VELL TOOL SENSOR This invention relates generally to electrical
recordi ng devices and flow sensors for nmeasuring 5 . varj o ters
at”Tocations renmote fromthe recording device. The present gﬁf&%ﬁg
pakti cul arly adapted for using flow sensors to reasure varlous flow
paraneters at a downhole |ocation within the bore of an oil or gas well and
to record each 10 paraneter at the well surface. However, the

i nvention can be used to neasure various flow paraneters at t he ‘&
surface or to neasure paraneters in other types of wells. For m@ ears,
operators of oil and gas wells 15 have heen interested in neasuring
various physical paraneters associated with each well in order to
understand the characteristics of the underground hydrocarbon producing
formation and to optim ze the production of hydrocarbons fromeach well.
Some of 20 the nore frequentl|y=nkasured parameters are: a.. bottom
hol e pressure and surface pressure when the well is both flow ng and shut

¥ n; b. flowrate versus pressure and direction of fluid flomr 25

G. pressure versus time both during pressure.
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2a - build-up after shutting in a well and pressure drawdown after

resqung flow d.

8 depth at
titled Pressure
4,161,782 titled

oil versus gas ratio in the production fluid; and 5

whi ch each paranmeter is neasured. U. S. Patent 4,107,697 .;;:

Recorder with Power Conservation Means and U.S. Patent
M croprocessor Conputerized Pressure/ 10

Tenperature/Tlne Down- Hol e Recorder disclose well tools which can neasure

and record-sone
i nvention there
‘measuring variou
termnal for rec
transmtting inf
whi ch rotates as
shaft; magnetic
rotates t her epas
"said propellor;
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-3- of these paraneters. According to the present.
is provided a flow-s@sor for use in a well tool for
S paraneters at a renote |location 5 conprising: a
eiving electrical power supplied to the sensor and for
ormation fromthe sensor; a propellor nounted on a shaft
flui ds nove therepast; permanent magnets carried by the

1000 TAUCIEORhERTERR L CheELTLE E5hitE O
2e¥ekhafg EQvices and flow sensors for measuring
various parameters at locations remote from the
recording device. The present invention-is
particularly adapted for using flow sensors to measure C;
varidué'fiow parameters at a downhole location within
the bore of an 0il or gas well and to record each
péramete: at the well surface. However, the invention
can be used to measure various flow parameters at the
well surface or to measure parameﬁgrs in other types
of wells.
For mény years, operators of oil and gas wells
have been ihéeres;ed in measuring various physical

parameters associated with each well in order to

understarid the characteristics of the underground i

hydrocarbon producing formation and to optimize the
production of hydrocarbons from each well. Some of
the more frequently measured parameters are:
a.. bottom hole pressure and surface pressure
when the well is both flowing and shut in;
b. flow rate versus pressure and direction of
fluid flow;

C. pressure versus time both during pressure

wh



frequency converter; a voltage regulating network which directs power
received fromthe ternminal to the 15 converter; a rotation direction
defecting circuit arranged to receive the signal fromthe nagneti.c,, )
det¢cting neans and to supply to the converter an input proportichél to
said fluid flowrate and indicative of the direction of fluid flow, and a.
20 - frequency adjusting network to control the converter output to
wi t hin an assigned frequency band. The invention will be described now
by way of exanple only with particu @a ~eference to the acconpanyi ng
drawings. In the drawings:- FIGURE 1 is a schematic drawi ng, partially in 5
section and el evati on, bahddrnp apper ashwttinghink weldhsand ipressdedance
with the present invention can be used. The recording neans |ocated at the
wel | surface i s shown FR2BABER RFLRF aFRFYPRIFFRE 2 is a schematic

drawi ng of a downhole 10 .. tool located w thin wellecﬁore. FI S 3A
and 3B are schematic dfawi i3S EZRESIFIPBrIFHE Hi ﬁﬁﬁa%ﬁ° 954 9t s
of the recording neansaggd power supply. FIGURE 4 is a schematic draw ng
showi ng porti.ons 15 of the electrical circuit of the flow rate sensor

which i's gontained within the 8@,{)25@%@ $19°0Lh Ofadh P Farfecdd GFE S5 is a

Schematic drawi ng show ng porti
measured.

U.S. Patent 4,107,697 titled Pressure Recorder
with Power Conservation Means and U.S. Patent
4,161,782 titled Microprocessor Computerized Pressure/

10 Temperature/Time Down-Hole Recorder disclose well

tools which can measure and record some

.



of the electrical circuit of the tenperature sensor which is contained
tthin the downhol e tool of Figure 20 2. FIGURE 6 is a schematic

Y awi ng show ng
sensor which is
7A-7E are drawi n
portlons br oken
in Figure 2. 5

portions of the electrical circuit of the collar Iocator —~
contained within the downhol e tool of Figure 2. FI GURES™

gs, partially in section and partially in elevation with
away, show ng the nechanical details of the downhol e tool
FIGURE 8 is an enlarged sectional draw ng taken

along line 8-8 of Figure 7. This des@ imption is made with respect to using

a tool to neasur
and gas well. 10
which a fl ow sen
the well surface
under ground prod
are used to cont
line 35. A stand
shown attached t
used to isnstall

e varlous paraneters at a downhole |location within an oi
of these PaFF@BF@‘E shows a typical well installation in

*ond- BRcBRa185 so Ehe, BRbIRL ISP RHELOA SRR £S IR ST &
%ﬁb@gdkﬂrgagieﬂ:sQﬁé??rF¥?|¥ 3§nanY¥1ggtgg VEod S 34

the production o UIdS rom we o surface flow

dedsirifyl ParlivlEi patenhe BBEs 86081 ARG ETLOPLENGN 36 are
o the top of wellhead 31. Standard wireline techniques are

comprising: a terminal for receiving electrical power
supplied to the sensor and for transmitting-
information from the sensor; a propellor mounted on a

shaft which rotates as fluids move therepast;

'permahent magnets carried by the shaft; magnetic

10

15

20"

detecting meaﬁs which actuate each time a magnet
rotates therepast to produce a signal proportional to
fluid flow rate past said propellor; a voltage to
frequency converter; a voltage regulating network
which directs power received from the terminal to the
converter; a rotation direction detecting circuit

arranged to receive the signal from the magnetic

detecting means and to supply to the converter an n'\H

input proportional to said fluid flow rate and
indicative of the direction of fluid flow; and a
frequency adjusting network to control tﬁé converter

output to within an assigned frequency band.

