

oS perforating gun 24 shown in FIG. 2, in the casing 12 relative to
a well structure (such as casing perforations) previéusly
installed therein.

The slick line 22 is stored in a conventional.surface slick
line unit 26. From the unit 26 the slick line 22 passes under
a lower pulley 28 connected in a force transmitting relationship -
to a load cell 30, over an upper pulley 32 mounted on a stanchion
structure 34, and is seéured at its lower end to the upper end
of the collar detection structure 20. A conventional single pen
strip chart recorder 34 and an odometer 36 are operatively
interconnected between the slick line unit 26 and the load cell
30 as schematically indicated in FIG. 1.

In performing the éollar iogging operation, the collar
detection structure 20 ié lowered on the slick line 22 into the
casing 12 to the general depth therein (as indicated on the
odometer 22) at which the tool 24 is to be subsequently located.
The slick line 22 is then reeled in at a relatively slow

controlled rate to move the collar detection structure 20



sectional views taken through the second alternate joint |ogging structure
enbodi nent along line 14-14 of Fig. 13; FIG 15 is a partially
guarter-sectioned schematic side eleyaf'onal view of a | ower end portion of

athird alternate joint |ogging structufe enbodi nent; and

FIG 16

Is a partially quarter-sectioned schematic side el evational view of a | ower

end porti
Schenmati ¢
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apwatdpy f past ha pretetatmimdnumegy of sasiaguceldaodoriets. 18

ally illustrated in Figs. 1 and 2 is a

¢poeseramplee semterllawgoimid) donpihea inggiom iof vimit@rest.ubul ar

ructure 12 extends downwardly fromthe earth's surface 14 and

y |in&8 & mamney|subsequently cdeseribPsd. t hBe GlilAF 19T §ofBEned

vidual 1 engths of tubular casing naterjal joined end-hoégnd by
S

ctafly

desi gned col]lar | ing structuyre 20 e FIG 1 ich is lowered i.nto
thelgcasiﬁ@iiﬁrﬁntgggéﬁgtWkégﬁsﬁFcWPWngifzRﬁﬁfqéé ngéﬂ ¥%SB%?%%tga its
redet erm.ned, nunber of _t.he collars 18, ... a nner. _su .
gescri bed?ef’ﬁ?ngseofﬁ‘n 2T ra?% yta}beosijcﬁl&rﬁrnsg g%t og‘lh,e,sugﬁﬂé%gﬁyr% 20 1s
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From t he

ehyB§eént SwtR' Be! BnBefB¥eBhLeR8L SET tRECCALEAK 1b| NendReby26.
unit™26 the slick Iine 22 passes under

mechanically creating detectable increases or "spikes" 38a in the
line 'pull line 38 being marked on the moving recorder strip 40
(see FIG. 3). The longitudinal movement velocity of the strip
40 is appropriately correlated to the upward velocity of the
collar detection structure 20 within the casing 12, and the
tension spikes 38a are aligned with corresponding odometer
readings on the odometer scale portion of the strip 40.

A representative six tension increase spikes 38a are
depicted on the chart recorder strip 40 shown in FIG. 3 and
correspond to six detected collar joints 18, the five slick line
distances 8;-S; being indicative of the slick line distances
between the vertically successive pairs of collar joints as may
be determined from the-odometer scale on the strip 40. 1In the
correlative collar logging procedure being discussed herein, a
matching set of collar-to-collar .distances S;-Ss is found on the
well’s previously recorded collar log and tally 42 to determine,
for example, that the collars located by the collar detection
structure 20 are collars 201 through 206 respectively located at

depths D;-D¢ in the well casing. This determination of the

exact collars logged by the collar detection structure 20 permits



a lower pulley 28 connected in a force transmtting relationship to a |oad
cell 30, ,over an upper pulley 32 nounted on a stanchion structure 34, and
is secured at its lower end to the uppe{aend of the collar detection
structure 20. A conventional single pen “sirip chart recorder 34 and an
odoneter 36 are operatively interconnected between the slick line unit 26

and the | qah Rldrat3} 8¢ crbasmidicaling wndi 26 ey kolb@rihg the oddmeter
perform ng the collar |ogging operation, the collar detection structure 20

i s | over edreidtps Ori thd SBEiB240 i ddvh teasiing kpike BBe genchelackywdh
therein (as indicated on the odoneter 22) at which the tool 24 is to be
subsequentdasimsaidegpthsThe, -8 ckol i aerP@e | att han cavteasion afagtoyl athakl y
slow controlled rate to nove the collar detection structure 20

- 13 - upecutatebytrelahesdsher sl beld hinhedasfetersinegddsm ip Fhematusl
(for exanple, ten collar joints) in the region of interest. In a
manner sub#ﬁﬁd@n¥¢ywhé§bré@%d?° Iar dategtinn jhAct e oas dpreR rlevered 20
el ectromagnetically detects each of the co]lars through ich it upwardly
passes. +MQ edI¥hs€38318 s12sensPhfehr Bath SORIRF r12?§c58rtheWhl°h

structure 20 B Sns L OMBLLCaA Yl PHANT oL LR A, MR ALY, T Ul MU' 4,09
collar detection structure 20 may be pulled out of the casing 12,
and replaced with the tool 24 (see FIG. 2) which may then be
lowered on the slick line 22 into the casing 12 to a lowered
slick line depth LSD (as indicated on the odometer 36) equal to
the desired tool depth as corrected by the previously determined
conversion factor.

Alternatively, as schematically-illustrated in dotted lines
in FIG. 1, the tool 24 may be lowered into the casing 12 on the
collar detection structure 20 and used without removing the
structure 20 from the casing. This method of utilizing the
detection structure 20 is seen to be preferable since both the
logging_operation and the subsé&ﬁent use of the tool 24 may be
carried out in a single trip down the casing 12. Additionally,
since the weight on the slick line 22 is the same in both the
logging operation and the subsequent use of the tool, the
positioning of the tool 24 will be even more precise.

Accoxrding to a key feature of the present invention, the
collar detection structure 20 frictionally creates detectable
slick line tension increases corresponding to the detected collar
locations, thereby eliminating the previous necessity of

transmitting an electrical detection signal upwardly through an



engagenment with the interior surface of the casing 12, thereby

mechani cal |y creating detectable increases or "spikes" 38a in the |ine
pull line 38 being marked on the noui pg recorder strip 40 (see FIG 3).
The | ongi tudi nal novenent velocity of the strip 40 is appropriately
correlated to the upward velocity of the <collar detection structure 20
within thedeastimgplly conduchévet eise extsgidkioy Jomitheakbdhad senbor to
correspondi ng odoneter readings on the odonmeter scale portion of the strip
40. the repréaeeat at i Thusi xthengieed | #r¥ cabe slpdtesi 38hine e Wigdpi ttd on
the chart recorder strip 40 shown in FIG,6 3 and _correspond to six_ detected
col | ar j Gitfiendegit [ Few pRE SYPERSE| neS i dHdiRced -S[ MPRPOYREr r #ShEl kY be

i ndi cati f th lick. line_distances .betweeg_.the vertically,successive
pairs of AT atiePREStinaE i MRAHATHGA) SPLSRTL AECBabHERF 1TRAIE B t he

SL1LP 40l R L Y b OBLBEh AP 09 PhOCEdlce P10 dhachsardh
arnd on SSRaEL o AV, crecabidsiLLacelof SRally 42l ne
struct ur &gl A ShilddleS cHRl HRbeWeRa286 FeaBRCELYE! ¥ohoadt $Qiﬂ£s.dept hs
Derr]-Dierr] in the well casing. This determnation o the exact
col l ars | oggecruphite now t8'FHEL @Gt ERA SO LEE e & iR BickScture 20 has
an elongated cylindrical configuration with, from top to bottom
along its length, a connection section 44 to which the lower end
of the slick line 22 may be secured; a control section 46; a
sensor section 48; a battery pack section 50; and a solenoid and
drag structure section 52. A.control and timing circuit 54 is
disposed in section 46, and a conventional electromagnetic mass
sensing structure 56, comprising a vertically spaced pair of
magnets 58,60 between which a coil 62 is connected, is disposed
within the section 48. Coil 62 is operatively connected to the
control section 46. Control section 46 is operatively connected
to a storage battery 64 which is!disposed in section 50 and is,
in turn, operatively connected to a solenoid structure 66
disposed within the section 52 above a drag structure 68 therein.
The solenoid structure 68 has a vertically reciprocable
plunger portion 68 with a tapered lower end 70. Lower plunger
end 70 is positioned above the upper ends of a diametrically
opposed pair of wvertically elongated drag arm members 72 which
are pivotally secured at their lower ends, as at 74, within the
bottom section 52. The drag arm members 72 are disposed at

vertically extending slots 76 in section 52 for pivotal movement
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readi ngs. on the strip 40 at each tension spi ke 38a to the actual

the operator of the slick line unit 26, by conparing the odoneter

depths Derr]-Derr], to arrive at a conversion factor that accurately
the slick |ine odoneter readi 8 To the actual depth to which the
collar detection structure has been lowered into the <casing 12. After
this conbeteseen thadtorsolivhildme celearssatpssftoiorsd cknl whickt theckiragas
ermned the collar detection structure 20 nay be pull ed out of the

rel at es

been det

casi ng 12membetsr epeapedinithedhwitboh Bhe( seetkbG. 52) whndchhedy dogitede
on the slick line 22 into the casing 12 to a lowered slick Iine

| ower ed

dept h LSDlins icagiiost angagemeatodoritdonss)ineqiluich othe hdragsmeriersol72

depth as
Al t er nat
t ool 24
structur
Thi s met

tool 24
Addi ti on
t he

corrected by the previously determ ned conversion factor.

