VIELL TOOL SENSOR - 2 - This .invention rel at'es generally to e¥£§%;%ﬁ§?

r{cpordi ng devices and sensors for |ocating collars at 5

mote fromthe recording device. The present invention is particularly
adapted -for. using sensors to locate collars at a downhole |ocation wthin
the bore of an oil or gas well and to record each |location at the well
surface. However, the 10 i nvention can be used to neasure various
collar locations in other types of wphﬂg; For many years, operators of oi
and gas wells have been interested in neasuring various physical paraneters
associated with each well in order to 15 under stand the 49
characteristics of the underground hydrocarbon producing formation and to
optim ze the production of hydrocarbons fromeach well. Sone of the nore
frequently neasured paraneters are: a. bottom hole pressure and surface
pressure 20 when the well is both flowi ng and shut in; b. flow
rate versus pressure and direction of fluid flow, c. pressure versus tine
shbot h during pressure build-up after shutting in a mell and pressure 25
drawndown after resum ng flomr_' T

&
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- 2a - d. oil versus gas ratio in.the production fluid; and e. the depth at -
whi ch each paraneter is neasured. 5° ' U S. Patent 4,107,697 titled ?
Pressure Recorder with Power Conservation Means and U.S. Patent 4,161,782 -
titl oM croprocessor Conputerized Pressure/ Tenperature/ Ti me Down- Hol e

Recorder disclose well tools which can neasure and record sone 10 of
these paraneters. According to the present invention there is provided a
collar |ocator sensor for use in a wld 5 - tool for measuring various

paraneters at a downhole |location conprising: a termnal for receiving

el ectrical power supplied to the sensor and transmtting information from
the sensor; an electrical coil and pernmanent magnets whi ch change 10
magneti c coupling in proportion to the thickness of nmetal surrounding the
wel | tool; a voltage to,freﬂuencyeconv rter; a voltﬁge regul ati ng network

connecting the terni ndPifi tAVEREIEBNERIRERS{BeRALPIIY bR IS LR Mer to

the converter; a@e%k%%&ﬁgcéLvices and sensors for locating collars at

5 locations remote from. the recording device. The -
present invention-is particularly adapted for using
sensors to locate collars at a downhole location A
within the bore of an oil or gas well and to record
each location at the well surface. However, thé

10 invention can be used to measure various collar
locations in other types of wélls.

For many years, operators of oil and gas wells -

have been interested in measuring various physical
" parameters assoéiated'With each well in order to

15 understand the characteristics of the underground

hydrocarbon producing formation and to optimize the

€

production of hydrocarbons from each well. Some of
the more freéuently measured parameters are:
a. bottom hole pressure and surface pressure
20 ‘when the well is both flowing and shut in;
b. flow'rate versus pressure and direction of
fluid flow;
C. Ppressure versus time both during pressure
build-up after shutting in a well and pressﬁre

25 drawndown after resuming flow}
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‘13, .network connecting the coil and converter to transmt alternating
voltage fromthe coil to the converter; the converter producing a frequency
“output which changes as voltage is induced into the coil by changes in the

t hi ckness of nmetal surrounding the coil; and a 20 frequency adj usting
network to control the output of the converter to within a preselected, -
frequency range as-signed to the sensor. The invention will be desctiibed

now by way of exanple only with partd @d ar reference to the acconpanyi ng
drawi ngs. In the drawings:- FIGURE 1 is a schematic drawing, partially in 5
section and el evati ond.shedilngeagpsar gagsraniahinhthesppeduct hoacEit Hhce
with the present invention can be used. The recording neans |ocated at the.
wel | surface is shownand bl ock diagramform FIGURE 2 is a schematic
drawi ng of a downhol e 10 t ool Iocabed within_ a well bore. FIGURES 3A
and 3B are schematic $rawith§s 4RGN AG B r"'f:f‘oﬁgcbf PERB™8FBEt tFcal circuits
of the recordi ng neans andrp%ﬁer supply. FIGURE 4 is a schematic draw ng.
*showi ng portions 15 O ffe el ectrical circuit of the flow rate sensor

whi ch is gontained W thid the  dawahgleg bgel Itqfclgbgyliesgurg! feEbraets a

schemati c” draw ng show ng portions of the electrical circuit of the
St enper ature SensQfjth-Power Conservation Means and U.S. Patent
, 4,161,782 titled Microprocessor Computerized Pressure/
v Temperature/Time Down-Hole Recorder disciose well
tools which can meaéure and record SOmé

10



which is contained within the downhol e tool of Figure 20 2. FIGURE 6
is a schematic drawi ng show ng portions of the electrical circuit of the
collar | ocator sensor which is contained within the downhol e tool of Flgur§§9

2. - 5 3 I GURES 7A-7E are drawings, partially in section and partially
in elevation with portions broken away, show ng the nmechanical details of
the downhole tool in Figure 2 5 - 3 = FIGURE 8 is an enl arged

sectional draw ng taken along line 8-8 of Figure 7. This description is
made with respect to using a tool to measure various paraneters at a
downhol e | ocation within an oil and gas well. 10 Figure 1 shows a
typical well installation in which a collar |ocator can be used. Well 30
i ncl udes wel | head equi pnrent 31 at the well surface and casing 32 extendi ng
fromwel |l head 31 to the underground produci ng formation. Master val ve 33
and wi ng val ve #% 4 are %sed to control the production of fluids from
well 30 into su aé@eFFOHaFFWE §5S-A standard wireline |ubricator and
associ at ed equi pnent 36 are shown attached to the top of wellhead 31.
Standard wireline techniques are used to instal

According to the.present invention there is
provided a collar locator sensor for use in a well
5' tool for measurlng varlous parameters at a downhole
locatlon compr151ng- a termlnal for rece1v1ng
electrlcal powar supplied to the sensor and
transmitting information from the sensor; an
electrical coil and permanent magnets which change
10 magnetic coupling in proportion to the thickness of
metal surrounding the well tool; a voltage to
frequency converter; a voltage regulating network
connecting the.terminal with the converter to supply
electrical power to the converter; an electrical
15 - _ network.connecting the coil and converter to transmit
alternating voltage from the coil to the converter;
_the converter producing a frequency output which
_changes as voltage is induced into the coil by changes
in the thickness of metal surrounding the coil; and a
20 frequency adjusting network to control the output of
the converter to within a preselected frequency range

assigned to the sensor.

1



29~ .within and renove downhol e tool 40 fromthe well bore defined by
casing 32. Downhole tool 40 is attached to a standard singl e conduct or

“electrical line 41 with wireline winch 37 used to raise and | ower tool 40.
Si.ngl e conductor electrical line 41 is electrically 25 connected to
recordi ng means 50 which includes signal -5a- processor 60, pohek supply

70, four pen recorder or strip chart 71, and a conventional digital
conputer 72. Various analog strip char4 £ecords are *

comercially available for use as four pen recorder 5 71. The
specific strip chart recorder used depends upon the number of paraneters
bei ng neasured. For exanple, if four sensors are used to neasure four
different paraneters, Ther jinvemdion7yill brodegcrabedanoveB¥t VBuPLpens for

recordi ng each paraneter individually. A frequent test mhlcg i s conducted
on producing oi | SHAPRKE QRN Fith P&r§H&PlPﬁ ERESRERFeLFOcFB8ing wi ng val ve

34 and 05 measuri ng the bUIFP o) .0f do g ress re_versus tine. A plot
*of pressure ver s % %%%Pgb &51&89$a|n§ §'e §on concerning the
physi cal . characteristgfﬁhﬁg fiyg ug@g QE@ddQXQEHQarBQPtESif&VQhr The

accuracy of the pressure I'n
v 5 section and elevatlon, showing apparatus in which a

sensor in accordance with the present invention can be
used. The recording means located at the well surface
is shown in block diagram form.

FIGURE 2 is a schematic drawing of a downhole

10 tool located within a well bore.

FIGURES 3A and 3B are schematic drawings showing
pprﬁions of the electrical circuits of the recording
means and power supply.

FIGURE 4 is a schematic drawing showing portions

15 of the electrical circuit of the flow rate sensor which
W is contained within the downhole tool of Figure 2.
| FIGURE 5 is a schematic drawing showing portions
of the electrical circuit of the temperéture sensor
‘'which is contained within the downhole tool of Figure
20 2.
FIGURE 6 is a schematic drawing showing portions
« | - of the electricai circuit of the collar locator sensor
which is.contained within the downhole tool of Figure

2.



“tionin: greatly increased by sinultaneously neasuring the 10 tenperature -

-y

of the fluid surroundi ng downhol e téol_40. The present apparatus allows
the paraneters of pressure and tem perature to be sinmultaneously measur ed ¥
dogynhol e, transmitted to the well surface an a single conductor electrical
I'Tne, and recorded on both analog strip chart 71 and digital conmputer 15

72. In addition to neasuring pressure_and tenperature, other paraneters of
interest are the location of tool 40 & the vol ume and direction of any
fluid flow past tool 40. A variety of flow neters is available to sense '
fluid novemrent. 20 FHERREDNRaff R e tia"tingsy RAyiHAldad iy seawiong each

collar (not shomn% in the iﬁ?in of casing string as toaol 40 is |owered and
recording the to®3f RIMHEF 1§ @ T19T Withh BQrAs Prale™ a%agol 40 i s

shown as havi ng [:.Sen, te SERLS 4k resent ratus all ows .t he
nunber and type %}? tr?& g%%srgers calrcﬁle %@a]ﬁosoloﬂotht%gpqﬁoﬁt@f;ﬁ f°|° crifased
or decreased depegpghpg 2pon the nunmber of parameters desired to be neasured

and recorded. In addition to the follow ng sensors discussed in detail, the

present gpparatus wi |FIGURDOVE aid idhichlgla s AonaA fdﬂqun@hac%q(e%ensor or
a bottom hol e sanpler to be easily incorporated into tool 40. 1In the

past, it has beexldde Limersd 8 ppi®iquerd o7 sy un each sensor. separately to
obtain a continuous readout at the well surface of infornmation neasured by
the sensor or to use BhibwifRIEiRtEcyy dishgnafiey iwishninesp@st [doridsdagstaor age ™
capacity while ”Egﬁﬁ”iém%éggéiérgﬂlfﬂﬁi‘gﬂ?ﬁheters at a downhole ~
location within an oil and gas well.
10 ~ Figure 1 shows a typical well installation in
which a collar locator cén be used. Well 30 includes
ﬁellhead equipment 31 at the well surface and casing
32 extending from wellhead 31 to the.underground
producing formation. Master valve 33 and wing valvé
15 34 are used to control the prodﬁction of fluids from
well 30 into surface flow line 35.
A standard wireline lubricator and associated -g;
equipment 36 are shown atﬁached to the top of wellhead
312_ Standard wireline techniques are used to install
20 within and remove downhole tool 40 from the well bore
defined by casing 32. Downhole tool 40 is. attached to
a standard single conductor electrical line 41 with
wireiine winch 37 used to raise and lower tool 40.