W



20 wi thin and renove downhol e tool 40 fromthe well bore defined by
casing 32. Downhole tool 40 is attached to a standard single conductor

el®ctrical line 41 with wireline winch 37 used to raise and | ower tool 40.
Siwgl e conductor electrical line 41 is electrically 25 connected to
recordi ng nmeans 50 which includes signal :5a- processor 60, power gsupply

70, four pen recorder or strip chart 71, and a conventional digital
conputer 72. Various analog strip chart recorders are conmercially

avail able for use as four pen recordef & - 71. The specific strip
chart recorder used depends upon the nunber of paraneters being nmeasured.
For exanple, if four sensors are used to neasure four different paraneters,
strip chart 71 shoul d have at | east four pens for_recording each

par anet er i ndi vi dual | yThe ineepkeian twkkl R e Sor ikat fO%e PYo 33 @fuci ng oi |
and gas wells is to shut in_the well by closin i ng valve 34 and 05
measuring the buiFHﬁﬁpﬁ? R et RS %}ﬂﬁﬂ ﬁ%ﬁﬁf £on B0t of pressure
Charactersti o oPSEREaNALYS it T ook R B B ey o
éhe pressure informa- FIGURE 1 is a schematic drawipg, partially in
5 section and elevation, showing aéparatus in which a
sensor in accoraance 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
portions of the electrical circuits of the recording
means and power suﬁply.
FIGURE 4 is a schematic drawing showing portions
15. of the electrical circuit of the flow rate sensor which
Y . is contained within the downhole tool of Figure 2.
| FIGURE 5 is a schematic drawing showing portions
of the electrical circuit of the temperature sensor
which is contained within the downhole toel of Figure
: 20 2. |
FiGURE 6 is a scheﬁatic drawing showing portions
of the eleetrical circuit of the collar locator sensor

which is contained within the downhole tool of Figurg

-



tion in greatly increased by sinultaneously neasuring the 10 tenperature
of the fluid surroundi ng downhol e tool 40. The present apparatus allows N
t he spgraneters of pressure and tem perature to be simultaneously neasured ™,
dowdhol e, transmitted to the well surface on a single conductor electrical ™
i ne, and recorded on both analog strip chart 71 and digital conputer 15

72. In addition to nmeasuring pressure and tenperature, other paraneters of
interest are the location of tool 40_and the volune and direction of any
fluid flow past tool 40. A variety of flow neters is available to sense

fluid mvement. 20 baeRRk@ns827ehe,acaUaAtelY IBLECTANRY by sepeigg each

collar (not shown) in the tubing or casing StFing as ower ed and

recording the tobgly paFkea1al ¢l k2e§atiBnbRiBhFhEHEESnd BAGKkEn L0RY, 40 is
shown as havi ng four separate sensors. The present apparatus allows the

number and type @hoding thesaeshanichtddbyaids! ofOthe BEwRRS1E YebHLI Based

or decreased dependi ng upon the nunber of paraneters desired to be neasured
and recorded. | nFdgarei @ to the foll ow ng sensors di scussed in detail, the
present apparatus will allow a liquid | evel sensor, a fluid phase sensor or
a bott omol e sanpl er FIGUBE 8 is7ancgBlpygpdceepbianad drnavirgotaken |n

the past, it has heen the general_gnactice.to run each sensor separately to
obtain a continuéd®nBeddB6t 858 PheREPFesdrface of information neasured by -

the sehsor pr to qse %hqgmgggL%iﬁggggdkggmgggiggtﬁjEgspect to using a g
| tool to measure various parameters at a downhole .\?
- location wi;hin'an oil and gas well.

0 Figure 1 shows a typical well installation in
which a flow sensor can be used. Well 30 includes
wellhead equipment 31 at the well surface and casing
32 extending from wellhead 31 to the underground
prodﬁcing formation. Master valve 33 and wing valve

15 34 are used to control ﬁhe production of fluids from
well 30 into surface f£low line 35. |

A standard wirg;ine lubricator and associated (WP
equipment 36 are shown attached to the top of wellhead
31. 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
wireline winch 37 used to raise and lower tool 40.

Single conductor elec;rical line 41 is electrically

25 connected to recording means 50 which includes signal



05 limted storage capacity while neasuring nore than one para- neter.
Figure 2'is a schematic representation of an.alternative well conpletion.
Prioduction tubing string 38 is disposed within the bore of 10 casi ng
st¥fng 32. Downhole tool 40 is shown suspended fromelectrical li.ne 41
within the bore of tubing 38. The prefer- able sequence for at t afHi ng the
sensors to wireline 41 is first collar locator 80, then either pressure

"~ sensor 100 or tenperature sensor 120, and |l ast flow neter or spinner 140.
15 Collar locator 80 is attached< Gan=reline 41 first to provide an easy
reference for the downhole |ocation of the other sensors wthin-tool 40.
Fl ow met er or spi pnecesdorshioul poperfsupily Her tfrumh@enpmenarder Wren t ool
40 is suspended within a well bore so that the other_sensors within tool 40
do 20 not bl ockS&riPeshartt 7}t 1ard 2 wPRERRt N higifrl mamRutFpply 70

provi des direct cyrreng voltage which is transmtjed through wreline
41 to tool 40 andg?s angPECéf)p??%ﬁgQOS'EHap VHRTuS & tF Sf si gnal

60. Each it hin, 40 i ' ' - 25
fuoncy band or raRgBRFer roky; AErifEhe fon pAE RS PUT RS,
band ‘or raRBFoF 857 A"THAREH (1Thg’ Thi et et ol “Cver e
Yool 40 i & 40-c0 Rbris ie SRarTElc SEL e S udta IBRERS P re

sensor 120, 1500 {8oR100e NRahBef 06 £ Spi PiMRd £dd bttty Gudd¥ured 25 50 hertz

for - 8- _ .
v example, if four sensors are used to measure four

different parameters, strip chart 71



pressure sensor 100. These signals can be transmtted sinul- taneously as a
conpesite or conbined signal and allow for real tine analysis of the .
vast Bhs. -paraneters being neasured at the renote |ocation. Signal processoky
60 di scrimnates between 05 "and selectively sorts out the frequency
signal f nger : (o] 770 TNl 6%?@5 enGapalhl i ode,
di spl ay ,srlgr? p?ghﬁg?eafeofl eiB %%utfé{ugg a digi %2?? g%ﬁgg?g?gt %(%l&?l gn%%a&!%r%%ceach
renot e SHEBFidEE £ conductor line 41 is connected electrically to-10
signal processor 60 via termnal 74. A grounded connection 74g is shown
adj acent to tzrfisphend. tdbe WwhRbEalis TonatddE ditigtsdhcindecii ghgcan be
used as single conductor |line 41 consists of an electrically conductive
Wi re (camEeryekls -isotodehubyinngthbatell bgt elicagling Wimpuwlivd Berandf the
15 insulating material are reinforced by additional wires (steel) and/or
w qed neaswrirgr thagbnildupesif déowsholeeprpssusre- wensas ayime of Ai ne 41
is grounded and el ectrical y attached to connector 74g. The electrical
fl ow pathiet 9% cpresswraaversushitdmgh cefe provide walmakiliehi information o
tool 40 and its 20 electrical conponents. The return flow path is via
ground \#ARPEIHERG dEBet RhvRical eheracterishies &f |the nndergmoundrm
"single conductor" refers tg the center wire within line 41. 25 Power
Suppl y OQATPY FBSEFBRLFT t STBReAFFREACYe RS Fha PRAFBINH BT DUgh
~termnal_J74 v%a cur&ggf're'ulatin et woy k 73.'Preffrably, t he val ue of DC-.
vol t age StOR etfli FHEZAY HAFFR2FRE atW FYPRLIRREPNS L Lo BFaSHTIRT iR h can W/

°¢ f§ ' *bffbéfature of the fluid surrounding downhole tool 40. The
present apparatus allows the paraméters of pressure and tem-
perature to be simultaneously measured downhole, transmitted
to the well surface on a single conductor electrical line, and
recorded on both analog strip chart’ 71 and digital computer
15 - 72.
| | In addition to peasuripg pressure and temperature, other

parameters of interest are thé location of tool 40 and the

volume and direction §f any fluid flow past tool 40. A -
) . : —

va;iéty of flow meters is available to sense fluid movement.
éo'_ Location_can be accurately determined by sensing;each collar
(not.shbwn) in the tubing or casing string as tool 40 is
lowered and reéording the tbtal number of callars. In-both
.Figures 1 and 2, tool 40 is shown as having four separate
sensors. The présent apparatus allows the number and type of
25 " sensors carried by tool 40 to be easily ihcreased 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
function satisfactorily. Therefore, current sw tches 80a, 100a, 120a, and
145& aree included within network 73. When each switch is closed,zhi causes
tH%fredurred amount of 05 -electrical epergy to operate its corregponding
sensor to flow frompower supply 70 to termnal 74. For purposes of this
witten dessilyt inoprporated8iatoortoedpaitls tIncehkapakegatidy W Isadd ch
100a corresponds to pressure sensor 100, switch 120a. corresponds to

t enper at ukke sgereral 2praghiice weo ctun 46aciOsensoresppadatedyf ktowobeagn 240.
If a particular sensor is renoved fromtool 40, its corresponding switch
shoul d becOpeHEOHS t Feadaetwatkthe waht pusfade PAvinfpomatiboveetsnrad

| ar ge conbin%gion of sensors to be attached to or renoved fromtool 40.