i pErendaQuEwRERAY EBFPYIR | FRR($10%R % dotted lines in FIG 1,

casi ng

t he

be. | inta th ing 12 h |1 ar det et
o 30 aRiCRECHPR THELRT ARFEOR AEUCEPREL AP chaD T in e HEsk PRy,

0ggi g operarfi on € subsequent” use

gF?SlESrSP?LrBr it?:ﬂewv\;%%@%ﬁﬂ?%fe t &ége £¥8nt gﬁrﬁéﬁhgg, lghe. slickh

y, Since he slic Ine 22 1s the Sanme in bot
line 22 is pulled upwardly to move the detection structure 20

upwardly through the collars. As the sensor section 48 upwardly
"traverses each collar joint 18 the sensing structure 56
electromagnetically senses the increased casing mass created by
the collar and responsively outputs an electrical signal 78 to
the control sectioﬁ 46. In response to the creation of this
electrical output signal 78 the battery 64 momentarily energizes
the solenocid 66 and causes its plunger portion 68 to be
downwardly driven to its indicated dotted 1line position to
thereby cause the plunger bottom end portion 70 to forcibly
engage the upper ends of the drag arm members 72.

This momentary forcible enéégement of the upper drag member
ends by the bottom plunger end portion 72 pivots the drag arm
members 72 from their solid line positions to their dotted line
positions in which outer side portions of the drag arm members
forcibly engage the interior side surface of the casing 12,
thereby momentarily increasing the tension in the slick line 22
and creating one of the line pull spikes 38a on the recorder
strip 40 (see FIG. 3). The solenoid plunger 68 is then upwardly
retracted to permit the drag arm members 72 to pivot inwardly to

their solid line release positions, thereby causing the recorder

NfleOL LL! 1 2,00,4 G Jebecklan StNChULe 20 15 S QS oo of

pr ef er abl

he



| oggi ng operation and the subsequent use of the tool, the positioning of
the tool. 24 will be even nore precise. According to a key feature of
the present invention, the collar detgction structure 20 frictionally
creates detectable slick 1ine tension'increases corresponding to the
detected collar locations, thereby elimnating the previous necessity of
transm ttgBgipntehsgoni Tahedss eEH | oEtSgned Lpyasakbel 1rg dleghe BN

- 15 - el ectrically conductive wire extending fromthe collar sensor to
the surface. Afhtlke ddmsorakdtdonagsetpwardly!| trmversds idasch aefidadlycr ew
and expense, is elimnated. Mreover, as wll be seen, the creation of the
mechani cabucckkaivdeteellan giogm&l s1By to hdest Aoggede 20his mrogkgenddnt
on the geonetry of the sensed collars. Specifically, the collar detection
structur ememen%yrbéy dSicTepsiggnddie $hirk r diBgs&@rarion (k- Fopeated| by

oi nts. . Turning nowto FIG 4 coIIar gdetectio struct re 20 has
Jan el ongafgg+8y ST ngccﬁ'ﬁ‘%:g‘ﬁ‘lna?]\ﬂdﬁ Fﬁergilﬁﬂlﬁoﬁs'{eo %]t?r&ﬁﬁ aPéngSts

whi ch d | '
22 may’ borSBrapLd: BAVen T GERY | BEMaGeEeTe. i othte T ol BhrRughy o)
pack sect g0 80 anc ey ool o BB 509 51 vl R LROEE. i

and timng CIrcul
inwardly pivot to their retracted release positions.:

The schematically depicted control and timing circuit 54 is
of a conventional construction and operates in the same general
manner as the timing circuitry typically incorporated in
electromagnetic collar sensors used in conventional wireline
collar logging systems. Prior to the lowering of the collar
detection structure 20 into the casing 12 a time-down portion of
the circuit 54 is set to disable operation of the solenoid for
a predetermined time period. This prevents the drag arm members
72 from being driven into forcible frictional engagement with the
casing 12 each time the collar detection structure 20 passes
downwardly through a casing é:o'ilar on its way down to its
starting position within the casing. When the detection
structure 20 reaches such starting position (i.e., just below the
vertical series of collars to be logged) it is permitted to
remain motionless within the casing for the balance of this
initial preset time-down period.

A conventional pre-set still time detector and a motion
detector incorporated in the control section 46 cooperate to
prevent the drag structure from working until the detection

structure 20 has remained motionless for this time-down period.



di sposed in section 46, and a conventional electromagnetic nmass sensing
structure 56, conprising a vertically spaced. pair of nmagnets 58,60 between
which a coil 62 is connected, is disposed wthin the section 48. Coil 62
is operatively connected to the contT di® Section 46. Control section 46 is
operatively connected to a storage battery 64 which is disposed in section

50 and i |3 L P RSN Bhe WRIN AN B3Rt 063050+£P0E ti St HahHee §8ch
di sposedsrvaet kﬁln tﬁe rsy‘e)ction 52 above a drag stru%ture 68 therein. The

sol enoi d gh4#Ict £InfotoforhasE aheedeteakivnr eerpreaztl 20 Rkudgeecpedt whthbl
with a tapered | ower end 70. Lower plunger end 70 is positioned above the
upper endshdé aidiatielri addhlerdoeppogectizal r vhevestidadl-kymel ongatad diag
arm nmenbers 72 which are pivotally secured at their | ower ends, as at 74,
Wi thin t heutdat beaklbe tiemets2o Femo depgest himenbednly Nheare thesgetedt don
vertically extending slots 76 in section 52 for pivotal novenent

- 16 - beEvReEUXe &0 reprins| nofelonlers £ogoshe| biae -dewnmeriachwiddaghe
menbers are posjtioned within the section 52, and their dotted |ine ¢asing
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the SlOtstgg'drag structure is operative only for a preset armed period

during which the motion detection portion of the circuitry is
bypassed. After the armed period has expired the drag structure
Is automatically rendered inoperative, and to reset the arming
circuitry the detection structure must be pulled to the surface
and reset.

The detection structure 20 shown in FIG. 4 has been
representatively described as being operated by lowering it into
the casing 20, with its drag arm members 72 in their solid line
retracted positions, past the collar joints to be sensed, and
then raising the detection structure 20 upwardly through the
joints to be sensed to thereby cause the drag arm members 72 to
be forced outwardly to their doétéd line extended positions, in
response to each generation of the electrical signal 78, to
create the slick line tension increase spikes 38a shown in FIG.
3.

However, the detection structure 20 could be utilized in
several alternate manners if desired. For example, as
illustrated in FIG. 10, as the detection structure 20 is raised
through the collar joints 18 to be detected the drag arm members
72 could be maintained in their solid line extended positions in

which they slide against the inner side surface of the casing 12,



After the collar detection structure 20 has been |owered on the slick line
22 into, the casing 12 past the vertical series of <collars 18 to be | ogged
by the detection structure, the slickg LLine 22 is pulled upwardly to nove
the detection structure 20 upwardly through the collars. As the sensor
section 48 upwardly traverses each <collar joint 18 the sensing

Struct ur e hdebye! BedF BRP i Healden HRHIS 6 iR | SICi GASELh& 332 Ngey®ed €heat ed
by the collar "and responsively outputs an electrical signal 78 to the

control sgsidivh 4reatidd thepeifcby clidavetigtit icFnthe Bbtect brCstiwetupsat put
signal 78 the battery 64 nonentarily energizes the solenoid 66 and causes
Its plunges. pademn whént ohéesenimyarthuctimes &6 pasises upedardlpdthodagh

| ine position to thereby cause the plunger bottomend portion 70 to

forci bly exshyagé thihe uppklaenieintst I8 dard zespopsb¥edy7ZyeneratesThiss
monentary forcible engagenent of the upper drag nmenber. ends by the bottom
pl unger enkE@ori¢ah PutpptordgnRé dithg ghm sedeperisd RLlungay t A8 catpl be
line positions to thejr dotted_line positions in which quter side,gprtions

of the driabfesth Feemeltss UG BiPecRGE4E 1PRetPNEER| BPLEPdel 108 1RRE1BEORhe
i 1 th b tarily i i the t i i t Jick li 22
i S aringPurhty chRIERRALaF PaShERR. ol £ Hmatetn bk Mgl Fhobbdl 22
FIG 3). L j | .08 4 t . .y . t ted t it th
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positions, thepely GURINRAANCLEANOEn of the drag arm members 72

momentarily decreases the slick line tension until the sensing
structure 56 exits each collar 18 and the cessation of the
electrical signal 78 causes the solenocid plunger 68 to be driven
downwardly back to its solid line position to forcibly extend the
drag arm members 72 to their solid line positions and again
increase the slick line tension. The momentary slick 1line
tension decreases, indicative of the electromagnetic sensing of
the collars 18, would be indicated on the FIG. 3 moving recorder
strip. 40 és tension decrease spikes (not shown) projecting
leftwardly from the main portignfof the line pull line 38 in
place of the line tension increase spikes 38a.