Single conductor electrical line 41 is electrically

25 connected to recording means 50 which includes signal



ng;er Figure 2 is a schematic representation of an alternative well

| etion. Production tubing string 38 is disposed within the bore of 10
caS| ng string 32. Downhole tool 40 is shown suspended from el ectrical line
41 within the bore of tubing 38. The prefer- able sequence for attachi (rold
‘the sensors to wreline 41 is first collar locator 80, then either pressure
sensor 100 or tenperature sensor 120, and |ast flow neter or spi nner 140.
15 Col lar locator 80 is attached to wif&l+ne 41 first to provide an easy
reference for the downhole |ocation of the other sensors within tool 40.
Fl ow nmeter or spipheteddidr sé®ulpbwirefarppllyy 10e tfom b plenomesender wimen t ool
40 is suspended wthin a well bore so that the other sensors wthin tool 40
do 20  not bl ocksvripestaict7¥] wrd fd merpasttignaingrigizal Rowputedpply 70
provides direct current (DC) voltage which is transmtted through wreline
41 to tool 40 and7?s a¥apieimmnakP3 &YHe C‘\P&Y‘i%t@%ﬁﬁoﬁéﬁts of signal
processor 60. Each sensor within toaql 40 is assi a discrete fre- 25

wuency band or raf@BmPEFIALEY 33y tftqznd"ﬁen UL, kel &L PRE S ane,

| h | 4], A f f f
Cool 40 1 8%40-60 Art P Mediead | Sl Mn B0 p BRI, (B iBUERS C0 0T
sensor 120, 1500 Eﬁoglgge heddiBe £ ¥s S&%lf!]x?erté]@ bAMY Ghe@ldrle®. 255330 hertz

for w T et - pressure sensor 100. These

signal s can be tréﬂéxﬁ@iéﬁdlﬁlfaﬁr sensors are used to measure four
bt

different parameters, strip chart 71

&



taneog@ly as a conp05|te or conbined si-gnal and allow for real tine ;
anal y8is of the various paraneters bei.ng neasured at the renote |ocation. \g
Si gnal processor 60 dlscr|n1nates betﬁeen 05 and selectively sorts out

the freg ¢ al_,fr ch n . Recaqrding, .neans. 50 has .-
capablll$§&f§ gaggﬂe I'sp ay,°§§d§§§§p§P§ 519 [ﬁﬂg %Fé?d?af?%fgﬁbnputer
t he S|gnq% igg&;ggh renote sensor. Single conductor line 41 is connected
el ectricalTy signal processor 60 via termnal 74. A grounded '

connection 749 e T | t app
el ectrical I#nefb\%hq?%%\ggéc%@tﬁ useé'lt glsg s‘?é\%‘?@é%%ﬁdagt ggolh?é‘%é'ﬁ 1’°clg'n5| sts of

an el ecgakCakhysCaRAWe ishRtWie HHORRN] Byrc1dounElogdi Ry AsV¥Latingng
material. The outer |ayers of the 15 |nsulat|ng material are reinforced
by ggddi heaealnmgr amd $eeldupndfodonnaried gresaird ovekBdsWidigerestn This
outer protec- tive layer of line-41 is grounded and electrically attached
to connetbtr ofAgrebsared awrsusltinheovesmt provide ovaleableainférimhtaogh t he
center wire within line 41.to tool 40 and its 20 el ectrical conponents.
The ret conckrodmngatthe sphiaigaburiharsictedistimesof hé&heutwrdgargtaanmd ve
layer of line 41. The term"single conductor” refers t.o the center wire
wi t hi n hydgocarbps rmo@pplﬂ%@mumqu 7ther pnessuseclisformes
energy to wireline 41 through term nal 74 via current regul ating network
73. Prefépapbrn greativudnsrepeedsl bugsimultansonslyy measeringr &hetivel y | u

constant. Each sensor mhlch an _be attached to
10 temperature of fluid surrounding downhole tool 40, The

L3

‘present apparatus allows the parameters of pressure and tem-
perature to be simuitaneously measured downhole,.transmitted.
to the well surface on 2 single conductor electrical line, and
recorded on both analog strip chart 71 and digital computer
15 72, |
In.addition to measuring pressure and temperature, other
parameteis of interest are the location of tool 40 and the
- volume and direction of any fluid flow past tool 40. 2 -
variety of flow meters is available to sense fluid movement.
20 Location can be accurately determined by sensing each collar
(not shown) in the tubing or casiﬁg string as tooi 40 is

lowered and recording the total number of collars. 1In both

- Figures 1 and 2, tool 40 is shown as having four separate

[

sensors. The present apparatus allows the number and type of -
'25 sensors carried by tool 40 to be easily increased or decreased

depending upon the number of parameters desired to be measured

and recorded. In addition to the following sensors discussed

in detail, the-present-apparatus will allow a liquid level

sensor, a fluid phase sensor or a bottom hole sampler to be



--9; tool 40 requires a predeterm ned anount of electrical energy to
fygetion satisfactorily. Therefore, current switches 80a, |0Ca, 120a, and
140a are included within network 73. WWhen each switch is closed, it ca3§§s
t he required_amunt of 05 electrical energy to operate its corresponding
sensor t82FLdY ARSRFPaRAteduipIte 7P 4@r mi BRIl the. PRSE.pdithdas Reen his
witten ggscrigtiog,.gmﬁ ch 80a corresggnds to collar |ocator 80, switch

| 00a cor FRSp8fdE~TRy Brassufre E8nIBR $86R SGPEOR $2B3ra5PL¥sHongstRén 2

tenperature _sensor 120, and % 'gch 1iga 10._ _correspandstp...flow neter
1200 It CAREAPHPES| RFGRREPY EhFONBILd SEFSAFEOBE TA5OTPEELOR PEESHRARNG

i tch b d.w thi t h t i ti .al | f
2l ar e BonihelrSiEar ol bd bty Obtfiortl SRy BRIk OB 0.
Al hes i : ' . PV .
N nPBen Sty ERE" sibratel BNy AR & dN AGSnd ordl HRLD BELVBRKATD 1 °

limts ofekkpe 41. The characteristics of PNP transistor 75 and di odes 76
%fand 77 are selected such that closing the switches within network 73
changes the beggues tr a@siatiheffatald g Wkerditidn!'d €Nn f4 PYeLA P ROVer
supply 70 to.termnal 74. For the downhol e sensors discussed in this
“Switten desgﬂdﬁﬂ@mhtianxnng'either switch 80a or 120a produces an.

addi tional current flow of seven mllianps which corresponds to the current
requi r edPbpdadtion tatdimy SfrinigtB8pesadisposa®swittbin 4R, hoPeOSENT
eitzher switch | O0a or 140a produces an addi- tional current flow of

f ouieencaslihgagising G2 corPaapmils tool héd0cuisr attowre gusmshded pfesmur e
sensor 100 or flow meter 140. .

electrical line 41 within the bore of tubing 38. The prefer-

able sequence for attaching the sensors to wireline 41 is
first collar loca#or 80, then either pressure sensor 100 or
temperature sensér 120, and last flow meter or spinner 140.
15 Cdl;ar iocator 80 is attached td wireline 41 first to provide
an easy.reference for the downhole location of the other
Sensors Qithin-tooi 40. Flow meter or spinner 140 should
preferably be the bottom sensor when tool 40 is suspended
within a well bore so that the other sensors within tool 40 do
20 not block or restrict £luid flow past spinnér_140.
' Power supply 70 provides direct current (DC) voitaée
which is transmitted tﬁrough wireline 41 to tool 40 and is
» also supplied to the various componehts of signallprocessor

60. Each sensor within tool 40 is assigned a discrete fre-

A

25 quency band or range for use in transmitting information over
the same, common line such as wireline 41. A typical assign-
ment of fregquencies for tool 40 is 40-60 hertz for collar
locator 80, 200;400 hertz for temperature sensor 120, 1500 to

2100 hertz for spinner 140, and 8,000 to 25,000 hertz for



The el ectrical characteristics of the transistors, diodes, and -10- ;
resjstors included within network 73 can be varied to corres- pond to the gg
redtlrenents of the sensors used in tool 40. For the electrical circuits
shown wi thin this embodi ment of the pr€&ent invention, power supply 70 is
selected to 05  produce regul ated voltage outputs of +15 volts DC, +5

vol t s DC,Préssute ss@Gor ah@0 + 7. Bheset siguals Agannbet hygspsmitted simule
varied to correspond to the electrical requirement of the sensors in tool

40 and siEREOPFELASR FUNPADLte Py RempiRRd ssbInahAIE v gt Meareal

Si gnal progessor 60 ¢on f our arate el ectrjcal nal pr.ocessin
circuits BHRSHARD %%f)o?lg L Tt g v e VI I S

Each d I I . h
hgfzzmew%%éé binl” SRRSE b0 46 afLspbatealLy Wheeepect
compaoniafl s18ALH5R1GS S b6V ek A LNGRLy BiGiah S ohtn oooP

Varlous € cal t i €1 € u
functi ona%ﬁééic-ient |R%§6Eg%§aar§neég2ﬂé~I ﬂ"shg\%ﬂ% ;&'rsHélCal ocks V\nﬁf%;ntlél g&%gdgA.

Filter | GifspBayheahilr Yrepmonest iAptke to Pi0aggItal Wonfptter Othé he
signal from pressure sensor 100. Filter 140f is the first conponent in the

processi ngignauftohosatheremgbal sénsor. f| ow meter 140. Filter 120f is the
first conponemt in the processing circuit 25 for the signal from O
tenperature sedingle20ondfctorr 19ofe i4l t he connected electrically to _"
' 10 signal processor 60 via terminal 74. A grounded connection |
74g is shown adjacent to terminal 74. The typical, standard
electrical line which can be used as single conductor line 41
consists of an electrically conductive wire (copper) sur-
rounded by insulating materia1.  The outef layeré of the
15 insulating material are reinfqrced'by additional wires (steel)
and/or wrapped by reinforcing wire mesh. This outer protec-
tive layer of line 41 is grounded and electrically'attached to
connector 74g. The electrical flow'path is from terminal 74 f*
through the center wire within line 41 to tool 40 and its
20. electrical components. The return flow path is via ground
which includes the outer protective layer of line 41. The

term "single conductor" refers to the center wire within line

41.