Al so, thePhulkBer SBRSKF (PhelOr B AindeenbpiecFerording rievice weikh73 s

l'imted only,by.the capacity of power, supply 70 and the current carrying
lim 155 of LFIHESd  SEeFalEn5R éFéng\ﬁ,\'ﬁeéeofmwmr%sm%%rﬂ?@aﬁﬁedpéaés 76
fand 77 afﬁ E%Iected such that closing the switches within network 73
changes t 2"%Fas on transistor 75 afd allows 20  current flow from power

supply 70 to t L.pal 74, _Faor.th ownhol e sensqr.s discussed .in this
Wwritten descri%%g%%? %Iggiﬁg%§PFﬁ§#15M5ﬁ5¥%§ﬁ§ %;ﬁﬂhf rﬁﬂhéiﬁ?%ﬁﬁtlve
addi tion T of seven mllianps which corresponds to the current
required 3f¥oF?§%l%%§£?%r 80 or tenperature sensor 25 120. dosing

o e 08 kb0 WOEr 8 Bk QR S nd B4 o
10 casing string 32. Downhole tool 40 is shown suspended from
electrical line 41 within the bore of tubing 38. The prefer-
éble sequence for attaching the sensors to wireline 41 is
first collar'locator 80, then either pressure senéor 100 or
temperature sensor 120, and last flow meter or spinner 140.
15 Collar locator 80 is attéched.to wireline 41 first to provide
an easy reference for the downhole location.of the other
sensors within tool 40; Flow meter or spinner 14b.shoﬁl&
preferably be the bottom sensor when tool 40 is suSpended,
within a well bére so'tﬁat ‘the other sensors within tool 40 do
_éo not block or restrict fluid fiqw paét spinner 140.' |
| - Power supply 70 prbvides direct current fDC) voitagé
‘which iéytransmitted through wireline 41 to.toql 40 aﬁa.ig
- also supplied to the various components of signal processor
¢ 60. Each sensor within tool 40 is assigned a discréte fre-
25 .quency band or range for use in transmitting information over
the same, common liné such as wireline 41. A typicai aséigﬁ-
ment of frequenéies for tooi'lbeis 40-60 hertz for collaﬁ
locator 80, 200-400.hertz for temperature senéor 120, lsoohto
2100 hertz for spinner 140, and 8,000 to 25,000 hertz for



the current required by pressure sensor 100 or flow nmeter 140. The

el ectgical characteristics of .the transistors, diodes, and - 10-

resistors included within network.73 can be varied to corres- pond to the ;;
requirements of the sensors used in toe§~40. For the electrical circuits

shown within this enmbodi nent of the present invention, power supply 70 is

sel ect ed poeSSurepsensor 1eQul arkdsgokliggaleutant beoftrahzmi®ed BEmul>

volts DC, -5 volts DC, and +7.5 volts AC. Again, these values can be.varied"
to correshaneously hascheccompesite coni combibedf sigratcandraliowt for Aannd

si gnal processor 60. 10 Si gnal Processor and Recordi ng Means Signal

processor tH0e c3RRLYRis{ 86 thepHanieus| parapesersi jaingpmeesvsiedg ati rthei t s

whi ch correspond respectively to one of the sensors in tool 40. Each
procesyrﬁfﬂgF%u}PcP lBBnneéﬁ&¥ﬁ¥1Rﬁﬂ%ﬂﬁ%ﬂre?%c@#F§EFW§nﬂF?ﬁ bedween t o

t he npoz.. 45 _Si Laral at_termpal .74 fromwireline 41. The first
corrp@%enta% gaéﬁgﬁﬁ‘ggggsi%ogrﬁ rEHFt the a%#?ﬁ‘f%‘}%%ﬁg-ﬁnﬁ FFRTH 3CRccept

the frequ and e Ssh 0 t.Q the processing circuit. *
Vari ous e?ée%%(??'cal R%%ﬁ%@%@%t 2t§e \?‘\%’%%l %6 eggg #(?ce 33%%1 +$%ug? fegode,
function yaent heal ﬁygb - ; | ht hin Fi. e )

Fil ter 18%%3,?% heh?liarst coa?pegn%gf %%BP\#Q '%?o%eggﬁﬁg’%i :H(éallm.d%g Fﬁé signal -~
from pressigRaberbeh d06h rémdtelsdddbris the first conponent in the
processing circuit for the signal fromflow nmeter 140. Filter 120f is.the
first conponensingle¢ heondacessi 1dne r&Miis connected electrically to fw

10 signal processor 60 via'terminal 74. A grounded connection
74g is shown adjagent to terminal 74. ‘The typical, standard
electrical line which can be used as single conductor line 41
consi;ts of an electrically conductive wire (copper) sur-
- rounded by insulating material. The outer layers of the
15 insulating material are reinfo;ced_by additional wires (steel)
And/or wrapped by rgihforcing_wire mesh. This outer protec-
tive laye;_of_liné 41 is grounded and electricaﬂpy attached to
connecto£_74g. The electrical1flow path is frqﬁ terminal 74 o
through the center wire within line 41 to tool 40 and its ™
20 electrical components. The return fiow path iégvia ground
which includes the outer protective layer of 1£ﬁe 41. The

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

41,

25 -POWer'Sﬁpply
Power'supply 70 transmits electrical enérgy to.wireiine 41
thréugh ,términél 74 wvia current reguléﬁing' network 73.
| Preferably; the value of DC-volﬁage at términal 74 remain§

relatively constant. Each sensor which can be attached to



25 for the signal fromtenperature sensor 120. Filter 80f is the first
conponent In the processing circuit for the signal fromcollar |ocator 80.
Uni que conponents for each of these processing circuits will be discussed
la¥er. *  In Figure 3B, the electrical .gchematic for the circuitgghich
processes the signal fromcollar [ocator 80 is shown in nore detail. The

el ectri cakosthamatdegqdivied e praddcstiviedSamb ek Sof nefegtr e3P anergyni | ar
to the collar |ocator process- 05 ing circuit but have val ues of ' :
resi st ancep ifuthattiamc asa tarst actpadiliyan c & hemerfope ,a teaxinen te sl iahdisy | &0aa/
signal. Filter 80f conprises a series of inductors 61 and capa- citors 62
with the dfpropri2fee candtl4eal achaincluded: widhin netwerkh &3¢ erWaenng
current within the frequency range, of 40 10 to 60 hertz to flow through
the remai gash owiteh pisceslased ci feurausespdhia oFegrinedcrEoBRt: B% ent

fromentering the remai nder of the procgessing circuit. Anplifi 64 t
an AG%| gedEUTIGRY ST AN SRSTALS b GRRHEFRORIING (RS it Mases