In each of the two operating modes of the detection
structure 20 shown in FIGS. 4 and 10 the detection structure 20
is lowered through the collars 18 to be sensed and then pulled
upwardly through the collars to perform the actual collar
detection operation. However, if desired, the detection
structure 20 could also be used to detect the collars 18 as the
detection structure 20 passes downwardly through the collars 18.

For example, as illustrated in FIG. 11, as the detection



- 17 - strip tension line 38 to return to its baseline |evel. As the
sensor section 48 upwardly traverses each vertically successive collar
joint 18 to be logged, this process of nonentarily increasing the slick
line tension i's repeated by again ener#?%ing and qui ckly deenergizing the
solenoid 64 to forcibly pivot the drag arm menbers 72 outwardly through

the det eairhituild Bot Useldwshed ltbirdudh 6RE ¢dETRRENB tot bendévect edarkl y
pivot to their retracted rel ease positions. The schematically

depi ct ed @il G9m aefbere TP e Cuitizd liySmadhtainedvént thedt swiid rlicid on
and operates in the sane general manner as the timng circuitry typically
i ncor por aedrraatede mtitdimagnet iIn o sSpansee (rso0 resals arbrien teoTy egenexratiion:
wireline collar logging systenms. Prior to the |owering of the collar

det ect i orrfstthec edectZzdcpht ouEpet ckgnay T2 ,athprghdohhe pdrag Armmenkexs
circuit 54 is set to disable operation of_ the solenqid. for a predeterm ned
time peri’Gd.2ngh BopeRbARt byt gEteRdRS aftn FRebEr dot?eds Ldmep AT thMFerttt nt o
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way down]ER i&%is momentarily decreases the slick liné tension, with the
resulting tension decrease spikes on the moving recorder strip
40 indicating the depths of the sensed collars 18.

Alternatively, as illustrated in FIG. 12, as the detection
structure 20 is lowered through the collars 18 to be detected the
drag arm members 72 may be maintained in their solid line
extended positions in which they forcibly engage and slide along
the inner side surface of the casing 12, thereby decreasing the
slick line tension force below that created therein by the weight
of the detection structure 20. Upon each momentary generation
of the electrical output signal 78, the drag arm members 72 are
momentarily retracted to their dotted line positions, thereby
momentarily increasing the slickhiine tension. These momentary
slick line tension increases are reflected as recording strip
tension increase spikes similar to the spikes 38a shown in FIG.
3.

A lower end portion of an alternate embodiment 20a of the
previously described collar detection structure 20 is cross-
sectionally illustrated in FIG. 5 in a simplified, somewhat
schematic form. The collar detection structure 20a is identical
to the structure 20 with the exception that a modified drag

structure 80 is incorporated in its solenoid and drag structure



starting position wthin the casing. When the detection structure

20 reaches such starting position (i.e., just below the vertical series of
collars to be logged) it is permtted to remain notionless within the
casing for the balance of this initi-al2lpreset time-down period. A
conventional pre-set still tine detector and a notion detector

i ncor por ajeastiioh t $iza contthel meelitfiied 4fragpoperateure 8pr dwedudelse alrdwag
structure fromworking until the detection structure 20 has renai ned
not i onl esehdeldr 8Zhiwhichmbs deghwwipem tliree rotational positions in FIG. 5 - .

18 - The circuitry in the control section 46 operates in a manner such
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circuitry t etection structure nust d to t urface
clockwise direction.

Referring now to FIGS. 5-9, the drag wheel 82 has formed
thereon a circumferentially spaced series of radially outwardly
projecting points 84 including the reference point 84a which will
be subsequently used herein to describe the operation of the
modified drag structure 80. A cylindrical support shaft 86 is.
fixedly secured to and transversely extends centrally through the
drag wheel 80, and longitudinally extends ocutwardly beyond detent
and ratchet boss structures 88 and 90 fixedly secured on opposite
sides of the drag wheel 82. For purposes later described, the
boss 88 has a series of flat side surfaces 92 disposed around its
lateral periphery, and the boss 90 has a circumferentially spaced
series of generally tangentially facing driving surfaces 94
formed around its lateral periphery.

As best illustrated in FIGS. S and 6, the outer ends of the
shaft 86 are received in elongated, vertically inclined slots 96
formed in diametrically opposite side wall portions of the hollow
body of the solenoid and drag structure section 52a.
Additionally, opposite side edge portions of the drag wheel 82
are aligned with, and may be rotated outwardly through; a

diametrically opposite pair of vertically elongated slots 98,99



and reset. The detection structure 20 showmn in FIG 4 has been
representatively described as being operated by lowering it into the
casing 20, with its drag armnenbers 72 in their solid line retracted
positions, past the collar joints to- 2 sensed, and then raising the
detection structure 20 upwardly through the joints to be sensed to thereby

cause the q:ﬁ'r%%l q&;mtﬂﬁngﬂié w1l gaozkﬁgrpro(fe@h%ug‘é@EQBﬁ Eﬁﬁt hei‘l'ie dddietbn | ne
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FI G wever detection structure 20 could be utilized in

sever aI WAltIEEhR! Ent ERRBL! Sidé fsurdRdd 84 the tRSingXBIMyemeads ofla Unig at ed
in FIG 10, as the detection structure 20 is raised through the collar

joints ldnbdie deb eandd & heaihr agfarluatfe dgring 7Rembelkrd N®2meextermeldly n
their solid Iine extended positions in which they slide against the inner
si de sur fseseudd tte aedicigrdyferentially spaced around the sectiign -52a
thereby increasing the tension in the slick line 22 beyond the tension
created tdvel deadipg hganssghthefinner sddecsuvhacerefithe casing 12. The

radial thickness of the lug member 100 is sized in a manner such
that, for purposes later described herein, the vertical slot 99
is somewhat closer to the interior surface of the casing 12 than
the vertical slot 98 is.

A pressure plate member 102 is slidably retained énd
vertically movable within a complementarily configured chamber
104 formed in the body of section 52a. Pressure plate member 102
is resiliently biaéed toward its upper limit position indicated
in FIG. 5 by a schematically depicted compression spring 106
disposed in the chamber 104 and bearing at its opposite ends
against the bottom end surface of the chamber and the underside
of the pressure plate 102. Extending upwardly from the top side
of the pressure plate 102 are a ébﬁced pair of biasing plates 108
having upper edge surfaces 110 that upwardly bear against
opposite end portions of the shaft 86 as best illustrated in
FIGS. 6 and 7. Accordingly, due to the biasing force of the
spring 106 (see FIG. 5) the opposite ends of the shaft 86 are
biased toward the upper ends of the body wall slots 96, thereby
also resiliently holding the drag wheel in a position in which
it is slightly offset to the right of the vertical axis of the
detection structure 20a as viewed in FIG. 5.

As schematically shown in FIG. 8, a small detent plate 112



20. Then, when the sensing structure 56 passes upwardly through each of
the coll,ar joints 18 and responsively generates its electrical output

signal 78, the solenoid plunger 68 can _lifted fromits solid line
position to its dotted line position to permt the drag arm nenbers 72.to
retract fromtheir solid |ine positions to their dotted |Iine positions.

Thi s nonersabyasedrédawniwardly tingodregl hientmngagerht witbnthe ugpelaItases
the slick line tension until the sensing structure 56 exits each collar 18
and the cds¢aradn wide heurtaeet PR difhadet@niabess t&fe ol epdnd Pfurdyer
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In each o he t operating h eétection structure 20 shown
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collars 18 to be sensed and then pulled upmardly through the collars to
perform t klagidid stulcdiiredet 6Cis A spBEIve thEO¥RYBhet bbss 085) I,

the detection structure 20 could also be used to detect the collars 18 as

t he a rightwardly offset relationship therewith, and has a downwardly
projecting, vertically reciprocable plunger portion 118
positioned to downwardly and drivingly engage one of the boss
driving surfaces 94 to rotate the drag wheel 82 in the direction
indicated by the arrows 120 in FIGS. 8 and 9. The solenoid 116
is coupled to the battery 64 (see FIG. 4), and momentarily
actuated in response to the generation of the electrical output
signal 78, in the same manner as the previously described
solenoid 66 incorporated in the collar detection structure 20.