25 Power Supply

Power supply 70 transmits electrical energy to wireline 41
through terminal 74 wvia current regulating network 73.
Preferably, the value.of“DC'voltége'atiterminal,74-remains

relatively constant. Each sensor which can be attached to

Y4



fiyrst conponent in the processing circuit for the signal fromcollar

quator 80. , Unique conponents for each of. these processing circuids vaI
be discussed |ater. In Figure 3B, the electrical schematic for the

ci | cui ti which processes the signal fromgcollar locator 80 is showi in nore
detail. The electrical schematic for the itens shown as blocks in Figure

3A-are siphbbRra4borbhaicel! ar precrterminedestoud® of NElddtriddl iHepye
val ues of resistance, inductance, and capacitance appropriate for each

i ndi vi duatosggnetiofii kheisBattopipyi seTherefores ohrredtcseischés 80d,capa-
citors 62 with the appropriate electrical characteristics to allow an

al ternati b@oayr 120t ,wand 140z dreqisotydednyétbinioetyork 960 Hihen to
flow through the remai nder of the processing circuit. Capacitor 63 bl ocks
DC curr enea¢homwdrtcly | g Fﬂ@sﬁémaﬂdde¢a%$e$h§hﬁrd@%ﬁ%ﬁ crpewnt of
Amplifier 64 accepts an AC signal fromfilter 80f haying .a relatively |ow
vol t 8§e aﬁHeFﬁéiéaéegnFﬁﬁvaPtQBSrﬁyeabBFoEPHﬁFéP?ngngcFSPSBF FPf§}°W15

"Gl e t GEERR] PPHBFoMURP IS al 89 GHBFREPRT @4 TRESORIC bR hnrHe | e

£ \ut RS ERAC e REoH fehCHER zgg%%@s%nggr&ézn@z@ R

produce NS Siyh e MERedlindy ops) phtagssl lBndan Ay, SBiee,

CLrETT Sl S 5 kA 116, a1 05

10 corresponds t@.-flow meter 140. If a particular sensor is
removed from tool -40, its corresponding switch should be

opened within network 73. ‘The preéent invention allows for a

large combination of sensors to be attached to or removed from

tool 40. Also, the number of switches that can be placed
15 within network 73 is limited only by the capacity of power

supply 70 and the current carrying limits of line 41.

The characteristics of PNP transistor 75 and diodes 76
and 77 are selected such that closing the switches within
network 73 changes the bias on transistor 75 and allows

. 20 current flow from power supply 70 to terminal 74. For the
- downhole sensors discussed in this written description,

" closing either switch 80a or 120a produces an additional
current flow of seven milliamps which corresponds to the
current required by collar lodatof 80 or temperature sensor

25 120. Closing either switch 100a or 140a produces an addi-
tional current flow of fourteen milliamps which corresponds to
the curreht required by pressure sensor 100 or flow meter 140.

The electrical characteristics of the transistors, diodes, and



0 ator 67 plus biasing circuit 65 conbine to act as an 25
agptWS.i er and produce an essentially digital output shown as square wave

68. H%ﬁoutput fromconparator 67 is next directed through frequency to

vol t age converter or denpdul ator 51. -¥Gguency to vol tage converter 51 is

pref er abl

oper at i onal

' ! '

avai l abl e -12- 4046 device sonetines referred

y a conmerci al i | ak S
b@%@d withkin ceetoask had eani be variedytof cpoxesbl e

to as a piesistankeine

i nputs and outputs. In the processing circuit for the signal fromcollar

| ocat or RPNYRR dheHRAVIFRASHFS ok e r’paaRs wsedbd v diadlgetbon: 05

verter or

de The squ t to co

transforned i ‘%ggﬁégf%%ﬁ?ﬁﬁbc {%ﬁﬁgﬁﬁt%ngogg_w*ﬁﬂggr 38Fé§b§d?FﬁP§sents
. . . . 5
50 downndis, U rRAESH itk ich . BolRETSLERISOA 18 SRIRRECH o lTLl o4

be

addi ti on

10

e e a per- nma

t | ' f 1 can
o W PESTRe FoqulBei8loottand eltchienus) A IR 000 Bl

ent record of
col lars ggnseds byol 8! pd). adle+past belikar a2l INaAlgaRhOCehuRd Il to

in Figure 3B uses only an anal og output from device 4046. The other 15
si gnal prsgesatigd CtoChokeespont b ftheulededhrilceduaRdquidichdrd ox/tgnd in

own
5

to the anal og signal. Collar Locator and Characteristics Common to
each Senssendgoxgirin ccadbvl tdared esibgrial qatowessnr t6For col |l ar | ocator 20
sensor 80 which can be used with tool 40. A critical conpo-

Signal Processor and Recording Means

15

20

25

Signal processor 60 contains four separate electrical
signal processing circuits which correspond respectively to
onelof the sensors in tool 40. Each processing circuit is
connected in parallel electrically with respect to the compo-
site signal at terminal 74 from wireline 41. The first
component of each processing circuit is a filter which is
tuned to accept the frequeﬁcy band of the sensor assigned to
the processing circuit. Various electrical components within
each processing circuit are functionally identical and are
shown as blocks within Figure 3A. Filter 100f is the first
component in the . processing circuit for the signal from.
pressure sensor 100. Filter 140f is the fifst_compqnent_in
the processing circuit for the signal from flow meter 140.
Filter 120f is the first component in the processing circuit
for the signal from temperature sensor 120, Filter 80f is the
first compongnt-in.the processing circuit for the signal from
collar locator 80. Unique components for each of these

processing circuits will be discussed later.

R ¥
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nept required by all.remote sensors used with the present invention is a DC
veltage to frequency converter. The elec- trical synbol assigned to this
conmponent is Z1. DC voltage to frequency converters satisfactory for use in
the el ectrical 25 circuits of the seflders of tool 40 have the conmerci al
destg- nation of AD537JD. Converter 81 transforms DC voltage recgived from
resi stor 125 imn)Enguxes3§nathﬂhBénctglpﬁ&n§ﬁmﬁméGl¢iéqnﬂﬁhﬁcﬁ%#hﬂﬁﬁand
124 to termnal 46. An electrical coil (not shown) -13- supplies a | ow
fr equency whdahmurocassamtithe sinad dxfmadilan ieratay §hel§ rERIBhAR of
Its output. The frequency of this ACjnput is a functioon of the .rate of

travel of RexHRJIe a:’vm t Fﬁl?'ﬁt e‘f%‘i?gi/ csgési??fﬁa.tl U RS TTME HOTR AR

- from 05 ontact, 82 .is_|esg than 20 .hertz w t r el i_cal

: Pﬁr manelnt 9(?&9?1& s %‘&g% 4% sdtﬁrg'irltalro?lteod t\t}(}l@t %or%‘q'lao@c 21%3%4’3% ?(%jg gtce)eé%t to

-the coll. ; S a Cle 82,1 ctis etic

coupl Thg BEERHEREE, BLEC Bllvel v MRS Qe PrekpfantSr) AAEuEEANCE, TR

“toupl ing S ddbitlidbd dppidpmd ddie dduit kiaRas ifudin@ igaal. t ubi ng and/ or
. casing su_r_r(}tndlf ng_too% 40:;& When col | ar | ocator 861 noves through netal

i tubing having ariméd©rgo# he Ses lat§érios 0P induoterss @Enandteapat

: contact 82. Converter 81 produces a 15 constant 50 hertz output with zero
i AC vol t agecitrgats 62 owitnnthet appropbtateokllectiricalochdapkesdstics to

: discontinuity -

PO allow an alternating current within the frequency range of 40

10 to 60 hertz to flow through the remainder of the processing
circuit. Capacitor 63 blocks DC current from entering the
remainder of the processing circuit. Amélifier 64 accepts an
Acléignal from filter 80f having a relatively low voltage and
’ﬁncreases thg voltage by approximately a factor of fifty.

15 Biasing circuit 65 consists of ﬁhe requiréd resistors, capaci-
tors, and diodes to satisfactérily operate amplifier 64. - The
output from amplifier 64\is approximately a sine wave as
represented by waveform 66. . Fluctuations of the signal from
collar locator 80 betweené40 and 60 hertz produce waveform 66.

20  When the signal from collgﬁ locator 80 is a constant 50 hertz,
the output from”amplifieri§4 is flat. Comparator 67 converts
waveform 66 into essentially square wave 68. 'Device IM 339 is
satisfactory for use as comparator 67. Thus, amplifier 64 and

comparator 67 plus biasing circuit 65 combine to act as an

"

25 operational amplifier and produce én essentially digital
output shown as square wave 68.
The output from comparator 67 is next directed through
frequency to voltage converter or demodulator 51. Frequency

to voltage converter 51 is preferably a commercially available




wi thinpgubing 38 such as the increased netal thickness of a collar, the
“magnet1c coupling with the coil changes causing an AC voltage to be N
generajed at contact 82. 20 Converter 81 is preferably tuned so that™
an‘inclease in input voltage causes ah2+ncrease in frequency output to
approxi mately 55 hertz. As collar locator 80 noves away fromthe collar,

vol tage 48#A6sdevieecsomekiimesdaaferned fixsian a tphase plockedqleopy oA
converter, 8] to decrease to approximately 25 45 hertz. Wen |ocator 80
returns #8VACBofPEBNDEE RuBidg ¥BThEHYNETuRPEELRLRalnPUkECRNESOULPhES.

vol tage generated by the coil w.ll be essentjally zero, and the output from
converte nS%EﬁiPFoFéFﬁﬁ?%(?ﬁﬁ?Qhﬁwégﬁrih%ﬂ?l tEFPmsgohdpElocators. The
electric Ci L. f,Qr, C | Qcator 80.has_sever al aragteristics in
conmon m??ﬁ PﬁgggFeg?ﬁPcﬁdéﬁﬁﬁéﬁ £3 & FE%%%?%f%rg°s§E33P SIS i n

Fi ggse Syapdel! 8 rShowg o elvNg : jrcyit has a :
vol t age Yo f?gqugpggﬂ%ghléég\fert\grﬁelzigq\%m C %Fgrgeil\igs%qeﬁg&t%n&ﬁr | from
term nal 146traAskEobfied?dntolalc VOlitadd VMgt VM ML | O4S T ogi gt HES, :
capacitors and di odes unique for each Circuit to supﬁ%y the desired vol t age
fromlineoledgeo repriydmis ZanaRthalley Seighdl eberBBpofliifgchdi £AMI L.

Resi stor 125 and diode 90 are 10 | ocated within each sensof to function as it
a vol t agmagrgtiat icompidingorsetmsedeby tlacdtod 86 dotnhbdel,esird i B¢ sensi ng

el ement and converter for each sensor. Diode 90 is included within the S
vol t age Ye4tpgei 4§ directed through current amplifier/buffer 84 to -\

7

10 contact 85. Various.strip.charts such as four pen recorder 71
can be electrically attached to contact 85 to provide a per-
manent record of collars sensed by tool 40,

The particular signal processing circuit shown in Figure
3B uses only an analog output from device 4046. The other

15 signal procéssing circuits'shpwn in Figure 3A produce a

~digital output in addition to the analog signal.