R
tisfact QLis aml i fier 64y - il i fq |
bt oxt i Eip e HLE A, Susten Bt WOALendiil ABlodifdx Hbostor

the signal ofe,;]f%tq]f@éﬂ g QCéBQEe.%PoH&EWﬁ‘:%“ et H0sdiesdZ PoOJugRivRyel orm

66. 20 e signal fromcofllar Iocator 80 is a constant 50 hertz, the
out put frameaMidridedpdifid Std | BémpéraParét 86n8dr CORYGI andNauEf N BFo4 Nt O

esS®ntial 'y square wave 68. Device LM 339 is _
10 corresponds to flow meter 140. If a particular sensor is
removed from tool -40, its corresponding switch should be

opened within network 73. The present invention allows for a

large cgmbination of sensors to be attached to or removed from

tool 40. Also, the number of switches that can be placed

o

15 wiﬁhin network 73 is limited only by the capacity of power
supply 70 and the current carrying limits of iine 41,

The characteriétics 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
curreht requiredlby collar locator 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 current required by pressure sensor 100 or flow meter 140.

The electrical characteristics of the transistors, diodes, and |



]

" Figure 6 shows the electrical circuit for collar |ocator

satisfactory for use as conparator 67. Thus, anplifier 64 and conparator 67
pl us biasi 4@ circuit 65 conbine to act as an 25 operational anplifier and
produce an essentially digital output shown as square wave 68. The out put g)
from conparator 67 is next directed t4l0dugh frequency to voltage converter

or denodul ator 51. Frequency to voltage converter 51 is preferably a

commer ci Fasistang dficluded withipymelworie Thnean nke vafied etiot comses-phase

| ocked | oop.. A device 4046 has a wi de variety of possible inputs and .

out put s. RARG O Fhs FegYiF sments ©F dhe rengaffused e #9adr 4%cat or 80,
Gomodul ator.  Fhre G A e ASTh AT U o TYR VESA TS FRARSFEPAGERPREG o
cort espoh i brilentl SabinesBH Y pdudd RRBIL M SRR Se82a8RAL IR The
g5, Oy FEoducd IEEGPladdd WOPeEYE  6REpAED bE 3150 WdIYs oy S Puol ERULIT

attached gy contvste$DEP MMAVHAS5avoLEs ABNCNAGRERO! dnabeC YsiRey RoSed by  *
tool 40. The particular signal processing circuit showm In Figure 3B uses

‘only an dealvrisd ptd cocrespundetdOdfie EleceirienllFrequiir@fmntd0ICady Ng

circuits shown in Figure 3A produce a digital output in addition to the $
anal og sisgpmeorsCdn srodloddt @néarsd giadr patoryessidrc $0Conmon to each Sensor

10 Signal Processor and Recording Means

Signal prpcesso:'so_contains four separate electrical
signal processing.éircuits which correspond respectively to
one of the sensors in tool 40. Each procéssing circuit is
connected in parallel electrically with respect to the compo-

15 site signal at terminal 74 from wireline 41. The first
component of each p;ocessing circuit is a filter which is
tuned to accept the frequency band of the sensor assigned to
the.p:ocessing.circuit. Various electrical components within =
each processing circuit are functionally identical and are

20 _shown'as blgcks within Figure 3A. Filter 100f is the first

-camponeht in the processing circuit: for the signal from
pressure sensqr_lOO.‘ Filter 140f is the fifst_pomponent in
the processing circuit for the signal from flow meter 140.
Filter_lzof.is the first component in the processing circuit

25 .for the signal from temperature sensor 120. Filter 80f is the
first component in the processing circuit for the signal from
collar locator 80. Unique components for each of thése

processing circuits will be discussed later.



20 sensor 80 which can be used with tool 40. A critical conpo- nent
required by all renote sensors used with the present invention is a DC
voltageyto frequency converter. The elec- trical synbol assigned,to this

component is Z1. DC voltage to frequerdt-converters satisfactory“for use in

the electrical 25 circuits of the sensors of tool 40 have the comerci al
desi g- nation &n ASEBRID 3Bonthet elegtrirahsfehemabioy foraddre exiiartit f r om
resistor 125 into an AC signal which is transmtted via resistors 123 and
124 to teMRiLSR PRPCESFES isdgnadoifrom qoldfdnecator; 80 &ifphevd 41 ow

f AC i t_.at 82 1. 81 he f f
5 out puforsdatai ron AP feal Hifemde e gk T, tous G 45
t | of .80 Wit hi he _t ubi.ng/. .ng. eral ' ' f '
(ravel OF \ARAY 0 Pl e 005 0 BT 1 s O
Per mgient ﬂﬁgr@i {0 bEEOREN 2R IRRY dPNEds Vi LN L | Oiﬁﬁﬁé}ﬁﬂﬁégl apgnt to
the coll. e voltage present at contact 82 is a function of the nmagnetic

coupl i ng ReipRatddte HdprRpr RN tEcFa@RRnS 1%ad viidRadOisignallle magnetic
coupling is'in turn a function of the thickness of the nmetal tubing and/or

casing surroundiilgdrodo £l Conheisex|d asetimntiof Haumsess t 6D uphd nedpd -
< ubing having a uniformthickness, little or no voltage is generated at
contact 8zZitozmn\&2 twitl8ltlpe cdpprepridte eteoctrianalS6hbheattemibspitswitbh
zero AC vol tage input from
o allqw an alternating current within the frequency range of 40
&"10' to 60 hertz to flow through thé remainder of the processing
circuit. Capacitor 63 blocks DC current from entering the
remainder of the processing circuit. Amplifier 64 accepts an
AC signal from filter 80f having a relatively low'voltage and
increases the voltage by approximately a factor of fifty.
15 Biasing circuit 65 consists of the required resistors, capaci-
tors, and diédes to §atisfact6rily_operate amplifier 64. The
output from amplifier 64 is approximately a sine wave as
represented by waveform 66. Fluctuations of the signallfrom
W/ collar loéator 80 between 40 and 60 hertz produce waveform 66.
20 When the signal from collar locator 80 is a constant 50 hertz,
the output from amplifier 64 is flat. Comparator 67 converts
waveform 66 into essentially square wave 68. Device LM 339 is
satisfactofy for use as comparator 67. Thus, amplifie: 64 and
comparator 67 plus biasing circuit 65 combine to act as an
25  operational amplifier and produce an 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