Referring again to FIG. 5, prior to the momentary actuation

of the solenoid 116 in response to the generation of the
electrical output signal 78 the drag wheel 82 is resiliently held
in its initial rotational position 82a by the engagement of the
detent plate 112 (see FIG. 8) with the uppermost side surface
portion 92 of the detent boss 88. None of the drag wheel points
84 are in engagement with the interior side surface of the casing
12, and the reference wheel point 84a projects at an upwardly and
rightwardly inclined angle as viewed in FIG. 5.

As the collar detection structure 20a is being pulled

upwardly through the casing 12, as indicated by the arrow 122 in



detection structure 20 passes downwardly through the collars 18. For
exanple,. as illustrated in FIG 11, as the detection

- 20 - structure 20 is lowered through the collars 18 to be detected the
drag arm nmenbers 72 are initially mai2atned in their solid |ine retracted
positions. In response to each nonentary generation of the electrical

output i gng 45 add eidNsol Ofo £ 20 518 gﬁg&ﬁﬂi}%i%ﬁrgﬁiﬁ&gg‘ﬂ xbpBhkended
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tension, w the resulting tensionh decrease spikes on the noving recorder
strip 40gkngkaatdduhwdiildepifto Oknjagemensedvieh | ar stdding one of the
Alternatively, as illustrated in FI 12, as the detection structure 20 is
| ower ed t paeuybttbess adiares st fhaebesde(ssd ddd.he) ,diaga alanmeantretatidgmay
be maintained in their-solid line extended positions in which they
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t hereby decreasing the slick line tension force below that created therein
by the werghatignalhpogitéeni Babstandt ibethen vpbnraehef-nolbgnatpe drag

generation. of the electrical output suﬂyal 78, the drag arm nmenbers 72 are
wheel 82 reaches its position 8 the reference point 84a engages

the interior side surface of the casing 12.

Further upward movement of the collar detection structure
20a through the casing 12 causes the. point-engaged casing
interior surface portion to forcibly rotate the drag wheel 82 in
direction 120 while at the same time forcing the ends of the drag
wheel shaft 86 downwardly and to the left in their associated
body slots 96. This downward movemént of the shaft ends in the
slots 96 caused the pressure plate 102 to be downwardly driven
against the resilient force of the spring 106. Accordingly, both
the rotation of the drag wheel 82 past its position 82b and its
leftward shifting are resiliently resisted by the spring 116.
This resilient resistance creatééfimomentarily'increased tension
force in the slick line 22, thereby correspondingly creating
another tension spike 38a on the recordér strip 40 (see FIG. 3).

The drag wheei is then rotated to its position 82c at which
time the reference wheel point 84a is driven over center to
permit the spring 106 to return the drag wheel to its original
position 82a, the drag wheel being releasably held in such
original position (until the solenoid 116 is again actuated) by
the‘resilient engagement of the detent plate 112 (see FIG. 8)

with the next adjacent boss side surface 92). It should be noted



monmentarily retracted to their dotted line positions, thereby nmnonentarily
i ncreasing the slick line tension. These nonmentary slick line tension

i ncreases are reflected as recording strip tension increase spikes simlar
to the spikes 38a shown in FIG 3. - 25 A lower end portion of an

al ternate enbodi nent 20a of the previously described collar detection

~structure I S 4GOSy 'éugq b1 FHohtfar® bPrdeti Bl itheed,
somewhat tégﬁéngﬁfc%%bfﬁﬁg%ﬁg co4%%yc¢$€§£§%$?2t$%ctur% 20a is identical

to the stgdetybg 38aWihhthbecsxoeptiPn(ddaticwd®did it .0y nnel Gfurae30
s incorporated in its solenoid and drag structure

- 21 - saghyOoWhedd. poihesnedli domel THiay dridddunert 84 daheddefa diag ofheel
82 which is shown in three rotational positions in FIG 5 - (1) an initial

dotted |i mhepdaterdbr82asing) shdsesunflacesolid |ine position 82b in which

the drag wheel has been rotated a short distance away from position 82a in
a cl ockw se di Rectimn;theandag®) @ft ihed, paeviedslinedgscrih geteatigm ch
the drag wheel has been rotated a short distance away from position 82b in
a cl ockwesgugtpeet 2on.the detergfion phguabure 2@ @RY 310 bPAISRAGEWIEY 82

has forned . ' . .
one of three alternative modes if desired. For example, as the

detection structure 20a is raised through the collars to be
detected, its drag structure may be held in forcible sliding
‘contact with the inner side surface of the casing 12 and
momentarily withdrawn from such contact in response to the
sensing of each collar to thereby create momentary slick line
tension decreases that are indicative of the detection of each
collar. Additicnally, the detection structure 20a may be used
to detect the collars as it is lowered through the collars - with
the drag portion of the detection structure 20a either being. (1)
momentarily brought into engagement with the casing, or (2)
momentarily disengaged from the casing in response to the
electromagnetic sensing of each::cé;llar as desired, as previously
discussed in conjunction with the detection structure 20.

A second alternate embodiment 20b of the detection structure
20 is schematically depicted in FIGS. 13-14B and comprises, from
top to bottom along its length, an electromagnetic collar sensing
section 124, a battery pack section 126, .and a drag structure
128. Drag structuré 128 includes a generally tubular outer
housing 130 having a circumferentially spaced plurality of
vertically elongated slots 132 formed therein. Coaxially

disposed within the housing 130 is a cylindrical guide member 134



thereon a circunferentially spaced series of radially outwardly projecting
points 84 including the reference point 84a which wll be subsequently
used herein to describe the operation of the nodified drag structure 80.

A cylindrical .support shaft 86 is -fRgedly secured to and transversely

ext ends centrally t hrough the drag mheel 80, and | ongitudinally extends

ecured oReORRRe e ErmEttetLElG) BBRReD) WIS BR oE kethagds ks
descri bed, x{:?ﬁ? S§a§§af §n§§£~gf?hg§c8&' Eitt q‘i&e&“réfﬁ nv?ﬂ;é’éépos‘?ﬂe

around its peri phery, 0SS circu entl a

spaced s dihd131882,3h | 1AL NG, B W1RGtTbaeRE 1944 a r med
ar ound |t§éF§§2€ﬁlg%€%rlg e;‘%ﬁygt%n 2 %lest |5I3?{Jstrat ed in F%‘Ec% l5 aﬁd 6,

t he outerpgadaeibet$ el s Tt r&alauembe@ﬁeﬂedremteiwqﬁ athe houkiiagl byo,
inclined slots 96 forned in dianetrically opposite side wall portions of
t he hol | oxhwapdyy oénd heutswdmdioy ctlarhglr d ssislatisung 2sebetoreh?@etracted
Addi tionally, opposite side edge portions of the drag wheel 82 are aligned
wi t h, andpoajtbenscslkxved iouFTEr dlg/Atand)agh;endeddpaﬁetwnal |shayrpdsi FEGpai r
of vertlcally el ongated slots 98, 99 2
- 14B, in which arcuate outer side surfaces 140 of the drag pad
members 138 engage the inner side surface of the casing 12.
Schematically depicted compression spring means 141 bias the drag
pad members 138 radially outwardly toward their FIG. 14B extended
positions, in which the radially outer sides of the drag pad
members slidingly engage the interior surface of the casing 12,
and permit the drag pad members to be resiliently deflected
inwardly toward their FIG. 14A. retracted positions in the event
that the outwardly deflected drag pad members 138 strike inwardly
projecting portions of the inner casing surface as the detection
structure 20b is being vertically moved through the casing.