Collar Locator and Characteristics Common to each Sensor : o

Figure 6 shows the electrical circuit for collar locator
20 sensor 80 which can be used with tool 40. A critical compo-
nent required by all remote sensors used with the present
invention is:a DC voltage to frequency conveiter. The elec-
trical symbol assigned to this component is Zl. DC voltage to -
' frequency converters satisfactory for use in the electrical
25 circuits of the sensors-of'tool 4d-have the commercial desig-
nation of AD537JD.
Converter 81 transforms DC voltage received from resistor
125 into an AC signal which is transmitted via resistors 123

and 124 to terminal 46. An electrical coil (not shown)



network to ensure that only DC voltage Is directed to the 15 respective
sqgslng el ement. Diode 90 provides a direct path to ground for AC vol t age.
Diode 90 also limits the DC voltage supplied to the sensing el ement and/ or
converter- 21 to bel ow a presel ect ed valyg. The output from each copverter

- 21 is returned to termnal 20 46 via resistors 123 and 124. Caﬁanltor 93
i s | ocat edsiyppyees dheswe Evaquefcgt ACSihputi bitelconfactmBee 1 dsmvarkter

- frequencies. Resistors 123 and 124 plus capacitor 93 partially define the -

. out put cirglitofwaryother feeq@dnc ¢f efeenuytpegul hegf resgwendy k3 tisisl so

: connected to 25 each converter Zl to control the AC signal output of each

: converter Z¢ doppwukt Bisn aa Punskiontefl thequetey ofapravedapRiti sensero8ois

¢ part of the_ frequency regul ating network. Another commpn. characteristic

i of the elé%%?h@ﬁlt&%xiH914Q%°4$kﬁ%ens§P§QE§ééYvnQHﬁﬁpﬁ%séﬁPWﬁnﬁﬁﬁmon i s

i termnals 46 and 4 Term n f the first sensor t ool 40, recei ves
- 2, is, TASR JEnet o2 e

i DC cuf? ent SPRBATHo

hertze vith 3 B8r O SFrHZ thrint

tturrent avgilable fromline 41 flows through the electrlcal circuit for

..

Sendshual. ShbapddILERASNLIANIS

l.llﬂlllllill‘l"ll"l' NN e e R L PO UL T CEEN LA S LU RO RO AL R DMLY

i that sensofYBhG®the remainder of the current is 05 directed by line 48 to

%Fgg}p?Laﬁry connec?ffi‘%inléesn{a'rn--e ng$é57§§¥§Qﬂem%#€ggﬁ%ﬁ%&géggg?@i§ﬁi?his

: manner, thegosgRSLT 80AILIfRMRCt €9 kRePAA o ﬁl@cbblﬁﬁbéy piddent retine

41, Each sensor- renmoves 1ts required amount of electrically energy from 10
: Wikl i ne 4doABsctr8PSHit 8 EQActEBRI BENEhel pakhbedk ©8EPUYngObetwéen the

10 permanent magnets and the coil. The magnetic coupling is in
turn a function of the thickness of the metal tubing and/or
casing surrounding tool 40. When collar locator 80 moves
through metal tubing having a uniform thickness, little or no
voltage_is generated at contact 82. Converter 81 produces a

15 constant 50 herti output witb zero AC voltage input from
contact 82, When collar 1ocatof 80 passes a discontinuity
within tubing 38 such as the increased metal thickness of a

s collar, the.magnetic coupling with the coil changes causing an
~ AC voltage to be generated at contact 82.

20 - Converter 81 is preferably tuned so that an increase in
input voltage causes an increase in frequency output to
approximately 55 hertz. As collar locator éO moves away from
the collar, voltage across the coil will decrease causing the
outpﬁt frequency of converter 81 to decrease to approximately

25 45 hertz. When locator 80 returns to a portion of tubing 38
having uniform wall thickness, the voltage génerated by -the

"coil will be essentially zero, and the output from converter

81 will return to an approximately constant 50 hertz.
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ow ng sensors. Due to the parallel electrical connec- tions,

of one sensor does not cause failure of the other sensors. 15
ure Sensor A detailed description. of tenperature sensor 120

g its electrical and mechani edld-conponents is contained in U'S

for tem peraftbee edecsaricl) ciflcadit.ifal quider tloapmt&) denssederhl s
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a tenperature

element of each circuit. Resistor 125 and diode 90 are
located within each sensor to function as a voltage regulating
network between terminal 46 and the respective sensing element
and converter for each sensor.

Diode 90 is included within the voitage regulating

~network to ensure that only DC voltage is directed to the

15

20

25

respective sensing element. Qiode 90 provides a direct path
to ground for AC voltage. Diode 90 also limits the DC voltage
supplied to the sensing element and/or converter 21 to below a
preselected value.

The output'from each converter 21 is returned to terminal
46 via resistors 123 and 124. Capacitor 93 is located- between
these two resistors to filter or.rémove undesired frequencies.
Resistors 123 and 124 plus capacitor 93 partially define thé
output circuit for converter 21.

A frequency regulating network 131 is also connected to
each converter Zl to control the AC signal output of each
converter Zl to within a preselected frequency range. Capaci-
tor 91 is part of the frequency regulating network. Another
commonpcharacteriétic of the electrical circuit for the

sensors used in the present invention is terminals 46 and 47.

27

4

Figure 5 shows the electrical circuit draw ng

“)



13 ‘'sensitive resistor, a thernocouple, a thermstor, a silicon resistor,
on_a platinumresistor. The nain requirenent is that sensing el enent 127
change its current output in porpor- =Bon to its tenperature. Line 1283}
directs DC currint fromel enent 127 back to 15 summng resistor 92. The
vol t age GPOPF*BEF048 PEsitBEofigsts SEPEPEs 1an tepdctPi sgceivgst DCo cramenthe
frequency_out put of convert 121. Resistors_129 and 130 provide a stable
ref er - eﬁt@mc P&t %qﬁpkﬁkﬁai%ﬁatﬁlFﬁElEﬁaﬁéhngAuRQQ#ﬁoﬁr@ﬁ1§éﬁspﬁg

I t e . E dj ' t k 131 controls the output
of Conver FEF=30 B iAo, S CbErb o Bba HPURGREP e gie FefechEiCal
lectrical citoui : ! Y . di usti ¢ Kk 131
Cel oct odCtECEEL £ MRt fhcR [T P CRERC AR CBuPRu i GTHPRRR 18 121
t ist hi g4 - 3 f__20 {Z. 2T, tput f
conger  en ESEePECHY TR ARORS kernloalhAY SRR 46 R T et "
resi stor geaddrand thdh sl YR cé.’% BE0AgLZi20 tlgr Wdidle 4?:6%%9@:?]9&?913 the
12 & I gha (ﬁ 0 her

1 owest t enperat ure t hat sensor can report. z at

term nal mdfialepresgniaet Becbieahagt sbaERe At 48 thitl i , THES can
report. Sensing elenentblz7 (Al QEKF) 'S selecté& ﬁgn?EE? ?ﬁ%%ngé%%Ehcy

Tange coarespondectedaiheparagialuedetdtdealiyl ¢ith Wine148 14160t Rach
el ectrical power fromternmnal 46 to 05 terimm nal 47 bypassing the

ekigtricabnsoﬁbmamnVESOEtBewpqud&uaeamount of electrically energy from
'10_ wireline 41 and transmits the remaining electrical energy to
the following éeﬁscrs; Due to the pérallel elect;ical connec-
tibﬁs, failure of one sensor does not cause failure of the

other sensors.

15 Temperature Sensor
A detailgd descriptionwof temperature sensor 120 including its
electrical and'mechanical_components is contained in

U.S. Patent No. 4417470,

20 ’ Figu:e 5 shows the electrical circuit drawing for tem-
perature sensor 120. Electrical power to operate sensor 120

is supplied by electric line 41 to terminal.46._ The circuit

(3]

" in Figure S is designea to operate with a 12 volt DC inpuf.
Various alternative eleétrical circuits and power.sﬁpplieé
25 will be appareht to_those skilled in the art to carry out the
function of temperature sensor 120.
| Line 122 supplies DC energy from terminal 46 to. DC
voltage to frequency converter 121 via appropfiately sized

resistor 125. Resistors 123 and 124 plus diode 90 function.as




sensay, 5420. Preferably, termnal 46 is |ocated at one end of the tool ,
carryﬁﬂ sensor 120 and terminal 47 at the other. This configuration allowg ;
el ectri,cal line 41 to supply power to the electrical conponents of sensor ’
120 and to pressure 10 sensor 100 atléached to terminal 47. Electrica
Operati ng Sequence for Tenperature Sensor DC el ectrical energy flows from
term nal PEEt PHuthel Vvpdtage degulediimgomed®nio sypplyingoelecteical2l. DC

energy al so 15 flows fromtermnal 46 to tenperature sensing _elenment 127
via i ne PRYET ey eenyeqber Lal-| | FRe12dectypgajaresistapre melaer fan flow

~through el enent 127 chan in oportion to.changes in the_tenperature of
el ement FEELSERRS vjof aggggroﬁ“&rsr&é LBMTRRGCPe %5t BRI ¢ 0PV ddq he

input to ‘%&% rése{%%eé%erpa{{ﬁlgeasr%trgengaflﬁé)' f‘requency of converter 121

in propofilon 0 re of ‘el ‘The alternating current

MC)qsout put Ux,%g_rﬁrﬁr&ifé@eg' 3;h£r BE Goe vaiiad e g%é% egle;&fﬁyt ne d'

122 10 term na e signa romtenperature Sensor rans

to 25  tarBvil F4s¥kBop NEly NEo4tempbiralttirel 24ind ihe' @laeAE0OGESFOr 60 is °
tuned to accept the signals within thé frequency range assigned to

t enper at Wral Devibds Ind) tls l&2Woninfeddintlyo irval 1ab Id @SAR afuridd er
80f except for having different values of inductance and capacitance. The *
out put frS80KH [wieicH 2fdn ilse used € slemendVvE23i gnothéavaegisesr sguessy
corresponding to the tenperature of the well fluids surroundi ng-sensor 120,
Thi s si grédctiornelar disectedsensingrelevent aa{l ihicdudes avtenperature
| 10 sensitive resistor,.Q‘ﬁhermocouplé, a thermistor, a siiicon B
resistor, or a platinum resistor. The ﬁain requireﬁent is
that sensing element 127'change its current output in porpot-
tion to its temperature.
Line 128 directs DC current from element 127 back to
15 summing resistor 92. The vo;tage drop across resistor 92
supplies an electrical input to vary the frequency output of
converter 121. Resistors 129 and 136 provide a stable refer-
ence current for addition to the changing.current from sensing ;;
element 127, -
20 - Frequency adjusting'network 13%ﬁcontrdls the dutput of
converter 121 to within a preselected frequency range. For
the electrical circuit shown in Figure 5, frequency adjusting
network 131 is selected to control the alternating current
(AC) output from converter 121 to within the frequency range
25 of 200 to 400 hertz. The output from converter 121 is di-
rected back to terminal 46 through line 122 via resistors 123
and 124. A signal of 200 hertz at terminal.46 represents the

lowest temperature that sensor 120 can report. A signal of

400 hertz at terminal 46 represents the highest temperatue



i ncreases the strength of the signal and converts the sine 05 wave si
tq_a square wave signal. Frequency to DC vol tage converter 57, m@;ch
contains a 4046 device (or phase |ocked | oop), receives the signal ¥rom
amplifier 56. The 4046 device within fyequency converter 57 denodul at es
the signal and produces an anal og output for tenperature on line 58. In
thi's 10  tlespesdnse V20 tedn Srepottics | Send ity Sel@merst COZVe(ABSISHRF) nig he
signal processing circuit for collar |ocator 80. However, frequency
converter s¥ledtad ssmdthatsikhhal freqheagye rengeulddrredponds3Glo vdi tém-
produces a digital output for tenperature on line 59. The digital output is
obt ai ned BexAYuRe iTAPINCL510%iRy ke H30ARhe 4046 device through a pair
- of decade counters shown as frequency nmultiplier 301 on line 59. A device

4017 is satisf dektR y4Bodigestas elertodmaloobever fremi feamiaad réki o

11 1P Ehar T rha L SH 44nL [ SLAE Gtk Grdnpieniss 4% tarpeaive

' ter 7 T, hanj cal . confj guratjon of .| ter 140 i
Shown 1 AR ARG Bed PR bR EL AR TAS T 15FaTeq | o BR FRasE 100
i's shown ig,Fi d ' t 0t
posi 11 on 1 it 1 25X ATTHERGE SPOEHE TRl AT sholbe’ Ml © °

t ubi ng 38 e OfokASd o [ caid ' flyyi dopr, '
formation. Tthopo§?€?%%§%§ vgyy?$egi%§grfb%%9ghﬁe 4 do s%%@ﬁ&n%ower

Pt to the electrical components of sénsor 120 and to pressure

10 sensor 100 attached to terminal 47.