- contact 82. \When collar |ocator 80 passes a discontinuity within tubing 38

Iy

collar | Qat(ﬂe

such as the increased netal thickness of a collar, the magnetic coupling
with the coil changes causing an AC voltage to be generated at contact 82.
20 " ¢& Converter 81 is preferably-jgaed so that an increase in input
vol tage causes an increase in frequency output to approximtely 55 hertz.
As col | at0l46c dewide) sumesimemyréfearrdédictoohs aa, phakkageckedodsophe @oil
wi | | decrease causing the output frequency of converter 81 to decrease to
appr oxi miealige? 30464 haset wide\Wwear lekyatodr p@s sibiller dapudsa amdr oudipudds .
tubi ng 38 having uniformwal| thickness the voltage generated by the coi
will be &fsdi® RUICERFINT Prewit ofeputher sAgnahy Ercmr collarl locstem to
an approximately constant_ 50 hertz. -14- The electrical circuit for
‘%t?ena ‘Eév%‘?%‘l’tm aR% efi SEPGUSPRYC HARE WeHadR @PRTtri cal

cirgd ts _for tenperatur nsor 0 shown in Figure 5 and flow sensor. 140
sholls | nveFEem. OF dashdiiiy | ‘The SRS, drav oL aRt R epRYeSReE B1
convert er; ' i rd . ek plnabL46 wia line 122.
ectri ot SrEEbTRES G o e VoRtage BhebbETbhI TR 0 ), Khds' R e
for each.Rikaldd i@prebhis! B dpdisd ¥ebhase ddBdidi: - Ggjver ter
Z1 and the se#si ngg%ferrentSOf eac c‘ﬁ’cu!g%. Rescf stoélﬁ?%']lﬁd{:gi g:gle% 90 are
10 | oCaagmhetilchi éb@é@:th%e@éﬁéeﬁo Hy!NE6EQE0RS 88 WSl d SOUTRLT B net wor K
between term nal 46 and the respective sensing el enent and converter for ‘
each senswltage is directed through current amplifier/buffer 84 to L’
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-processing.circuits-shown in Figure 3A produce a

digital output in addition to the analog signal.

Collar Locator and Chéracteristics Common to each Sensor

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 convérter. The elec-
trical symb§l-assigned to this component is Z1. DC voltage to
frequency converters satisfactory for use in the elecfricél

25 'circuits.of the sensors of tool 40 have the commercial desig-
nation of AD537JD. |
Converter 81 transforms DC voltége received from resistor
125 into: an AC signal which is transmitted via resistors 123

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

s

»



Diode 90 is included wthin the voltage regulating network to ensure that
only DC voltage is directed to the 15 respective sensing el enent. D ode 90
provides a direct path to ground for AC voltage. Diode 90 also limts the
~vol tdge supplied to the sensing el enpt and/ or converter 21 to bel ow a
presel ected val ue. The output fromeach converter 21 is returned to <3

term nal 28upp¥fesia Lowi Fregteddyd ACUihRd4t aCapasither 32D ito |asidrker
- between these two resistors to filter or renpbve undesired frequencies.

Resi st or s 8R3tarviatP4tie uSrequency cof OBt pasttphty drtie nfrédiserceyt poff ¥Hicui t
: for converter 21. A frequency regul ating network 131 is al so connected to
: 25 each &Gnivputr 121 & cfungtian ofieth€ gagealofoiyamnelofofasensonvépbter Z
. to within a preselected frequency range. Capaci- tor 91 is part of the
. frequency YeERiRt ithe neeing/ caginder GenebAliéNar ddvisr i ACi dnputt Hirom
. electrical circuitggogéfx;sensors used in the present invention is

: termi Ol s 28RtREE4 $8 nthan 2B bexsz wikh Lnter 5i hatd® bRLT®cei ves

: 'DC current f§og% ower supply 70 via wireline 41. A portion of the DC
- current avEY Wit fromline 41 flows through the electrical circuit for

e seren AnbbbEad e lenail | [Rof SkBily ' e, podiiiBiga Rudhor 40 o

ey CoeseonesEbdndae Brhettan) honfdcrtiageSSend Bt

: 41_Each seoseactedpVes &l Euh@EUbhCHfaERENhaghe®iOCEOLERlhY BEEHEENS EAR

: llow«tggrmanent'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 hertz output with zero AC voltage input from
contact 82. When collar locator 80 passes a discontinuity
within tubing 38 such as the increased metal thickness of a
collar, the magnetic coupling with the coil changes causing an
AC vpltage to be generated at contact 82.

20 COnverte;vgl is préferably 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
output frequency of converter 81 to decrease to approximately

25'1'45 hertz. When locator 80 returns to a portion of tubing 38
having uniform wall thickness, the voltage generated 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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100 wireline 41 and transmts the remaining electrical energy to the

foll ow ng sensors.
-one sepsor

Sehsor

oper at e

*
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ner oy 1 PRI i ELbORe 4 ERGA et EuPE BRE A e, Vel eS HBaaiency
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func

i on as

6- part of 't age regulrat rng nefwork Supprying

el ectri calapeyRe 122G0NWIdAIrikdley THEWS _eeﬁfé&eié ggﬁ.hahén&%s&@%%sf or

resistors 123, 124, and 125 is varied as require the circuits sfown in
Fi gures dapacitddsban@bdiodes unitfiel Fordis£8H Scibeude €8k

after flow ng through resistor 125 to tenperature sensing el enent 127.
Anal og Diesired|vcltags. firomnbinei 22Rytevebhebkeetericanduthe’ sensing

10

15

‘element of each circuit. Resistor 125 and diode 90 are

located within each sensor to function as a voltage regulating
network between termina1f46 and the-respective sensing element
and converter for each sensor.

~ Diode 90 is included within .the voltage regulating
network to ensure that only DC voltége is directed to the.
respective sensing element. D;ode'solprovides_a direct path
to groﬁnd for AC voltage. Diode 90 also limits the DC voltage

supplied to the sensing element and/or converter 21 to below a

- preselected value.

20

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 remove undesired frequencies.

Resistors. 123 and 124 plus capacitor 93 partially define the

_output circuit for converter 21.

25

A frequency regulating.network 131 is also connected 'to

‘each converter 2l fo'cqntrol the AC signal output of each.

converter Z1 to within a preselected frequency range. Capaci-
tor 91 is part of the frequency regulating.network.. Another
common characteristic of the electrical circuit. for the:

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

1V i $eR¥RX a1 40+ o

qppgya&m@ble

Due to the.parallel electrical connec- tions, failure of
doe¥ “not cause failure of the other sensors. 15 Tenperature
A detail ed description-bd=tenperature sensor 120 incl uding

its electrical and nmechani cal components is contained in U S. Patent No.
4417470. 20 The ekegtriécalspivcuiheforecoiileal locatort 8@r haisngeferalem
perature sensor 120, Electrical power to operate sensor 120 is supplied
by el ect FRRFAFHRr ¥9E1@S 1 ApniSommors Witk thecglectyirpguraizeyidsietesned to -

with a 12 volt DC iagﬁt. Var i qus alterng%ive g%ectrical circuits
and poweteBRpERtRES 28enSQr| L2 5 ang |

9



S90KF whi ch can be used as element 127. Qther devices satis- faetpry for

use as sensing elenent 127 include a tenperature 10 sensitive Tesistor, a
.thernDcoupIe a thermstor, a silicon resistor, or a platinumresistor. The
mafn reqU|renent is that sensing el ey ?L 127 change its current output in
porpor- tion to its tenperature. Li ne 128 directs DC current from el ement
127 backréfminal 28MBENEheCFiTsd shsor!in W10 TR ALODT A 92

supplies an electrical input to vary the frequency output of converter 121.