The electromagnetic drag pad members 138 are electrically
coupled to the battery pack section 126 and in the version of
the detection structure 20b illustrated in FIG. 13, are energized
by the battery pack section in response to the momentary
generation of the electrical signal 78 when the collar sensing
section 124 passes through and electromagnetically detects one
of the collars 18. 1In response to their momentary energization
by the battery pack section 126, the drag pad members 138 are
magnetized and attracted to the metal casing 12. This, in turn,

increases the sliding frictional resistance to vertical movement

of the detection structure 20b relative to the casing 12.



formed in the side wall portion of the section 52a. The section 52a is
resilientty maintained in a laterally spaced relationship wth the
interior side surface of the casing 12 by neans of a lug nenber 100 and a
pair of leaf spring nenbers 102 external |27 -secured to and
circunferentially spaced around the section 52a and bearing agai nst the

monber 100 1 S2ERe| EREREAe S AR THATS 18 RoUriSo Ret SecAoests Lhed
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menber 102, gk figr 89 |dR0Hd ek Pi an6Heh @By dihbeetBRERnl itHd BoSsid@nihNdheat ed
in FIG 5 by a“schematically depicted conpression spring 106 disposed in

the chanbglidéR41and heannadcativésogpphei peesfliee agahst coldakoiensiakd
surface of the chanber and the underside of the pressure plate 102.
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spaced pair of biasing plates 108 having upper edge surfaces 110 that
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illustrated in FIGS. 6 and 7. Accordingly, due to the biasing force of

the sprigglless(sk®d ASG ib) downwrrpbky t £XaVesrses t hhempaftthegs mgmentgirysed

toward the upper ends of the bod%lmall sl ots 96, thereby )
magnetic attraction of the drag pad members 138 to the casing 12
creates a momentary decrease in the tension in the slick line 12
indicative of the presence of the collar sensing section 124
within one of the collars 18.

The detection structure 20b may also be utilized, when
vertically moving either upwardly or downwardly through the
collars 18 to be detected, with the electromagnetic drag pad
members 138 being maintained by the battery pack section 126 in
their energized states, until momentarily de-energized, in
response to the generation of the electrical collar sensing
signal 78. In this mode of opéfation the drag pad members 138
magnetically but yieldingly resist vertical movement of the
detection structure 20b through the casing 12 except when the
electromagnetic drag pad members 138 are momentarily de-energized
during the existence of the electrical signal 78.

When the collars 18 are being sensed during upward movement

- of the detection structure 20b therethrough this momentary de-
energization of the pad members 138 creates momentary decreases

in the slick line tension force that are each indicative of the

sensing of one of the collars 18. Conversely, when the collars



also resiliently holding the drag wheel in a position in which it is
slightly offset to the right of the vertical axis of the detection
structure 20a as viewed in FIG 5. As schematically showmn in FIG 8,
a small detent 'plate 112 - 28 - - 23 - is biased
downwardly into resilient engagenent mﬁth the uppernmost |ateral side

esi || ently FRh BRLSS, GERBRAN LT L PHe SORARE 2 hovBBIeR] o e ciftotien
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116 is di'sposed a ove t he ratchet boss 90, a rightwardly offset

rel ati onsfemsidier@ydded) cad dias e&c@oﬂﬁﬂabdhivepbﬁl eBki BEnsiNgr &f Cohé Yof
reci procable plunger  portion 118 positioned to downwardly and drivingly
engage onghéfcdliatwsss. driving surfaces 94 to rotate the drag wheel 82 in
the direction indicated by the arrows 120 in FIGS. 8 and 9. The solenoid
116 is coupl ethe crdwe seatttiony162 ¢fee tHHiEd 4)teameatepembdimept 2a0cuaf ed
in response to the generation of the electrical output signal 78, in the
sane nanﬁ@heagolh@rpdgweggm@@'Qﬁgﬂgﬁqngjls illustrated in FIG. 15. The
drag section 142 is located at the bottom end of the detection
structure 20c which, except for its drag section, is similar to
the detection structures previously discussed herein. Drag
section 142 includes a circularly cross-sectioned housing 144
with a diametrically opposite pair of openings 146 formed in its
lower end. A pair of elongated drag arm members 148 have angled
inner end portions 150 that extend upwardly through the openings
146 and are pivotally secured within the housing 144 in a manner
permitting the arm members 148 to pivot toward and away from one
another as indicated by the arrows 152 in FIG. 15.

A pair of electromagnetic drag pads 154 are pivotally
secured, as at 156, to the 1owé£;of outer ends of the drag arm
members 148 and have outer side surfaces 158 that may be brought
into sliding contact with the inner side surface of the casing
12 when the arms 148 are pivoted in a radially outward direction.
The drag arm members 148 are pivotally biased in this radially
outward direction, to resiliently hold the pad surfaces 158 in
sliding contact with the inner side surface of the casing 12,
by a coiled compreséion spring 160 captively retained within the

housing 144 and bearing at its lower end against the upper or

inner ends 150 of the drag arm members 148 as indicated.



sol enoid 66 incorporated in the collar detection structure 20.

Ref.erring again to FIG 5, prior to the nonentary actuation of the
solenoid 116 in response to the generation of the electrical output signal
78 the drag wheel 82 is resiliently helZb 4n its initial rotational
position 82a by the engagenent of the detent plate 112 (see FIG 8) with
t he uppernost side surface an 92 of, t 0SS
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sensing of a collar joint 18 e solenoid plunger 118 is driven
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surfaces 94 (see FIG 9), in a manner rotating the drag wheel fromits

initial pastdide & tedddtrameagmetic draky padls p64i thisode82redand i s then

retracted. When the drag wheel 82 reaches its position 82b the reference

poi nt 84a engdiyesne available mode of operation thereof, as the detection
structure 20c is moved upwardly through the casing collars to be
detected, the drag pads 154 are electrically de-energized and
sliae along the interior of the casing 12 but are not
magnetically attracted to it. When the collar sensing section
of the detection structure 20c senses a collar, the resulting
momentary electrical output signal 78, via the battexry pack
section and the leads 162, momentarily energizes the drag pads
154. This momentarily creates a magnetic attraction between the
drag pads 154 and the casing 12, thereby momentarily increasing
the slick line tension to create measurable tension spikes, such
as the spikes 38a shown in FIG. 3, indicative of the depths of
the collars being -sensed. Tﬁe:resiliently biased, pivotally
mounted drag arm members 148 advantageously permit the same drag
structure 142 to be used in casings, or other jointed tubular
structures, having differing inside diameters.

Alternatively, as the detection structure 20c is being moved
upwardly through the collars to be sensed, thé.electromagnetic
drag pads 154 may -be maintained in an energized state and
momentarily de-energized in response to the generation of the
collar sensing electrical outpﬁt signal 78. Under this mode of

operation the detection of each collar will be indicated by a



the interior side surface of the casing 12. Furt her upward novenent
of the-collar detection structure 20a through the casing 12 causes the
poi nt - engaged casing interior surface portion to forcibly rotate the drag
wheel 82 in direction 120 while at the e tine forcing the ends of the
drag wheel shaft 86 downwardly and to the left in their associated body
slots 96. This downward novenent . of aft ends.in the slots 96 caused
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The drag wheel is then rotated to its position 82c at S\E/\/n!ch time t
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to return the drag wheel to its original position 82a, the drag eel

bei ng rel eBmbayehealcdmal 1yucte - arrdyirald ,posnd | enefytized tdierisnt edowtwddd i s
again actuated) by the resilient engagenent of the detent plate 112 (see
FIG 8) wavenent refttheljdetent ion styiukiune 20 g2oudh sheutdl barsioted
be sensed, the detection of each collar will be mechanically
indicated by a momentary decrease in the slick line tension.
Conversely; when the drag pads 154 are normally energized, and
de-energized during downward movement of the detection structure
20c through the collars to be sensed, the detection of each
collar will be mechanically indicated by a momentary increase in
the slick line tension.

The drag section 142a of a fourth alternate embodiment 204
of the detection structure is illustrated in FIG. 16 and, with
the exceptions noted below, is similar to the previously
described drag structure 142 shown in FIG. 15. For ease in
comparison, components in the éfég section 142a similar to those
in drag structure 142 have been given identical reference
numerals with the subscript "a".

In the drag section 142a the electromagnetic drag pads 154
are replaced with frictional drag pads 164 having outer side
surfaces 166. Unlike the previously described drag pads 154, the
drag pads 164 are not electrically coupled to the battery pack
portion of the detection structure 20d. The compression spring

l60a pivotally biases the drag arm members 148a radially

outwardly toward their solid line positions in which the outer



- 25 - that, due to the previously nentioned rightward offset of the
sectdi on 52a in the casing 12 (as viewed in FIG 5), none of the drag wheel
points 84 cone into engagenent with the left side of the interior casing
side surface. - As in the case of_tgg previously described detection
structure 20, the detection structure a may al so be used in any one of

h I i d jf_desired.. F , t he etectjon.
structure 5089 éﬁrgfﬁfg%% ifﬁ oc?ébfl%%qsrea Pééé‘”f%fbferaf%e:oerﬁ%a i g oy
N ' LN nt act. w e i nner si
:L;?gégrgfggﬁgggagﬁﬁg1§§egg%§a%0§%%f%€?I%fwfﬁémﬁ%é%PQr such_contactlink
hens ' r p e I Is
| Tnetonsi on dRiFESREBCuELhERn] fouel end POl SLTAS HNENI TR
col l ar. Addi tborabliy. 168CcHSE efd | e StF UL INE LRBHIRY tQ?'tHés%%té:;e O;&%ﬁt

the collars as it is lowered-through the collars™- wth the dr tion
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engagenent with the casing, or (2) nonentarily di sengaged fromthe casing
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previously discussed in conjunction with the detection structure 20.