Eléétrical Qperéting Sequence for Temperature Sensor
DC electrical energy flowé from terminal 46 through line
122 and resistor 125 to oéerétg converter 121. DC energy also
15 flows from ferminal 46 to temperature senéing element 127.vié
line 122, resisfor 125, and line 126. The value of the DC
current flow through element_127.changes in proportion to
changes in the temperature of'element 127. The voltage drop
across summing'resistor 92 provides the input to converter 121
20 to vary the output frequency of converter 121.in proportion to
‘the temperéture of element 127. The alternating current (AC)
6utput (temperatufe signal) from converter 121 is directed via
line 122 to terminal 46. _
The Signal from témpefatufe sensor 120 is transmitﬁed to
25 terminal 74 via wireline 41. Filter 120f.in signal processor
60 is tuned to accept the sigh;ls within the frequenéy range
assigned to temperature sensor 120. Filter 120f is function-
ally the same as filter 80f except for having different values

of inductance and capacitance. The outpﬁt from filter 120f is



counting coll ars as tool 40 is lowered. The well is then allowed to o
produgpyat a desired flowate. For this test, flow neter 140 is not s
requiTed to determ ne the absol ute vai8re of flow such as 200 barrels per
hour. But rather, the signal 0 fromflow nmeter 140 is desjgnated as 100%
flow THoPUGHE e ﬁg&ﬂayl I?'E\h@r% 3 SHETIR T LR IRARIIT R ¥R t he :

per cent i s;test allows detection gd or

e cha einffltwratf %’g _ e](r?zn; da
pl ugged FERSEATTSH LT AR Bt hab ARt GFe SEFEPHEGPSs S5 v et on TREF hat
pressur e, efatyre. a ol,] Location.c éﬁa 4 Ul taneous
rreasu_re%l\ﬂ%%qg i|"ggc%){re Fn%rceténteeﬁléo(\g/)v PRC é?%é’f’g‘\%lo% ,lfss‘é%%{r g?ew?lg'g}h)s/ have
been | ngrallead ANALTBLELOY, SERAHE MEET NEnd! (BRERLADIAD Ling same
i nfor- mation Ich s very expensive and time consumng. However, _
si gl t aRReNs dRAUUI Y o sdiiese WhbbeseghaRdr aPREELENYSS tRODCL Yo HRQRSI bl e
A'so, it is very expensive and sometinme$ inpossibl'e to duplicate the sane
vel | condidveiitfed 37 fapRitBStol¥agash a N46 dadisenser. phhded ffidchua
adj acent to flow nmeter 140 inpinges upon propellers 141 causing rotation of
shaft 14op)t ackhsse ivey eite Signalll £edd | aRpLLONEACSS. 148he 14446 2advide
surround shaft 142. Magnetics (not shown) are carried on shaft 142. and
cause elwdpttrircafrequencys cmveriderheS7 1dsmatidvl ataes 1dhet Gitfmesle asdshaft
142 rotates the magnets past each switch. The speed of rotation of shaft
142 is popbssrex analde owtpat tfooftempersturé | ondlihewbBg past this
propellers 141. The speed of rotation is determ ned by counting the nunber
of X0 osR&SPeSt s\eRYREten 357 1 fanciignElhe rsane a2secoovedterndl rirer val .
The direction of fluid flow past tool 40 can_al so_be determ ned by .
“recor di fghe LRI PRICSFSIRT CPLEGR B HERT 19081 1284106aB0F480¢| oBewever,

frequency converter 57 also sends a signal to frequency multi-

plier 301 which produces a digital output fdr temperature on
line 59. The diéital oﬁtpﬁt is obtained bj directing the
15 signal.from the 4046 device through a pair of decade counters
'shown’a; freqﬁeﬁcy'mhitiplier.301'on line Sé. A device 4017
is.satisféctbfé for use as a decade.éounter ﬁiﬁhin.this
circuit. Thﬁs;'an ahalég temperature signal is available at -
terminal 137 for use by strip chart 71 and a digital signal at
20 terminal 138 for use by computer 72.?_

SNt
Y.

Flow Sensor

lThe mechanical config‘ﬁia‘tion of flow meter 140 is shown
in Figure 7D and 7E. The electrical schematic for flow meter
25 140 is_ shown in Figure be
| A f.reqﬁently conducted test 1s to lower tool 40 to a
pésition immediately ._ab.ove tﬁe top of p.erforations (no_t. shown)
tﬁroﬁgﬁ tubing 38 and_/o;' -casing 32° communicating with the

fluid producing formation. This position is verified by .



-20- The basic design theory for flow sensor 140 and its associ ated signal
pdgéessing circuit within signal processor 60 is that a constantyfrequency
signal of 1800 hertz repre- sents no-flow (no rotation of shaft 142). A
shift in.fre- 05- 'quency to 1600 hertggLepresents flow in one direction.
A shift in frequency to 2000 hertz represents flow in the opposite

di recti oncouhathgf lequairey ashtdéli sof @ Rowedad. Vorne Shell dur algyn which
produces a spi ke or pulse representing rotation of shaft 142. Thus, the

i nf or mat i edlowetatreprodubenatOa debéredgfidbwtaten | Porsthiortdd, i Slow
determ ned by counting per unit tine the frequency shifts above or below a
base or cagter f48gdsnaptamedningst dridetrermine iaicaldolwiee fvalwenocs
shift. Pul ses per unit tine are froportional to flowrate. The val ue of the
f r equency E$RFf SUChdiast 220 t haraet ecPrsn hourh| uiBRY |vakhers, the sighal

el eclygi cal cirgﬂ; shown in Figure 4 is contained on_two individual circuit

boar d2 156*8fd t18¥ &?tﬁ’fb\&r‘]‘?oo)ﬁ'% gtenatrRd 29nk083 r ELPY- bodPad 40e is .
The el ecr FPEE SRHEF  L8RERRS Pakt Eie BELEATREIONS KRMERCPER ARl | abl e
1 ow ot P CuFEERagPochahal £ kB8 Shee irhig hEEh B0 dorebion e,
e bt ofeEgel RABILGTR pELRUAELRL, 2\ BOHAR ARk bE Ophenn ! O
4"~ bypaspraBent! iihehion ersicERyt 2greskupe , NdeMpdratdbe Bned! L80Ear

regul ating
10 location can be simultaneously measured while recording.the
flow rate. Previously, separate tools have been installed and
removed by separate wireline trips to obtain this same infor-
mation which is very expensive and time consuming. However,
simultaneous recording of these different parameters was not
15 possible. Also, it is very expensive and sometimes impossible
to duplicate the same well conditions for each test by each
‘individual sensor.
Fluid flow adjacent to flow meter 140 impinges upon
propellers'i41 causing rotation of shaft 142 attached thereto.
20 Electrical contacts 143, 144, and 145 surround shaft 142.
Magnetics (not shown) are carried on shaft 142 and cause
electrical contacts or switches 143, 144, an 145 to close as
.shaft 142 rotates.the magnets past each switch. The speed of
rotation of shaft 142 is proportional to the velocity of the
25  fluid flowing past propellers-141. The speed of rotation is
determined by counting the number of closures of switches 143,
 144, and 145 during a selected time interval. The direction
of fluid flow past tool 40 can also be determined by recording

. the sequence in which switches 143, 144, and 145 close.




network.partially defined by line 122 and resistor 125 and di ode 90, and DC .

voltagéoto frequency converter 146. These conponents function in the same k,

manner as di scussed for tenperature sensor 120 and col l ar |ocator 80. -

170, contact 155, and line 171. The DC voltage i's the amount avail abl e-

after DC curreDhef basdct idauigh rebéstpr £625.£IAehsonbdeN 1143, ankt4ie@nd 145
is connected in parallel with 05 line 171 via a correspondi ng resistor :
173, 174,assdcigted ©hgnsildprotesspagi icdrciii2 iwditdioctsiqmedl ypeoseessed to
the line between switch 143 and resistor 173. The other side of capa- citor
172 is cobhedfelbrs g constandefinaenapaiqnak af721800 bemtacteprien t he
same manner_bet ween smntch 144 and its_10 _resistor 174 and switch 145 and

its resi sFOREE7RBO-TYRK, (DR F&RHIOR °f, shafit 3A2)45 As shififedin tfree-

175 ted t W h
cwi 120 1480885% 257 18pe Herl e eﬁ%e%m%ﬁaf‘ig?fgﬁ%oﬁwi Treetgpntnon

g e 56, RS 0

172 is charg to are €144, or
145 is cl 9sg8sicel dLRbcELON, OCBNER %Pégggﬂﬁghshsf rggpee&i' ' B 953l 1&132' ,