Resi st or §ré@9 paeérl Fug Xy i 78 *ist dRkelrakenl enqe SOF£esh ber taddigd on to

the changing current from sensing el enent 127. Frequency
adjustlngunebnmrhxﬁiﬂahﬂérf&@mtmrneuanElﬁwsxﬂhrﬁﬂgﬁ iRd edevtihtala
presel ected frequency range. For the electrical circuit shown in Figure 5,
f requenceizduist ifior rtatorsernsdr i andethet eemadndert of the ehieendtisg
current (AC) output fromconverter 121 to within the frequency range 25 .
of 200 tdizegctedr by linee AAtiuttdrminabrz: t cfedRinak 46- foecthd herk to
term.nal 46 through line 122 via resistors 123 and 124. A signal of 200
hertz at SEBFRINAithen ek ehl scahebrowd@ctinimedlat eannectedehgoket20 can
- report. A signal of 400 hertz at term nal 46 represents the hlghest

%t enper at Bénal 4770f; fhe preceding sepsdepordin HHE mApneRndihe 1g8nsors
(AD590KF) is sel ected so that thls f.requency range corresponds to a tem

per at ur e 2F&n &gn&p ]lqnpqrgyﬁ elec rlcally with wireline 41. Each
e sensor removes its required amount of electr;cally energy from

10 wireline 41 and transmits the remaining electrical energy to
the following sensors. Due.to the parallel electrical connec-

tions, failure of one sensor does not cause failure of the

other sensors.

15 Temperature Sensor

A detalled description of temperature sensor 120 1nc1ud1ng 1ts
electrrcal and\mechanlcal components is contained in

U.S. Patent No._h#17470.

A .i
.20 - Flgure 5 shows the electrlcal clrcult drawing for tem-
perature sensor 120. Electrical power to operate sensor 120
- . is snpplled_by electric line 41 to terminal 46... The circuit

. in Eiéure 5 is designed totoperate with a 12 volt DC input.
ﬁarious alternative electrical circuits and power supplies
25 .will be apparent to those skilled in the art to carry out the
funetion of temperature sensor-lzo. | |
Line 122 supplies DC energy from terminal 46 to DC
voltage to frequency converter 121 wvia appropriately sized

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



Li ne 48 didects electrical power fromterminal 46 to 05 term nal 47
bypassing the el ectrical conponents of tenperature sensor 120. Preferably,
termnal .46 is |located at one end of the tool carrying sensor 120 and q&
term nal 47 at the other. This'configU%QHi<3n allows electrical line 41 to

I ower, to.t el egtrical_conmponents of sensor 120 and to pressure 10
conoor DaRELs |85 el yobrgn e e R oy SV BR L RS gISREELPAL

TSTPeT A GiGETe0T B SR 108, CAROL IS LTS, 0L L ine

122 and resi stor 0.operate conver _ _ P ows
from ter rgdipd sdfird 01381P8RAL UrFFess N kel 22,4 £Si stor
125, and |i nes 126. Tﬁé val ue ég?étﬁ? D%scurren%ttd-f ow¥%ﬁ,‘rl%t§ﬁ éyerirélm 127

changes |difuied tagwr Ot e pased 4 | e, taipeg at ure -of el ement 127. The
vol tage drop across summ ng resistor 92 provides the input to converter 121

20 030 vary tlimeul st direqtenelieoDCC MheYderavRilldb O @06k @lokenghe
tenperature of elenment 127. The alternating current (AC) output

(t enper atthroughynzepistom AR etoverteideriatutier esémsing aellement2213 D, '
termnal 46. The signal fromtenperature sensor 120 is transmtted to 25

term nal Aneleg Revigesdng. has |a gomenfcial ky gned ifatike teoridid) rivumbemed

to accept HPe si.gnals wi'thin the frequency-range assigned to tenperature ¢
sensor 1RP KﬁﬁWﬁiﬁhjﬁiﬂ be wspdipsnelameftt ha7san@thers flevicesosatisept

havi di ffergnt val ues of inpductance and _capacitance. The output from
;iolrt efv'lg%fccg%ry tecgr18qse as sensgng eilement 127 ICJz.nclude a temperatu%:e \J :

10 sensitive resistor, a thermocouple, a thermistoi, a silicon
fesistbr, or a.platinum resistor. The ﬁain requirement is
that sensing element 127 change its current output in porpor-:
tion_to its tempefatﬁre. |

Line 128 directs DC currént from element 127 back to

15 summing resistor 92. The voltage drop across resistor 92
-supplies an electricgl input ﬁo vary the frequency output of
conVefter 121. Resistors 129 and 130 provide a étable refer—
ence current for addition to the changing currenf from sgnsiﬁg
element 127. ~

20 Frequency adjusting network 131 controls the output of
converter 121 to Within a preselected freqﬁéncy rénge. For
the electrical circuit shown in Pigure 5, fréquéncy adjuéting
network 131 is selected to control the alternafiﬁg cufrent

(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

e

and 124. A signal of 200 hertz at terminal 46 represénts the
lowest temperature that sensor 120 ‘can report. A signal of

400 hertz at terminal 46 repreéents the highest temperatue



* an AC sine wave signal having a frequency corresponding to the .39
tenperature of the well fluids surrounding sensor 120. This signal is next
directed to operational anplifier 56 which increases the strength of the
siyhal &nd converts the sine 05 waveld3ignal to a square wave.signal
Frequency to DC voltage converter 57, which contains a 4046 device (or
phase | ockBat| §8ppor; d28i ¢ay Fﬁ@°§¢gnaseﬂﬁéngaﬁéﬁmﬁh@rlg@.(Agﬁ@0$6ﬂ61¢ev:ce
wi thin freguen converter 57 depodul ates the signal an roduces an .anal og
out put fo?ggsﬁgéﬁa§&%§ni¥I?hﬁ§E#FeQF?Q¢Nsr§BHe FeXpeEpPONE@snter fertegr

. ) : | . . it f
col L ar T oRaPSraBg = BB B 1 PheBoney +lfieR Sor 5o Sfiiségﬁg? a si ;naf’:to
ltisaRli | jqit out put. fo erature
on’ I ne. ol rhinB ¥, Efdedlls CU1BEREINERT Bebled 1Al n%g’f:ﬂ’eni% 28R
_ : . : .
LBl et SERHRY! B9 bpbauding Efiel e05cLERENE COHDORERLS DL e Btk ERUEDCY

‘decade cogghsbrWiRbhi.n bhefethblyl,! termingl 28 %@ah%&aEgﬁpgﬁﬁbﬁkee%hg%ﬁl 'S
avai lable at termnal 137 for uSe by strip chart 71 and a digital signal at

20 termthel 433 foarrydmgbysenyqtit P20 7and Freym$aas oy 7Tha: nexdapikét .
«onfiguration of flow nmeter 140 is shown in Figures 7D and 7E. The

- el ectri cafhishemnfiguiratibhowliewsr electritdli 4isleoWl ito FEupBEy dpover
frequentlz conducted test is to lower tool 40 to a position immediately
above t hetpofhef dactaisglomenpanentows sensayhlfObiamd 3 apréssurasi ng
32~€ommuni cating.with. the fluid progucing formation. This position is
veri tPed gensor 100 attached to terminal 47.