A second akserdmdticateidodiynaiite 2kfe tdmsledbtaactawnl 2 r ucWher tke ipdunger
schematically depicted in FIGS. 13-14B and conprises, from

portion 170 is driven upwardly, an upper end portion thereof
forcibly engages the undersides of the upper drag arm ends 150
and forcibly pivots the drag arms 148a, and the drag pads 164,
to their dotted line positions in which the outer sides 166 of
the drag pads 164 are moved inwardly out of frictional contact
with the inner side surface of the casing 12. When the plunger
portion 170 is retracted the spring 160a operates to forcibly
pivot the drag arms 148a and the drag pads 164 outwardly to their
solid line positioﬁs.

In one mode of operation thereof, the detection structure
20d is used to detect the collars 18 as the detection structure
20d is moved upwardly througﬁtﬁhe collars with the solenoid
plunger portion upwardly extended to hold the drag arms 148a and
the drag pads 164 in their dotted line retracted positions. When
the collar sensing section of the detection structure 20d senses
a collar and responsively outputs the previously described
momentary electrical.signal 78, the signal 78 is used (via the
battery pack section) to retract momentarily retract the solenoid
plunger portion 176 to momenfarily permit the spring 160a to

pivot the drag pads 164 outwardly to their solid line positions.

In turn, the resulting frictional engagement of the drag pad side



top to bottomalong its length, an electromagnetic collar sensing section
124, a battery pack section 126, and a drag structure 128. Drag structure
128 includes a generally tubular outer housing 130 having a
circunferentially spaced plurality of- swertically elongated slots 132
formed therein. Coaxially disposed within the housing 130 is a
cylindrical | de . . ing” 1257 ﬁﬁying
a circunf esrueI%é!cgﬁ ;;%gggégé?t&eurlﬁetry%?erSe%xe.gas%% olggheegggrllagnlg r%rl% y
wardly T ddor Gl ety Rck Mihe 'GARIRGS {itbralddl NolcLIYY 3
plurality of electromagnetic drag pad nenpbers 138 for radial novenent

relative tgr tdie hirding HI0.chel Bwandky and outwardly through its slots 132,
bet ween retracted positions shown in FIG 14A and extended positions,

shown in FIG 7B sdlendiidc plangest poptien svoemsyrdfcesuddd lod rddremalriag
pad nenbers 138 engage the inner side surface of the casing 12.

Schemat i caldintdeiyert dch daspressaohedppoaitiennsas 1dlie bietse¢thiron rsigrugtadre
menbers 138 radially outwardly toward their FIG 14B extended positions,
in which 208l rupwaatdly dinasrersiegeshef adidasadpde semdnd.s sin dilnigs ycaggjage
the interior surface of the casing 12, and permt_the drag pad nmenbers_to
be resilidhg glestrdcaddoutpwarsdiignaloidr Bayes sadctoinpmenear ity gktend

ositions in the event , . .
P the plunger portion 170, thereby creating a momentary slick line

tension decrease indicative of the sensing of one of the casing
collars.

Alternatively, the detection structure 20d may be used to
sense the collars while the detection structure 20d is downwardly
traversing the collars - with the solenoid plunger portion 170
in either a normally retracted position or a normally extended
position. In this downward sensing travel mode of the detection
structure 20d, with the solenoid plunger portion 170 in a
normally extended orientation, generation of the electrical
output signal 78 will automatically create a momentary slick line
tension decrease indicative of the sensing of one of the collars,
and with the solenqid plunger portion 170 in a normally retracted
orientation, generation of the electrical output signal 78 will
automatically create a momentary slick line tension increase
indicative of the sensing of one of the collars.

As will be appreciated, in the representatively illustrated
detection structures 20-20d a variety of other types of drag
structures could Dbe alternately utilized if desired.
Additionally, while the elongated positioning member used to

vertically move the detection structures 20-20d through the



that the outwardly deflected drag pad nenbers 138 strike inwardly
proj-ecting portions of the inner casing surface as the detection structure

20b is being vertically noved through the casing. The el ectromagnetic -
drag pad nenmbers 138 are electrically Jgoupled to the battery pack section
126 and, in the version of the detection structure 20b illustrated in FIG

13, are engsgiggdizbysthg Pééé:%é(t?@é‘iér%%i?&iPiﬁ8§p9n§§ri8t hgenppgRaLary
generation of tﬁe el e?:tri!():al signal 78 when the collar sensi ngil section 124
passes thrgughgatéed epesit OoRMNG! ineabeys debaehS a@Neoidfl tllRinP! bAr Bra8deln
response to their nonentary energization by the battery pack section 126,
the drag pastabnbdinel38 candd neHgmet aredraatedit r aetiad zled t hief me@akigaal ng

12. This, in turn, increases the sliding frictional resistance to vertical
movenment &Afdditionieily!iwhiler bbeudet2obioal atirmetiorashe Ceidighd®e been
- 27 - If the detection structure 20b is being used to detect the

dept hs of thtuserated amd deserihrdrkeyein asrbeing hlﬁﬁ?dth@. Sﬁnirgncasg't?g
magnetic attraction of the drag pad nmenbers 138 to the casing Creates a
nn?rent ary ?ﬂ£f%’és?a°’rrﬁ:§ F PEReEohnFReRfed WR$EISeSHOND afhdiheacpredngs ike

presence QLiiI“%é”Qﬁﬁ?éci%%%hhgy those of skill in this particular art that

they could also be used in various applications to detect
decreased mass sections of the casing, such as perforated
portions thereof.

Moreover, as will be readily appreciated by those of skill
in this particular art, the representatively illustrated
detection structures 20-20d could also be advantageously utilized
to detect changed  mass sections in other types of downhole
jointed tubular structures, such as production tubing, in
subterranean wells.

While various types of mechanical and electromagnetic drag
structures have been illustrated and described herein to
momentarily create in the glick line or other elongated
positioning member a detectable tension change, it will also be
readily appreciated by those of skill in this art that various
other means could be used to create the detectable tension
changes. For example, the drag systems could be replaced with
pyrotechnic or compressed gas devices that are operative in
response to the electrical output signals to momentarily
accelerate the detection structure (either upwardly or
downwardly) during vertical movement of the detection structure,

to thereby momentarily create either a tension increase or



section 124 wthin one of the collars 18. Conversely, if the detection
structure 20b is being used to detect the depths of the collars 18 as it
downwardly traverses them the nonmentary magnhetic attraction of the drag
pad nmenbers 138'to the casing 12 creaLegga_nonmentary decrease in the
tension in the slick line 12 indicative of the presence of- the collar
sensing sec¢tion 124, w.thin.og of the : i
structure 3ﬁrﬁﬁ§ea3rréot}'§esgf'fzgﬁzlef Ov%hgﬁﬁg\%:%f? c%ﬁ'?/d rﬁ)ovsll-r?g;i%elﬁ%?gﬁgﬁ%gr'dl y
or downwardly t ug . col | 18.4 0 e, (Mt h learl

el ectromagnet i clﬂégagQﬁggsoﬁlgﬁbe%%%%%eidr%érrigi&ﬂ%ﬁedﬂbyQtOthe%t?at tcer y pgck
section 12§nHErsEBSHr YL e By Wal lofTONENIS¢ Hd i sle- 8nar exaagdlel n
response to the generation of" the electirical collar sensing signal 78. In
this node ghigpernéigstie adbag8copd JEmS préd8ncnigvent Doh being limited
yieldingly reSist vertical novenent of the detection structure 20b through
t he casi ngsd2edychbipt theeappéndee! etaimsmgneti c drag pad nmenbers 138 are
nonentarily de-energized during the existence of the electrical signal 78.
When the collars 18 are being sensed during upward novenent of the
detection structure 20b therethrough this nmonentary de- energization of
the pad nenbers 138 creates nonentary decreases in the slick line tension
force that are each indicative of the sensing of one of the collars 18.
Conversely, when the collars '




- 28 - 18 are bei ownward novenent of the detection
structure 20b thergmmmclmﬂuumnt ary de-energi zation of the pad
menbers 138 creates horfenttary i Aicreases in the slick line tension force
that are each indicative of the sensing of one of the collars 18.