174, or 1 and the associ at ed capacl 2 |schar oatre

| ow or zesKo®l 8ag8tidR which ﬁﬁ@&ﬂdéﬂfhjéﬁﬁké85r %ﬁisl8§ g&%thEﬁﬁ -
connected to one correspondi ng switch 143, 144, rters ar used
to rotation of shaft 142. Thus, the 1nformatlon contained within
10 the signal from flow sensor 140 is determined by counting per
unit time the frequency shifts above or below a base or center
'frequencj and by detefmining the value of the frequency shift.
Pulses per unit time are proportional to flow rate. The value
of the frequency shift indicates the direction of fluid flow.
15 _ The electrical circuit shown in Figure 4 is contained on
two individual circuit boards 150 and& 151 as shown by dotted
lines. The circuit boards are electrically attached to each
other by.contacts_152, 153, 154, and 155. The electrical
network shown on circuit board 151 is commercially available
20 to determine both fluid flow rate and the direction of fluid
flow by a flow meter which closes switches 143, 144, and 145,
The electrical circuit shown on circuit board 150 is required
- to allow flow sensor 140 to function as part of downhole tool
40. Circuit board 150 includes terminals 46 and 47, bypass
25 line 48, frequency adjusting network 131, a voltage regulating
| network .partially éefined by line 122 and resistor 125 and
diode 90, and DC voltage to frequency converter 146. These
components function in the same manner as discussed for -

temperature sensor 120 and collar locator 80.
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snDoth out or elimnate chatter caused by rapid opening and closinng of its
asspci ated switch during conditions of high fluid fl ow past Qg?pellers 141.
Al'so, inverters are used to 25 produce a very low or zero signal when its
assOciaied switch is open. Wien there-2%=-no fluid flow around fl ow neter
140, each switch 143, 144, and 145 renmai ns open. This causes each capacitor
172 to be char §édvbdtagki ¢ sabpéipdotbdismgtahpssil43t,i Ld4er andghidisSnmiia t o
each inverter 183, 184, and 185. Thus, -22- the output from each.
inverter 18ge igﬁrzﬂﬂ?tﬁﬁilkﬁialind\kﬂmﬁab?lzerBheuDCng°h§ageuna fthew
conditions. A device CD40106BF is satisfactory for use as inverters 183,
184, and f@gunthévaaéﬁaﬂefPéﬁﬁéaeﬁ FHvERREr £10Ws thXoughd ress sterdil2ses

S %?a#?ﬁo% (Gcb U3 o T A 48 ohe S CoRpRHE LD BRTadlak: MHED ( he
out OB 11 aAPROR da i BeCotnasrhidind Fektaset 1130 374,,88 ’1?%0 e, he
‘torres- Qégep%'fd'é&alél\fgrt ef?ﬁefgsefe&ﬂfcﬁlfoéhﬁhé@t?a 9pg! Ly &Hnter ! ps

NOR gate 1 produci'ng zero or |ow output unti e swich 1's reopéned.

Duri ng OnBeQQQBhe%ﬁlE%HOhHE'QBdOEe§E§Ebr1433 eagheS Wrheh %&ﬁe 3@4c d 145
opens and closes once. This switch action causes three pul ses by gate

186 from ttigomon@ lis ldonnddd otd pgtotifdzer adehtliewl odapdicitotenghor e,
the rotation rate of shaft 142 within flow sensor 140 can be determ ned by
cownt i ng alte wonhectetl iarahaﬂsanermannértbétwﬁemnswiﬂehl8l4 and its
10 resistor 174 and sw1tch 145 and its resistor 175. When each
switch 143, 144, or 145 is closed, the corresponding resistor
173, 174, or 175 is connected to ground. When each switch
143, 144, or 145 is cpen, no current'flow occurs through the
corresponding resistor 173, 174, or 175, and the associated
15 capacitor 172 is charged to a relatively high voltage. When
_each switch 143, 144, or 145 is closed, current flow occurs
thrbugh the corresponding resistor 173, 174; or 175, and the
associated capacitor 172 is discharged to a reiatively low or
zero voltage.

20 Inverters 183, 184, and 185 are directly connected to one
corresponding switch 143, 144, or 145. Inverters are used to
smooth out or eliminate chattef-caused by rapid opening and
closing of its associated switch during conditidns of high
fluid flow past propellers 141. Also, inverters are used to

25 produce a very low or zero signal when its associated switch
is open. When there is no fluid flow around flow meter 140,
each switch 143, 144, and 145 remains open. This causes each
éapacitor 172 to be charged to a high value providing a posi-

tive or high input to each inverter 183, 184, and 185. Thus,



and dividing by three. Shaft rotation can be converted to fluid flowrate .

by mul. :
.the di4®ction of fluid flow, a logic circuit including flip-flops 176 and "
177 is -contained on circuit board 151.340 addition to NOR gate 186, the
output frominverters 183 and 184 is directed to flip-flop 176. A 25

devi ce CDER4 3BItpatsetomf 8atRr Invertese1ss, f184p; fan@s1456iangd 1dw.value
Flip-flop 176 is selected to produce high or positive output when switch
143 cIoSeerbeénoedawhhghnb4£ldﬂa:ﬁMdmﬂcdhﬂhuﬂanEx;fArdevi¢@ecmmmDMGBFront
flip-flop 176 is zero. The input to flip-flop 177 is the output of '
flip-flopig7sabhgfactors-fonveseeas 18avesherehlddp) 1845 angob8%ive or high
si gnal .
or plus signal The BPSHB&eérGWIQQQPZHﬂyqﬁﬁF¥1§%§o %$6naﬁnﬁlégéd1§n ime

189.

4

+plying by an appropriate conversion 20 factor. In order to obtarps

is received fromflip-flop 176 before swi.tch 145 cl oses, a positive

switch 145 oses bef 0s e Si S rece d from -
flip- ?Ioprégﬁega B0 8PE |SN§§a88g ﬁ%lv :E§§95§&F¥%E%Hev Pgnal on

or der of T4565 144 *‘snﬁatéﬁ*%%%ﬂsﬁ??hég 25188 haveohbEy, Rudhyl GRufisda
line 189 4o Bayg BoA81010heNCGRY ekl Aron WhIEN: MereELOTYRE TR e

or der

lause I to have a p05|t|ve S|dn

l'ine 188 hRahegs 552%6905hﬁﬂahoeg“hd¥ﬂdﬂgn é(¥34«3%£§ﬁ NER
proportional t-o fluid flowrate, is directed in para to both gates

190

10

15

20

25

186. When any switch 143, 144, or 145 is closed, its corres-
.ponding inverter sends a high or positive signal which trips
NOR gate 186 producing zero or low output until the switch is
reopened. During oﬁe-complete revolution of shaft 142, each
switch 143, 144,-and_145 opens and closes once. This switch
action causes three pulses by NOR gate 186 from its normally
high output to zero or low output. Therefore, the rotation
rate of shaft 142 within flow Sensor 140 can.be determined by
counting the number of zero pulses per unit time on line 187
and dividing by three. Shaft rotation can be converﬁed to
fluid flow rate by multiplying by an appropriate conversion

factor.: |

In order to obtain the direction of fluidiflow, a  logic
circuit including flip-flops 176 and 177 is contained on
circuit board 151. In addition to NOR gate 186, the output
from inverters 183 and 184 is directed to flip-flop-i?ﬁ; A
device CD4013BF is satisfactory for use as flip-flops 176 and
177. Flip-flop 176 is selected te produce high or positive
output when switch 143 closes before switch 144, If switch
144 closes first, the output from flip-flop 176 is zero. The

input to flip-flop 177 is the output of flip-flop 176 and

O

]



and 191. The signal on line 188 is directed only to NOR gate 15 190. The
sisgral on line 189 is directed only to NOR gate 191. Device CD4025BF is
sati sfactory for use as NOR gates 186, 190, and 191. The result of this
configutation is that only NOR gate 19Q3w || be triggered by switch closure
in the order 143, 144, and 145. NOR gate 191 will be triggergd by switch

20 cl osunRrdrtdhel gy deswilddn 144 |, anfls 143posiheveabs ¥fidh iLidMa1 | {9
either NOR gate 190 or 191 will be the same as the rate of trigdggering NOR
gate 186. rebuisred | fLod 9ZF ldp—filep VD6 apefpites asviidipol 4 ordlosied ,t e rate
of fluid flow, and line 193 has a constant voltage when switch closure is
in the or gmsizive o3, plid¢l, sagnal4bs pYvibbdncelie omeduierecel8F amdt ahzelrosur e
is reversed, line 193 carries pulse proportional to flowrate, and line 192
has a congismalyplagrd onr ligend8d.ow kbnawitchohds MIRsgst da¥Es sa not
triggered. This results in_ no -24- triggering of NOR gates 190 and 191
and #SonRAEKEINS tEFdh bt Ferpivedl From fLios-fIoR blf pud PESAENER gate

Io6. The GUGBIAL o baced ek bive 188" poder 26rby AR AR TPentE Lont dct
5 0 e g ST SRS IR
Const ot A0 N coHee R clus L atedp ORI LSSy 2500010 O
: Cbnverterégﬂidf;and line 189 to have a zero or hegative signal. Switch
10 closure in the order of 145, 144, and 143 cause line 189 to
have a positive signal and line 188 to have a zero signal.
.The output from NOR gate 186, which is proportional to
fluid flow rate, is directed in parallel to both NOR gates 190
and 191. The signal on line 188 is directed only to NOR gate
15 190. The signal on line 189 is directed only to NOR gate 191.
' Device CD4025BF is satisfactory for use as NOR gates 186, 190,
and 191. The result of this configuration is that only NOR
gate 190 will be triggered by switch closure in the order 143,
144, and 145. NOR gate 191 will be triggered by switch
20 - closure in the order 145, 144, and 143. The rate of trigger-
ing either NOR gate 190 or 191 will be the same as the rate of
triggering NOR gate 186. Thﬁs, line 192 éarries voltage
pulses proportional to the rate of fluid flow, and line 193
has a constant voltage when switch closure is in-thé order
25 . 143, 144, and 145. When the sequence of switch closure is
reversed, line 193 carries pulse proportional to flow rate,
and line 192 has a constant voltage. During no-flow condi;

" tions, NOR gate 186 is not triggered. This results in no



measured by the voltage drop across resistor 199. This value of voltage is
to produce a frequency output of 1800 hertz from converter 146.
When e direction of fluid flow causes’ voltage pul ses to be present on
%g' relay 195 is 15 intermttegdy closed causing resistor 198 to
be intermt- tently connected in parallel with resistor 199. This results

sel ect ed

i ne

3,

“

in pul sedwiggesises oh NOR gatesghol nomd 191 camd ea t éonddént Thelvageeonf the

vol tage decrease is selected to produce a pul sed frequency output of 1600
' - Cosure of relay 196 causes. resistor
198 to be connected in parallel with resistor 197. This circuit results in

NOR gade 199 imidineafiedt wid tlige 192 a@ndct ed

hertz fr&atdodigiaseldUanddos.

a hi gher

:
( g f )
The' conbi RS it o itiakesiak (Belbal fazined h 18A-c. Thep SA RS Srcang

151 ot t

hS .f | f 1 h f flow_i.n one
directi oﬁ{ r q%eeﬁ?:?/i;ﬁ%:‘%’%%gvigfggn?oa%% 0?(735;4 f\c?ﬁéaﬁi:hgﬁbdfr%c} i on,
£3Q0 it = 2051 Sl f - e r. of .pul ses
in each ?i%qéat i on F"sahgc (?poorxf Fxgenla%} ?10@#1 ui e?%é%vj ?g/ e.aggi &%%F%rt(?&@?é’ieng
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and a st

vol t Ihe WP

e

of. 2000 hertz from converter 146. 25

fl ow sensor 140 produces a steady signal of 1800?hertz during no-
condi t i oronverdamhade t @lcokstari iicady Oﬂgﬁiﬂ WBlsd® dd&y &1 gy apd
e

havi ng a frequency of 1600 hertz, are produc

10

by fluid fl ow
open. Therefore, during no-flow conditions, both relays 195

and 196 are open. The voltage input to converter 146 is

measu:ed by the voltage drop across resistor 199. This value

"of voltage.is_seleCted to produce a frequency output of 1800

‘hertz from converter 146. When the direction of fluid flow

15

causes voltage pulses to be present on line 193, relay 195 is
intermittently closed causing_resiétor 198 to be intermit-
tently connected in parallel with resistor 199. This results

in pulsed decreases in the voltage input to converter 146.