Electrical Operating Sequence for Temperature Sensor

DC electrical energy flows from terminal 46 through line
122 and resistor 125 to'operate converter 121. DC energy also
15 flows from terminal 46 to temperature sénsing element 127 via
line 122, resistor 125, and 1ine 126. The value of the DC
current flow through element 127 changes in proportion to
éhanges in the temperature of element 127. The voltage drop
(W across suﬁming 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 curreﬁt (AC)
output (temperature signal) from converter 121 is directed vig
it line 122 to terminal 46.
. - The signél from temperature sensor 120 is transmitted to
: 25 ‘terminal 74 via wireline 41. Filter_lZOf in signal processor
60 is tuned to accept the signals within the frequency range
assigned to temperature sensqr-lzo. Filter 120f is functiop-
ally the same as filter 80f except for having different values

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



-19-- counting collars as tool 40 is lowered. The well is then allowed to
pioduce at a desired flowate. For this test, flow nmeter 140 i s not
-required to determ ne the absol ute val ue of fl ow such as 200 barrels per
hGift. .But rather, ‘the signal 05 froh8< ow neter 140 is designated as 100%
flow Tool 40 is then slowy |owered past the perforations to record the
percent ag® Rafdae Waveowigard. MENiing & fRadveRrTl e meniing g dther

pl ugged perforations vant age of the present invention is that
pressure%eFEﬁﬁéﬁﬁﬁﬁwQﬁ;#ngﬁ? ggulgﬁoéﬁFFBHn iRIpEeTSAR tLAfbouThis
Eﬁgﬁ“[ﬁiﬁés%x'eﬁ A1 PEBy A ny tsthaFa: BeRFPELPREL: TR ot ea%""#:ﬁsgaéine |
!spnalriane%f?;ra\ggo?& ng o?é%(%gélgegl f}‘;g'r en %ar an‘%ﬁ@?g%grﬁgo%ersﬂ%y bl e.
el Pocon o es S O & e R R g b F ket Bl B FegiRat™™
adJ acent copivieh U THE! Wifch mbﬁasingpan AP LdFice 1{&;503 5@9 g&%ﬂson of

shaft 142 attached t her et o. El ectrical contacts
surround 15t %elwesﬂé:%ﬁgtﬁl SHYOM) a1 £06F | 61, ONTbadd 44 4devile .
cause electrlcal contacts or swtches 143, 144, an 145 to close as shaft

142 r ot atdxHime ﬂﬁé@ﬂéﬁcﬁaﬁonwﬁ’te&\/\ﬂ $7hdekd@uiparsd othé olsdigndl Odnghaft
142 is proportional to the velocity of the 25 fluid fl owi ng past '

. propel | epxrcittes Hie aadey dutpitation temmpletetwteooh byiteouss i nglh hﬁhﬁsnbeu
of closures of swtches 143, _
10 respect, converter 57 functions the same as converter 51 in
the signal processing circuit for collar locator 80. However,
frequency converter 57 also sends a signal to frequency multi-
plier 301 which produces a digital output for temperature on
‘line 59. The digital output is obtained by directing the
15 -signal from the 4046 device t@rough a pair of decade counters
 shown as. frequency multiplier 301 on line 59. A device 4017
is satisfactory_for use as a decade counter within this
circuit. Thus, an analog temperature signal is available at =
terminal 137 for use by strip chart 71 and a digiﬁal signal at bt

20 terminal 138 for use by computer 72.

Flow: Sensor

The Qechanical configuraticn:of“flow_meter 140 is shown

Ry

in Figures 7D and 7E. The electrical schematic for flow meter
o5 140 is showﬁ’in Figure 4. | | |
A frequentxy conductéd test.is to lo&er tool 40 to a
“;édsitioh iﬁmediately above the top_of-peﬁfotations (ﬁot shoﬁn)
through tubing 38 and/or casing'32'cbmmuniéatihg with the

fluid producing formation. This position is verified by



144, and 145 during a selected tine interval. The direction of fluid flow

past tool 40 can al-so be determ ned by recordi ng the sequence in which
tches 143, 144, and 145 cl ose. -20- The basic design theory for flow
sor 140 and its associated signal pgecessing circuit wthin signal

processor 60 is that a constant frequency signal of 1800 hertz repregrysents

no-fl ow (eounting @oldarshads €431 . 40 S flowdrdde- Phe wBEENGS t¥hedpO0
hertz represents flowin one direction. A shift in, frequency to 2000
hertz repaddewes ftoowroducke adppodiesdredr €lbwrate. Eafbxf thdsenegtshiflowi s
for a relatively short duration which produces a spi ke or pul se
r epr esent megexrotldil dis glotsirgquired thhideterminef thenabonlebat vabed oft hin
10 t he S|gnal “fromflow sensor 140 is determ ned by counting per unit
time the #@é]’ueﬁﬂﬁbs#ﬁf?%oabé%eéﬁ Perolothas BWr raHRer, f thequesdgpaind by
' t he val ue of t freq eng %*Shlft Pul ses per unit tine are

d .
p?gg@g{ i %gpmt d"lﬂ"’O\Wer%ﬁre 4 etg fesidpated ins e&ﬁ@ﬁcf OWi-f t TPRdi &% &€ t he

*di recti on

i s conta|ﬁ§ li?&i¥n °Veﬁﬁ& I%?rsﬁ:Trlggeelect gﬁéq%%& ggowaowﬁlFlgure 4

By cont ;Lﬁéfsﬂg%%%%%z‘— R A %Sﬂdéﬁﬁi%ﬁ%?”
circuit begamdgbal ds ﬁP&Wé&'?&# ge;{:a@'e R0 ma it Aol e DGENHLUI d

flow rate and the direction o ow by a OM/neter ch cl oses

swi tches pidsehtd invshtlidhn Téletﬁhecbl’r'e"s%hz‘é' ro&antpe?acﬁm'@naﬁareanaboard

159%i s required
10 location can be simultaneously measured whlle 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,.

simﬁltaneous reéording of these different parameters was not
15  possible. Also, it is very expensive and sometimes impossible
to duplicdte the same well conditions for each test by each
individual sensor.:

Fluid flow'adjacént to flow meter 140 impinges upon
propellers 141 causing rotation of shaft 142 attached thereto.
20 Electrical contacts 143, 144, and 145 surround shaft 142.

Magnetics (not shoﬁn) are carried on shaft_142 and cause
electrical contacts or switches 143, 144, an 145 to close as
| shqft_l42-:6tates the magnets past each switch. The speed of
rotétion of'shafﬁ 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. -



to aIIQM/fIOM/sénsor 140 to function as part of domnhole tool 40. Circuit

board 150 inctudes terminals 46 and 47, bypass 25 | ine 48, frequency
adj usting network 131, a voltage regulatlng net wor k partlally defi ned by
line 122 and reS|stor 125 and di ode 902¢02nd DC vol tage to frequency
converter 146. These conponents function in the same nmanner as di scussed
for tenperaturBheebasicl e siyh cohéory! goet A1RPD. sensor1140C a4 tPge i S

supplied to switches 143, 144, and 145 via line 170, contact 155, and line

@

171. TheaSEDvbate@esignahepannessiawabxﬁduiﬂﬂﬁrﬂhﬂﬂlsigﬂ&ﬁnpfbéﬁ§sébfough

resistor 125. Each switch 143, 144, and 145 is connected in parallel with

05 |ineb@7isythag @oconssendi frequsnmbrsigsl 168, 1808 beStz Geprede of
capacitor 172 is electrically connected to the |Iine between switch 143 and
resi stor §98% sTH@'SiﬂEr Wdé%a@éﬁ‘a o%i slrft 72424 - coAnahidit tin gfvemd.

d bet tch
1aq o8 0% éé‘@%f' t8 36000 W2 RRSESFent 1 105 AR (@he odizeetians.  Avmen
1 d resistor 173,
Toa or 19h s3cofnﬁf;%%@§5ff?°§'r’grou?o?%%#*;%c%%&a%%d‘ﬁ%ﬂ%"l%mo¢%§451.72
t Si.S
oPelyC SRpofite ADMOCEUAS | BAON OB Ly D LR SRS K st ey

7 € e Mhsann oty S50l o RIS SR O
associ at etbtapiontof SHREt s1412 schetiged tﬁealﬁﬁ&ﬁmaﬂf6ﬂ ¢MEPined within
10 the signal from flow sensor 140 is determined by cduntiﬁg per
unit time the frequency shifts above or below a base or center
frequency and by determining 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-inéividual circuit boards 150 and 151 as shown byxdotted
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 sﬁitches 143, 144, and 145,
The electrical circuit shown on circuit board 150 is requi:ed
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, freqﬁency adjusting network 131, a voltage regulating
network .partially defined by line 122 and resistor 125 and
diode 90, and DC voltage to frequency converter 146. These
.componenfs function in the same manner as discussed for

temperature sensor 120 and collar locator 80.