The drag section 142 of a third alterqhag® -enbodi nrent 20c of the collar
detection structure is illustrated in FIG 15. The drag section 142 is

| ocated at the bottomend of the detection structure 20c which, except for
its drag seGEABMS:is simlar to the detection structures previously

di scussed herein. Drag section 142 includes a circularly cross-sectioned
housing 144 with a dianetrically opposite pair of openings 146 formed in

its lower &nd. A paif Bethednghtdetermip o thatantmof ravdaigfied i nner

end portiongagsOstbetofXxbens ypy@Ecd yedtu ndwhs dhec apanings 146 and are
pivotally secgred wi thin tgf housi ng 144 | manner erm tt| the arm
nmenbers 148SEBRFIBRCRBUAT anﬂu%/a%sfaro‘m °raeno°tar1se’r YV the

arrows 152 tabFEhg, ﬂz5thout thé& mésmftﬁletttmmﬁmumgjra@qmgalﬁ4 are
pivotally secur

rerber s 14 REo Ry aP8aF LI P By, PRt Lutlo it By SR B fiyT o0 AT
conductive wire line member, said method comprls1ng the
steps os: vertically moving a detection structure (20), on
an elongated positioning member (22), through the tubular
structure (12) and through the changed mass section (18)
therein whose depth is to be determined; causing the moving
detection structure (20) to automatically generate an
electrical signal as it moves through the changed mass
section (18); wusing the generated electrical signal to
cause a portion of the moving detection structure (20) to
momentarily and detectably change the tension in said
elongated positioning member (22); detecting the momentary
tension change in said elongated positioning member; and
utilizing the detected momentary positioning member tension
change to determine the depth of the changed mass section
(18) of the jointed tubular structure (12).
2. A method accordingtté claim 1, wherein said
vertically moving step is performed by moving said detection
structure (20) upwardly through the changed mass section
(18), and said using step is performed by causing said
portion of said detection structure to momentarily increase

the tension in said elongated positioning member (22).

3. A method according to claim 1, wherein said
vertically moving step is performed by moving said detection
structure (20) upwardly through the changed mass section
(18); and said using step is performed by causing said
portion of said detection structure to momentarily decrease

the tension in said elongated positioning member (22).



into sliding contact with the inner side surface of the_casing —T2-when—t he
arng 148 are pivoted in a radially outward directionj D!i'mm'ﬁmwm ers
148 are pivotally biased in this radially outward dﬁr L "ﬂﬂb
resiliently hotd the pad surfaces 158 in sliding contact with the Si nmer
side surface of the casing 12, by a eo86et conpression spring 160
captively retained within the housing 144 and bearing at its | ower end

agai nst the upper or inner ends 150 of the drag arm nenbers 148 as
i ndi cat ed. 4, A method according to cla;mzb,_wherelqh%ald

el ect rOrra]gneﬁir(té.@&dgyp&dSiﬂl§4sﬁé§ eheﬁéffﬁﬁhé&’ g@u;pdfgdngg@a%@edbﬁé&efgn pﬁ:k
section o t he tecti st,ruct ur n sSNnown In SC tlca

Gon Crad | cRiruEaTerdByS iuRy ALk Chediehrens lebatbedtats SROCIEN| oo
sensing seciil@) , eindctsmiidahsdogpetepi §paberBormedtbuscapeinti ve@ido energi ze
or de- e”erg&%ﬁo%h%fekéﬁhrﬁgﬁggﬁﬁkﬁ ggﬁgﬁP@PE £3%nbRe eS8 'inc56asén one

avai | abl e mbde of operation thereo e detection structure cC1s
nmoved upwar dhe ttensigm tile s@ddi adoasrkadspropibionimgecmenbert h22drag pads
154 are electrically de-energized and slide along the interior of the

: oit. Wien the ggllar

casing 12 but are not nagnetically attracted t
sensi ng sect’i-on of tﬁémﬁgP 9t?6ﬁ°¥9ﬂﬂ§tﬁ?e° BimslnsBBeRedn| F4td the

resulting vertically moving step is performed by moving said detection
structure (20) downwardly through the changed mass section
(18), and said using step is performed by causing said
portion of said detection structure to momentarily decrease

the tension in said elongated positioning member (22).

6. A method according to any of claims 1 to 35,
wherein said vertically moving step is performed using a

slick line as the elongated positioning member (22).

7. A method according to any of claims 1 to 6,
wherein said portion of said detection structure is slidably
and frictionally engageable within the inner side surface of
the jointed tubular structure (12), and said using step is
performed by momentarily alte;ing the sliding friction force
between said detection strucéufe portion and the inner side

surface of the jointed tubular structure.

8. A method according to any of claims 1 to 7,
wherein said portion of said detection structure (20) and
the jointed tubular structure (12) are magnetically
attractable to one énother, and said using step is performed
by momentarily altering the magnetic attraction force
between said detection structure portion and the jointed

tubular structure (12).

9. A method according to any preceding claim, wherein

the changed mass section is a casing collar joint, and said



nonentary el ectrical output signal 78, via the battery j
the | eads 162, nonentarily energi zes the drag pads 154j Uﬂﬂ M’ ﬁ@k
creates a nagnetic attraction between the drag pads 154% 2,

t hereby nonentarily increasing the slick line tension to create measurable
t ensi on spi kes, such as the spikes 38d87hown in FIG 3, indicative of the
depths of the collars being sensed. The resiliently biased, pivotally
nmount ed drag arm nenbers 148 advantageously permt the sane drag structure
142 to be uBeHPPH ERsPIRG, tOrdoisfy Y08 st Wuithe caside §odd2havi ng
differing ipsige. di aneters. Al ternatively, as the detection structure
20c is being noved wupwardly through the collars to be sensed, the

el ectromagnetic drag pads 154 may be nmmintained in an energi zed state and
nonent ari | yl@le- ener gi Zemle tlnod esposking ttde lganerlat ivdre refin saidcol | ar
sensing ele L u ‘?5%4 Mgber | 5% Jd/md ratJ on the

det ection o?géggﬁkcg%grh\hﬂ e ‘l'jrﬁedi cat edOébrflzsae ﬁ‘na%fne ARE Y

-30 -  nonBARAipsdEke cabrnged tPRSK| $RKE 19O | id Ghpinted tuhydafet ection
structure 2QergBYudbSQ1bp, used to detect collars as it is being noved
downwardly through the collars to '



be detected - with the el ectromagnetic drag pads 154 either normally
energized or normally de-energized. Wen the drag pads 154 are normally
de-energi zed, and energi zed during downward novenent of the detection
structure 20c through the collars to be sensed, the detection of each
collar will be nechanically indicated Bg a nonentary decrease in the slick
line tension. Conversely, when the drag pads 154 are nornally energized,
and de-energized during downward novenent of the detection structure 20c
through the collars to be sensed, thaBggract on of each collar wll be
mechani cal ly indicated by a nonentary increase in the slick line tension.
The-drag section 142a of a fourth alternate enbodi nent 20d of the

detection structure iROWNHOIF (CSING AND| CUBING,dQINT LACATABNexcepti ons
noted below, is simlar to the previously described drag structure 142

shown in FIG 15. For ease in npari son, nponents in the drag section
142a simlar to those 4?\%ﬂ%ﬁ}%n(lﬁét&Pealﬂ?“ﬁ&@éebé@ﬁnéﬁgeﬁupﬂéﬁflcal

reference napRIGtSrav (12 Y hasudhSer iapiweld” bore caslifgt be @raguségbnon 142a

th | ect ticd 154 I t h f I d
164 hawi ng. oUTBI& | ot SRR S1sa® BRLike 2 Re SSPE000s| ) 4888 Phod b ag

pads 154, theovimsicp pdelse dolr aArZd Indth relugdt rtihealjloy ntedpltadulle rt ¢ roatueey

pack portiop 9f €, el £t d A S PG 1290 me B LTINS FuRR SR N9
slick line. As the detector (20) passes through each joint
(18), it electromagnetically senses the joint and
responsively génetates an electric output signal which is
used to momentarily change the tension in the positioning
member (22). This tension change, which may be either an
increase or a decrease, serves as a mechanical output signal
transmitted upwardly through the positioning member (22),
and may be plotted on a strip chart recorder (34) at the
surface to record the joint locations and correlate them to
the lowered depth odometer (36) readings of the detection
system. Using this joint detection apparatus, correlative
joint logging procedures may be carried out for tool setting
purposes without the necessity of utilizing an electrical

conductor line.