- The value of the voltage decrease is selected to produce a

20

25

pulsed frequency output of 1600 hertz from converter 146.

Closure of relay 196 causes resistor 198 to be connected
in parallel with resistor 197. This circuit-resﬁlts in a
higher voltage drop across resistor 199. This higher voltage
is selected to produce a frequency output of 2000 hertz from
converter 146. |

The combined effect of the electrical circuits on circuit
boards 150 and 151 at terminal 46 is frequency pulses of 1600
hertz for flow in one direction, frequency pulses of 2000

hertz for flow in the other direction, and a steady 1800 hertz

nett ¥ QY Qs 'i%pﬁtﬁ ¢ ssed,

flow
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angéhaving a frequency of 1800 hertz, are produced by fluid flow.in the

140f functions in the sane manner as previous
The AC out progomhdridl ero #A0fid £lciw eatted t 0 operational anplifier 210.
As previously dis- cussed, anplifier 210 contains both an anplifier to
I ncrease 20 t he absolute val ue of the AC signal and a conparator to
convert the sine vave type si gnal
sane frequeéidpads Bugcegsing dixe

vol ta output SﬁﬂPﬁbYtgﬁﬂﬂg
4600 hertz ces. a t 212 of 7. | t A f.requenc
i nput of 1 %é’rtszlgp’raggt? eslr#os 5ttzs ln§n&°2(§g'b‘lﬁ |f§‘? W CORIEEECR _soa)é
volts DC. ul sesg, o -
140Eg#§ghcé§ggsggrégge pu §%%you?F%?°€%ﬁ$%?%e ozf?xgg ﬁ%%%uFeg on
ine 212, Adiidyics [ERddiendt SHCLEIOVSEERR aPeOBESEHORACHC LIS ik

240 whi ch dlrects the A |nput requency signa cont act is all
| nalrument sirfWite direction at flow sensor 140. Pulses, proportional to
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by fluid flow in the opposite'direction at flow sensor.140.
The flow signal is transmitted from terminal 46 to terminal 74

by electric line 41, Filter 140f is designed to allow fre-

- "|l’lillllllll|llllIHIllllllllHllIIIIIIIIHIHIlH""" tRIV{1i}}

15 enter the processing circuit for signals from flow sensor 140.
Filter 140f functions in the same manner as previously de-
scribed for filter 80f. The AC output.from filter 140f is
directed ﬁo operational amplifier 210. As previously dis-
cussed, amplifier 210 contains both an amplifier to increase

20 the absolute value of the AC signal and a comparaﬁor to
convert the sine wave type signal into essentially a square
wave having the same frequency as'the'signai leaving filﬁer
140f. o

The flow signal is next directed to frequency to DC

UL e o L T R R R R A LT RN LR RN NI R AL AR RLE L]

25 voltage converter 211 which produces a DC voltagé output
corresponding to the £frequency input; A frequency input of
1600 hertz produces a DC output on line 212 of 7.0 volts DC.
A frequency input of 1800 hertz produces 7.5 volts DC, and

2000 hertz produces 8.0 volts DC. Thus, frequency pulses from

i pone direction at flow sensor 140. Pul ses, proportional to 10 flowrate
opposite direction at flow sensor 140. The flow signal is transmitted from
termnal -46 to termnal 74 by electricJdjsne 41. Filter 140f is%designed to
allow fre- quency signals wthin the range of 1500 hertz to 2100 hertz to

15 - enter difhallr @RS H0HE 1GW.CUIThe furmbegn£s lpﬁz'lé%.sf |1QWe§%(&jiS?ﬁtﬁ]?.Qllei Iﬂ'gg][
Yy e- SCripe or | er

|nto essentlally a square wav e haV|ng t he

Zdirected to f > i g 211 whi
I rec g o frequen gﬁto DC 5 VO ta e c nvetggaﬁor}&*dc: é@%g;ﬁgu? E?

10 flow rate and having a frequency of 1800 hertz, are produced

guency signals within the range of 1500 hertz to 2100 hertz to



05 as an oscilloscope to directly nonitor the performance of flow sensor ™
. 140 and the signal processing circuit through converter 211. The DC volt a
.pu[seﬁéon line 212 are directed in paral- lel to conparators 215 and 216. *
For pufposes of - explanation, 10 compérator 215 will be assuned to have a
normal Iy high or positive output and conparator 216 a nornmally | ow or zero
out put wseRseke 140yRuoMIre e Yabtage PBlees tqubcrf Fanyenterngdiems coul d
be easily nodified by those skilled in the art dependi ng upon the |ogic '
circuit MRPSHTRE @fed i ctbfuat® ¥oiquendeatyins bhridei Bhow Algasice

B3 LS e gkl 4Rl 158 0 BRI B 13, B0 210 WEN A Vol L age
Co i ffect i | DC. :
Che vol t S5eabaned, al5r31 86, Bgnthat2ed)e FHALCRIAR. Lndeifnehedouchy )
&gbsout R4l an _G%'Eﬁ.l@.rl%tsﬁbgglio' ai%t:tag fiohg Loy Eg,%;@&%rﬂghgw b0 £{@LE S

Thus, a signal of 2000 hertz frofm sensor 1 ects only conparator
215, and sengiogal400and6Beh@ilyaallr ¢ BEIngl ¢4 ratlieCithrenby corRarake
216.. In other words, flow in one direction causes conparator 25 215 to

pul se at 2alrate proportional to the fluid flow rate at sensor 140, and flow
in the opposite direction causes conpara- tor 216 to pul se proportional to.
flow rate. Th@hBCDS gaditaes pudeesaca drind 212 alte etimsbted i f1vepdral 217,
The DC signal -from conparator 216 is directed to -27- -
lel to_comparators 215 and 216. Por purposes of explanation, \/
10 comparator-ZlS will be assumed to have a normally.ﬁigh or
positive output gnd comparator 216 a normally low or zero
output whén the éignal on line 212 is 7.5 wvolts DC. This
arrangement could be_easily modified by those skilled in the
art depending upon the logié.circuit which is used to evaluate
15 the flow information. A device LM339 is sétisfacto:y for use
as coﬁparators.215_and 216, When the voltage on line 212 is
8.0 volts DC, comparator 215 shifts to a low or zero output.
.Comparatqr-ZIG is not affected.by voltage higher than 7.5 -
volts DC. When the voltage on line 212 is 7.0 volts DC,
20 comparator 216 shifts to a high output. Comparator 215 is not .
affected by voltages below 7.5 volts DC. Thus, a signal of
2000 hertz from sensor 140 affécts only comparator 215, and a
signal of 1600 hertz from sensor 140 affects only comparator
216. 1In other words, flow ih one direction causes comparator
25 215 to pulse at a rate proportional to the fluid flow rate at
sensor 140, and flow in the opposite direction causes compara-
tor 216 to pulse proportional to flow rate.

The DC'signal'from_comparator 215 is directed to inverter

217. The DC signal from comparator 216 is directed to

#

L/}



I nyerter 218. Ihverters'are used to provide a DC pulse of uniformw dth
carresponding to the pulse rate of its asso- ciated conparator. The signal
fﬁﬁﬁ]inverter 218 is directed to invertier 219 to provide a sigpgl wth
pul ses having anpli- 05 tudes in theyyane direction as pul ses from
inverter 217. The signal fromboth inverters 217 and 219 is directed to OR
gat-e 220 winvdrter e2y8 sunbntvéetets saset aspaoditc provdids tal DEI pulsat efsi gnal
at contact 221. The digital output at contact 221 is not affected by the
di rect on ofnffarml widvh d&O6rrespondiimg tat phe fpudmecardte nvfribs 2%8oand 218
is directed via appropriate lines and resistors 249 and_250 respectively to
provi de a Gttt eernparataen. arfhe f sbgn@bofromeinvastarr éé8i a5 Sirecked f1 ow
causes conparator 215 to be triggered, positive, pul ses of uniformw dfh are
present ort? i HVeReR 2 fQREOYHa R spla‘-?ﬁﬂ]r fih sl segyhaving FFPLETi on
of fluid flow causes, com parator. 216 to be. triggered, negativ ul sgs of
uni { % wi TIPS B TRR RARE OFTREESPR 38 BRLFRPULEYD WRRFTFTEr 2052, Tfi ng
fo-fl ow condi tipn t QQ?p : @Egigég | S~ Stab, ith
no pul'ses.SJ'gr’%Alis? ‘fre%r{ﬂl %&Fn%eé%ﬂg pu sgés gfllz%]%ér;esen ordaé%eé%‘ %%T’%Mage
input to aggy iy 2 r Ut L Ng-88uc@Nhagl g9¢a1 A ther
REER“GEFRTY BuRE FH PUled o0 PE St 74,5

eonpara- tor 2 0g output at contact 223 is

produced bya@éméig‘gn@r 222t £dt i R Ir opd idiAltd10 ddiput RIE dudeRY 2.
The direction of the analog signal (positive or 25 negative) at contact
223 fcorr esponilst tHf fdetell et difrddton df drwild FIwar 140. Li ght di odes
229 and 230 provide an alternative neans for indicating the direction of
fluidigl ow. THeheioweput rfrom reech cinihtars 27T etk ® M & sOR igatate® ¥ itao
energi ze di ode 229

appropriate lines and resistors 249 and 250 respectively to
provide a combined input to amplifier 222. When the direction
of fluid flow causes comparator 215 to be triggered, positive
pulses of uniform width are present on line 248 as an inpuf to
15 amplifier 222. When the direction of fluid flow causes-com-'
parator 216 to be triggered, negative pulses of uniform width
are present on line 228 as an input to amplifier 222,
‘During no-flow conditions, the output from comparators
215 and 216 is stable with no pulses. This results in no
20 pulses being present or a zero voltage input to amplifier 222
'~ and a zero. output reading at contact 223. As either compara-
tor 215 or 216 is pulsed, an analog output at contact 223 is
produced by amplifier 222 which is proportional to the input
pulse rate. The direction of the analog signal (positive or
25 negative) at contact 223 corresponds to the direction of fluid
flow at sensor 140.
Light diodes 229 and 230 provide an alternative means for
indicating the direction of fluid flow. The signal from

inverter 217 is ‘directed via OR gate 227 to energize diode 229



kit -28- when fluid flowis in one direction. The signal frominverter 219 .
S qupcted via OR gate 228 to energi ze di ode 230 when fluid flowis |r1tjy?
ot her direction. Thus signal processor 60 provides a visual indication of
the divrection of fluid flow 05 in agdd+tion to an anal og signal. Also,