This Sheet Has Been Replaced

THIS SHEET HAS BEzN
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FIGS. 1 and 2



160a pivotally biases the drag arm nenbers 148a radially outwardly toward
thekr solid line positions in which the _outer

- 31 - side surfaces 166 of the drag}ﬁads 16 frictionally and slidably
engage the inner side surface of the casing 12. Di sposed within a

| ower end portion of the housing 144a is a solenoid 168 that is
electrically coupled to the battery pack portion of the detection
structure 20d. Solenoid 168, at its upper end, has a plunger portion 170
that is vertically novable as indicated t he doubl e-ended arrow 172.
When the plunger portion 170_t5 drive rdly, an upper end portion
thereof forcibly engages théﬁundersid s| off {t he upper drag arm ends 150

and forcibly pivots thfstapacHART hngd |t he drag pads 164, to their
dotted |ine pos{€® ons/] rREGRRDER u si{des-3466 of the drag pads 164

0
— 0 of frictipnag with the inner side surface
A oheMETERNYer 170 is retracted the spring

are noved i ngp aq
o
i 'V t he(erapg gfnms 148a and the drag pads 164
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20d is noved upwardly through the collars with the solenoid plunger
por.tign upwardly extended to hold th ag arns 148a and the drag pads 164
in their dotted line retracted positi . 2¥en the collar sensing section
of the detection structure 20d senses a collar and responsively outputs
the previously described nonentary electrical signal 78, the signal 78 is
used (via the battery pack section) to retract nonentarily retract the

sol enoid plunger portion 170 to nonentarily perm @2&ag spring 160a to

pi vot the drag pgo Hrputwardly to their solid lineositions. |In turn,
the resulting fr engagenent of the d ]

- 32 - surfaces i fhodhe inner siSRa-sur ';323 eates

lick line tension

The sol enoi
nits retracted
rayerses the co
nal 78 may be u
bk eby creatin? a
e sensing o

an associ at ed
sensing of the ¢
be normally mai
structure 20d
the electrica

pl unger portion
decr ease i ndi cat

(0] e

f §4&our se
)

[ | jfﬁﬁse

rd e

Sks i&%s

J,’54
46 ’/,m \&%
78 . 2
56 . 102') |
= e 98 | N 104
= =
21 r=1ilt-e0 106/‘3.\\/
I e~ f—20. \ D
—— N\
N
(|
\EE )
50— | r:"’64
N
\ | I H“/12
| Al
| - FIG. 5
N \ k ‘.-'
\ \ 16
-/
A | -66
M
52—NK _-68
D L ~70
N
76 76




col l ars. Alternatively, the detection structure 20d nay be used to
sense ;the collars while the detectig tr%?gure 20d i s downwardly
traversing the collars - with the enoid plunger portion 170 in either a
normal ly retracted position or a normally extended position. In this
downward sensing travel node of the detection structure 20d, with the

sol enoi d plunger portion 170 in a normally extended orientation,
generation of the electrical output signal 78 will automatically create a
monmentary slick line tension decrease indicative of the sensing of one of
the collars, and with the sol enoid plunger &orgi on 170 in a normally
retracted orientation, generation of theAgfectyical output signal 78 wll
automatically create a nonentary slick | i/ne i on increase indicative of
t he sensing of one of the collars. ill "be appreciated, in the
representatively illustragjed &te@tion stgyucures 20-2Qd a variety of

other types of drag struetures, dogHd'd be» _alNernatel utilized i f
desired. Additionally, while tDe”8 i i ermber used to
vertically nove the detectg he
- 33 - casing 12 is represeNn i f lirngl] a yvariety of other
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el ongat ed positioni ng menbers (éuch as coil tubing or braided netal |ine)
could, be ,alternately wutilized if desired. Additionally, while the

det ecfion structures 20-20d have begng illustrated and described herein as
bei ng used to sense casing collar joints or other increased nmass sections
of the casing, it wIll be appreciated by those of skill in this particular
art that they could also be used in various applications to detect
decreased nas ections of the casi as perforated g '
t her eof . ver, as will bd|reafi| Wjappreci ated by
in this paffi rt, the represdhtatfvelly illustrated feteqtio
structures @2d al so be adJinta 1%2Lﬂi|ized tH
mass secti% er types of dowmhol j{@i nted tubul ar §
as producti , in subterrarean| wel I4. Whi | e VE
mechani cal romagneti c dragL tidres have been
descri bed gRnentarily crjeat] ifn Qqslick line Hdr
el ongat ed - ng nenber a detjectlabl ensi on change, Hi
readily ap by those of ski{ll [inJtHils art that var]
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response to-the electrical output signals to nonentarily accelerate the
detection structure (either wupwardly or downwardly) during vertica
noverent ' of the detection structures/é()thereby nonentarily create either

a tension increase or - 34 - decrease
in the slick Iine or other el ongated positioning nenber. The
foregoing detailed description is to be clearly wunderstood as being given
by way of illustration and exanple only, the spirit and scope of the
present invention being limted solely by the appended ?géai ns.

- 35 - CLAI VE: 1. A met hod of dqggrqhajng t hel pth‘ f a changed
mass section of Qi nted tubul ar struct A< Wa 2 I'1, such as
a well bore ' production tubing, . y g2 ity of
transmitting 4] eghni signal s upwardl )} AR Mough an
electrically n thve wire line ne : \, I ng the steps

os: verticall VI a detection str
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structure (12) and through the changed mass section (18) therein whose
depth: Ls., t.o-be determ ned; causing the noving detection structure (20) to
automatical ly generate an electrical, glgnal as it noves through the changed
mass section (18); using the generated electrical signal to cause a portion
of the noving detection structure (20) to nonentarily and detectably change
the tension in said el ongated positioning nmenber (22); detecting the

monment ary tensi on change in said el ongated positioning nenber; and
utilizing the detected nonentary positioning nenber tension change to
determ ne the depth of the changed nmass section (18) of the jointed tubular
structure (12). 2. A nethod according to claim1l, wherein said .
vertically nmoving step is perforned by noving said detection structure (20)
upwar dly t hrough the=xhanged nass section (18), and-said u3|#g tep is

performed by causingisaid portion of said detection structurs-t

nonent ari | ed _posi tioni nber (22).
3 . .

step is perorned by noving sﬁld det ec |on stuﬁcture (20) ggh

t he changed Ss section (18).T and saikdl wsi ngIstep | or me Zaysing
said portion oN said detectiop struct 3o tarily Ease T e
tension in said\ el ongated posiCTam™ e r (22 ==-" ;},)(’

- 36 - 4. A net hod”ac 19 tlo clai , wherein-sat d-vertically Q
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_ _ _ o groaldseo .
5. » A met hod. according to claim1, wherein said vertically noving

~step is perforfred by noving said detection structure (20) downwardly
t hrough the changed mass section (18), and said using step is perfornmed by
causing-said portion of said detection structure to nonentarily decrease

the tension in said el ongated positioni ng nenber (22). 6. A net hod -
according to any of clains 1 to 5, wherein said vertically noving step is
performed using a slick line as the el ongated positioning nenber (22). 7.

A met hod according to any of clainms 138e 6, wherein said portion of said
detection structure is slidably and frictionally engageable within the

i nner side surface of the jointedaBSTRIATTStructure (22)/ @and said using
step is perforned by nonentarily altering the slidj frlctio rce

bet ween said detection structure portion and the ihﬁ%‘“%@ﬁ?éﬁgce of the
jointed tubular structure. 8. A nmet hod according to any of clains

1to 7, WSNHOERBIQA ANID JOINSRIL dCdguest i on structure (20) and the
jointed tubular structure (12) are nagnetically attractable to one another,

and sai d ggi eatssm i 8 d%%h 2y rBREE Qttn?crthxleyg’ ts%ﬁ Rg af Jsa,en TR Eslriy

attracti gp. A ,s.e rjﬁs&new ek ﬁsgat& £ atd cio?'(%
LA arm% eﬁa ) e a2 g L g g@?ﬁf%ﬁm D5 i
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jomt and responswely generates an electric output signal whmh is used ) moment y change
the tension in the positioning member (22). This tension change, which may be either an
increase or a decrease, serves as a mechanical output signal transmitted upwardly through the
positioning member (22), and may be plotted on a strip chart recorder (34) at the surface to
record the joint locations and correlate them to the lowered depth odometer (36) readings of
the detection system. Using this joint detection apparatus, correlative joint logging procedures
my be carried out for tool setting purposes without the necessxty of utlhzmg an electrical -
conductor line. :

Fig. 1,2.
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TEXT OF THE ABSTRACT

DOWNHOLE CASING AND JOINT LOCATION

The joints (18) in a downhole jointed tubular structure (12), such as a well bore casing or
production tubing, in a subterranean well, are sensed or logged by moving a detector (20)
through the jointed tubular structure (12) on an elongated positioning member (22), such as a
slick line. As the detector (20) passes through each joint (18), it electromagnetically senses the
joint and responsively generates an electric output signal which is used to momentarily change
the tension in the positioning member (22). This tension change, which may be either an
increase or a decrease, serves as a mechanical output signal transmitted upwardly through the
positioning member (22), and may be plotted on a strip chart recorder (34) at the surface to
record the joint locations and correlate them to the lowered depth odometer (36) readings of
the detection system. Using this joint detection apparatus, correlative joint logging procedures
my be carried out for tool setting purposes without the necessity of utilizing an electrical
") conductor line.

Fig. 1,2.
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