| i ght di odes 229 and 230 provide a visual indication that sensor 140, |ine
41, and wbeocfdudd Silgwalispincesei dgreckiants The sigoelofiray pnuprter|y.
Pressure Sensor 10 The signal from pressure sensor_ 100 is

transnit &8 ﬂﬁ1ﬂ%ﬁﬁQﬁﬁd'ﬂﬁﬂnQﬁmﬂﬁé¢l3834P° enengdizel ghfode 23Mhedhen accept

only 5|ggﬁls wi_thin the frequenc ra assj| gned to sensor 100.
Functi ondtPya fileWedsiddy & éﬁ e?g; R4t efh %stbﬁFaﬁaErBFFFEPEnt

| d d d
{7 eduencg® BEOERAgCcORTBRLCE %‘%ggfaqogsaf‘»hs PEESaRoPgna oAt LR
'ea 268 Fiht 8aalQbal 1d NG, Sﬁ-{?ldr% dnd¥P a’@ré@ ©1 1 e 289§ gvsggean? ' n

enpératuré Srgnal” processi curt eqlienc conver 2 produces

an “anal 09307 B25ViReS bIR3lsugh| %aa&a@lbﬁcttﬁﬁtt Q¥ rn'o 1Q.g.n%y‘ﬁ
104. A digi pressure signal is directed to termnal ‘10 |ne 1 3 vi a

frequencyspuklinRelelsidal pheeddd GRt  erEaLes 40%€ m&@.%ﬁrge prop-
satisfactory for use as multiplier 300. Strip chart 71 can be el’ectrically
connect eegrflg.t er m nal

Pressure Sensor _ - o \o/

10 _ The signal from pressure sensor 100 is transmitted to
terminal 74 via.wireline 41. Filter 100f is tuned to accept
only signals within the frequency rage assigned to sensor 100,
Functipnally, filter 100f is equivalent to filter 80f’put has
different values of inductance and capacitance. OperatiOnai

15 amplifier 101 and frequency to voltage converter 102 process
the'pregsure-signal after it leaves filter 100f in the same
manner as amplifier 56 and converter 57 in the temperatﬁre
signal processing circuiﬁ; Frequency converter 102 ptoduces
an analog pressure signal which is directed to terminal 106 by

20 - line 104. A digital pressure signal is directed to terminal
105 by line 103 via frequency multiplier 300. Electrical
devices 4017 and 4024 are satisfactory for use as multiplier

- 300.
Strip chart 71 can be electrically connected to terminal

25 106 and computer 72 to terminal 105. Thus, the present inven-
tion allows for simultaneous recording and display of pressure
and temperature at the well surface.

VHVarious.pfessure sensors are commercially available for

use as pressuré sensor 100 within tool 40. An exémple of one

&
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25, - 106 and.conputer 72 to.termnal 105. Thus, the present inven- tion

akl'ows for

at~the wel| surface. Various pressure-ggasors are commercially gvilable

for

use as pressure sensor 100 within tool 40. An exanple of one - 29-
such presS¥¢R BDERSSHTEs sEMeQT s UslSowatienU.3. .5 BERx | h; 56822 by-H E.

Karrer et al. .Mechanical Configuration 05. The nechanical details of tool

are shownVented ghyeH.7R- CRagdeFi @fr @18. El ectrical line 41 is preferrable

attached to tool 40 by conventional rope socket 42. As previously

expl ai ned, collar locator 80 is preferably the first sensor 10 attached

to electric line 41. Adapter subassenbly 160 is used to nmechanically and

electrically connect collar locator sensor 80 and tenperature sensor 120.

W t
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|1 1 i cal..w b Nt t hread 6 d d ext I
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surrounds. receptacle T

tr.

10

15
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iomdapt er subassem bly 160 can be used to

any type of sensor to wel | tool 15 40. Subassenbly 160 is

and preven e
explained, collar locator 80 is preferably the first sensor

attached to electric line 41. _

Adapter éubassembly 160 is used to mechanically and
electrically connect collar locator sensor 80 and temperature
sehsor 120. With only minor modifications, adapter subassem-
bif 150 can be used to attach any type of sensor to well tool
40. 'Subassembly 160 is generglly cylind:icai with internal

threads 161 on one end and external threads 162 on the other

~end. Threads 161_and 162 are used to make the mechanical

20

connection between the sensors of tool 40. Receptacle 164,

dispbsed within subassembly 160, is manufactured from electri-
caily conductive material such as copper. Electrical insulat-
ing material 165 surrounds receptacle.164 and prevehts elec-

trical current flow between receptacle 164 and the other

‘portions of subassembly 160. Electrical connectors 166

25

(banana plugs) cén be inserted into receptacle 164. The tip
ofleach connector 166 functions electrically as either ter-
minal 46 or 47. Elastomeric seals 163 are provided to block
fluid communication between the exterior of tool 40 and  the

electrical components carried within each sensor.

si mul t aneous recording and di spl’ay of pressure and tenperature

40 -



_trical current flow between receptacle 164 and the other portions of ~
subasse®bly 160. Electrical connettors 166 (banana plugs) can be insert €
into receptacle 164. The tip 25 of each connector 166 functions
el'ectriically as either ter- mnal 46 <gg-47. Elastoneric seals 163 are
provided to block fluid communi cati on between the exterior of tool 40 and
‘the el ectri calFanndmespaecifici ecdolM 4bi sheenhiseRsgares 7A30; poesktige
‘specific tool 40 shown in Figures 7A-D, pressure sensor 100 does not have a
term nal sepsamlEH does aroff naavel7a otexhinal hequivebentehsotsrmihat ed dr e,
two wires 170 and 171 are electrically connected to termnal 47 of

t enper at e e othexfhiee seypersq71Thereforect tdotwiresnihol and &7l
pressure sensgi 100.to_supply power.  thereto and_transnit the pressure

Signal |t RS PORFERIFRLIY @ (F9 o BORTABALOVA T LBE TERRARAGRTE

et UG T s e LR 25w R Lt T8 gl SR I R
hesonbry FRE QY BESGhRTs ookl b EHEERRE ARG Lodnoh il WA d b T 1
o1 o PR TERSR ERony | (REDECATE BkrRR ik AR o PO PERRECL Y i ng

the same wieieh méchayPesBly ubRd 1é2eatdiaal 2yt Hvpa sdedRrdls @ addddy Wi th

o
#

A

- tool 40. An knside dianeter- 111 is nmachined on each rail to allow sensor ;

100 to belOfhy rivetirev 170 amppbigslﬁﬁe eléettical péﬁéi'ttbSaﬁddﬁwathchom V
haV|{§) the signal from terminal 46 of flow éeﬁsor 140.
Pressure sensor 100 is attached to Cafrier éssembly 110
by threads 116. Assembly 110 includes subassemblies 107 and
108 which are mechanically connected by bypass tube 172 and
protective rails 114 and 115. Rails 114 and 115 are segments
15 of a cjlinder ha#ing the same length as bypass ﬁubé 172 and an
outSide‘diameter compatible with tool 40. an inside diameter
111 is machined on each rail to allow sensor:IOO to be carried
with assembly 110. The final'result is a downhole tool having | ,
a relatively uniform outside diameter with sufficient struc-
20 tural integrity to protect delicate electrical'cbmponents..

The previously described tool 40 and recording means 50_

can be readily adapted for use in other electronic systems.

©

- The previous description is illustrative of only one embodi-

ment of the present invention. Changes and modifications will

¥

25 be readily apparent to those skilled in the art and may be
made without departing from the scope of the invention which

is defined in the claims.



a #el atively uniformoutside diameter with sufficient struc- 20 tural-
nhggrlty to protect delicate electrical conponents. The previously
described tool 40 and recording nmeans 50 can be readily adapted:for use in
ot her el ectronic systens. The previous description is illustra (ve of only
one enbodi - nment of the present invention. Changes and nodifications wll
25 be readily apparent to those skilled in the art and nay be made
wi t hout departing fromthe scope of -t Beai Aventi on which is defined in the
cl ai ns. - 30a - Reference is made to our co-pending Application Nunbers
8227374 and 8430605. TRef@ressantis\made aid @uhao-ipeeud ithigy Aghed igat ibhom
Application No. 8227374 and Application No. 8430605 descri bes and cl ai ns
anot her 5 ty@nb@fsw&2273?ﬂﬂanﬂﬂﬁﬁﬁ0605~- The presanvSAppddichadiohocat or
sensor for use in a well ool for nmeasuring various paraneters at a

downhol e | ocati on %%n%??%|4&F1@?4694ﬁrﬁﬂ°m(ﬁpﬂ%%ﬁ§QHQHgN&~e@@ﬂﬂ@5I Bofer
supplied to.-the sensor and trans ormation f t.he sens r an
el ectrical coil aﬁﬁpgéﬁ?ﬁﬂﬂﬁnﬁhnigé§4§a§ﬂ4%?9ﬁ£§ﬁ§eand’c aims anot

5 type of well tool sensor.
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10. -~ ng|gnetic coupllng In proportion to the thickness of netal

surroundi ng t.he we e to frequency converter; a voltage ;\4;_
-regul ati ng.networ k u “mm |“1er m'nal with the converter to supply 7+
=L Ne

el ectri catOpower t conwvertser » an electrical 15 net wor k connecti ng
the coil and converter to transmt alternating voltage fromthe coil to the
converter; the converter producigg3f frequency out put which changes as
voltage is induced into the coil by changes in the thickness of netal
surrounding the coil; and a 20 frequency adjusting network to control
the output of. the converter to within a presel ected frequency range
assigned to the sensor. - 32 - 2. A col lar | ocator sensor, as
claimed in claim1,. wherein the alternating voltage fromthe coil has a
frequency | ess than twenty hertz.CBAIMS 3. A col l ar | ocator
sensor substantially as hereinbefore described with reference to and as

]

1.. A.collar.IOCator;sensor for use in 'a well 3
5 -tool'fbf measuring vérious parameters at a downhole
lbcation comprising: a terminal for receiving
electrical power supplied to the sensor and
transmitting information from the sensor; an
electrical coil and permanent magnets which change
10 magnetic coupling in proportion to the thickness of
metal surrounding the well tool, a voltage to
fregquency converter} a voltage regulating network
connecting the terminal with the converter to supply
electrical power to the converter; an electrical
15 network connecting the coil and converter to transmit W,
alternating voltage from the coii to the converter;
the converter producing a frequency output which
changes as voltage is induced into the coil by changes

in the thickness of metal surrounding the coil; and a

)

20 frequency adjusting network to control the output of

the converter to within a preselected frequency range

L 3

assigned to the sensor.
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2. . A collar locator sensor, as claimed in claim

1, wherein the alternating voltage from the coil has a

frequency less than twenty hertz.

3. A collar locator sensor substantially as

hereinbefore described with reference to and as shown

in the accompanying drawings.