;J



zero voltage. 20 Inverters 183, 184, and 185 are directly connected -
to one corresponding swtch 143, 144, or 145. Inverters are used t o snoot h
oyt or elimnate chatter caused by rapid openi ng and cl osi ng: Sof its

associ ated switch during conditions ofafigh fluid flow past propellers 141.
Al so, inverters are used to 25 produce a very low or zero signal when its

associ ated swipchvbstegenis ¥ipplibar eoi swiechesi d48l onsaround fluswyiamt er
140, each switch 143, 144, and 145 renmi ns open. Thi s causes each capaci tor

172 to beldher 380 ,t coxtaicth M68 ueand dvink N7 . poBhe DCveodtayeghsi mhet to
- each inverter 183, 184, and 185. Thus, -22- the output from each,.

i nverter asguntgavaihgblesaften POwewakentoflewsothuough mesfisyod lRSw
condi tions. A device CD40106BF is satisfactory for use as inverters 183,
184, and Essh $Hét§bt&ﬁ?ﬁr%ﬁﬁmﬁﬁﬁﬂ|¥&%r%%rCQBBeCESQ ianparsdled UﬁthOS
rected to ate 186 collects switch_clo- sures.

out p@P fr&ﬁPREES&aFéa186°P§rﬁ PﬁﬁﬁF?ghFﬁﬁlsEﬁFlﬁa3nolﬁﬁowﬁeénapﬁron9nethe
sout put f {, 184, d_185 h th
outut 11 SHRCRE, APaRIEon e A% effrefiqally 1§50nEPEqd 083 BEp T3RESF "
corr es- 1g§§waeﬂdgathvnseanaeggglgtawEver PRk weﬁegcgeae W e o ps

-NOR gat e producing zero | ow out put ~anfi | e SW I'S réopened

1115 SUELEREDION (P QUSONRe! S akbuld?, AR IIhMEL B0, s 10

1§Ejfr0”1hké @ehABCk¥d in the same manner between switch 144 and its

10 resistor 174 and switch 145 and ifs 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 open, no current flow occurs through the
'cofresponding 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
through the corresponding resistor 173, 174, or 175, and the
associated capacitor 172 is diséharged to a relatively 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 6r eliminate chatter caused by rapid openihg and
closing of its associated switch during gonditions 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
capacitof 172 to be charged to a high value providing a posi-

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



15 hi gh output to zero or |low output. Therefore, the rotation rate of
shaft 142 within flow sensor 140 can be determ ned by counting the nunber
of zero pul ses per unit time on |line 187 and dividing by three. Shaft
rot'a®Pon can be converted to fluid fl<ge+ate by nultiplying by an
appropriate conversion 20 factor. In order to obtain the direction of
fluid fl othe ottt Lromuedch nidvetrter 183, f19bs dvd H8h il¥7a low coaliwe ned

on circui

t board 151. In addition to NOR gate 186, the output from

Vs

N~

i nver t er o1 8gex@ddrgingsnarfduvidd flovl icopdiltdonsre. A Aexsice (4 COEBR013BF

is satisf
sel ect ed

actory for use as flip-flops 176 and 177. Flip-flop 176 is
% ?ﬁ‘%’fﬁé@cﬁ?@ﬁ BT 3§ 129 L RNRTERT SnelS s v §4h- a3 k8dses before

itch 144. |f i t 144 cl irst, th t flip-fl 76 i
Sor o e | npUERe ORFPREL FERR: $Rohs e it 144 pranetebs B At 'S os

i nvegi er

flip-tl opgggﬁé%&éfgoéjm%ﬁ Il:Lf °ch§éaﬁsi,¥§t%(r)% ?F ?%éﬁg'r%%:suiss%j{tgcﬁ‘g:gf%f rqm

pr oduced

cl oses be or%égeoéég pos ‘??\3%@?;%%&]@8#%% ggéééljv}é)%" é%%a%ﬁ?phﬁ%psib]%f{%&%

positive
result of

BOOFBbw | SoRESELENE)N thBe oh¥PutNE o WIS Iiverodr! 188 ,1884 The
this logic circuit is that swtch closure in the order of {43,

144, and 448 T85ses bepe iRA HoeBaveta chadigd \thesiditPutiEkdn NOR 8Pate® have

a zero or

negative signal. Switch 10 closure in the order of 145, 144,

and 143 ci86e |When 188ytswitch 143, 144, or 145 is closed, its corres-

10

ponding inverter sends a high or positive signal which trips
NOR gate 186 producing zero or low output until the switch is

reopened. During one coﬁplete revolution of shaft 142, each

 switch 143, 144, and 145 opens and closes once. This switch

15

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.
cbunting the number of zero pulses per unit time on line 187

and dividing by three. Shaft rotation can be converted to

 f£luid flow rate by multiplying by an appropriate conversion

20

In order to obtain the direction of fluid flow, a logic

circuit including flip—flops 176 and 177. is contained on

25

" circuit board 151. 1In addition to NOR gate 186, the output

from inverters 183 and. 184 is directed to flip-flop 176. A
device CD4013BF is satisfactory for use as flip-flops 176 and
177. Flip-flop 176 is selected to 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

Q}

L]



have a positive signal and line 188 to have a zero signal. The output from -
NOR gate 186, which is proportional to fluid flowrate, is directed in
parallel to both NOR gates 190 and 191. The signal -on line 188 is directed
oy to NOR gate 15 190. The signalkagn line 189 is directed ody to NOR
gate 191. Device CD4025BF is satisfactory for use as NOR gates 186, 190,

and 191. ifhbertesulllgsof (dwiitchc AY5)quUr atf o p&sibve 08kY HAGR @dlg@alOGian | |

be triggered by switch closure in the order 143, 144, and 145. NOR gate 191 -
wil'l be tregegdved hfromi fihpRElopclivairbeforéhawditddr 1415, clédesandh 143.

The rate of trigger- ing either NOR gate 190 or 191 will be the sane as the
rate of tpegdsiveg oOPIne esi@trl Thesprodneedoencaineed 8folaratea paeses
proportional to the rate of fluid flow, and |ine 193 has a constant

vol t age wWEeANdi RIRCGeDRR elinej A8Phe Fideswitch 143 clagesabgfore a wen

t he sequence ,of switch closure is reversed, line 193 carries pul se

prop8Bt i oRLEIEIVE Stgale, 15 nHerehved oS TRBs T iRnfdomil 4Ry tagROSBELVAg
0 S 0 S 0 SO e T 4T
and cont aTH; hSRL L 0F BRI oGHBTEINRu0R, " FHak" SALER SRp¥ e, iBstheNcr
Tel oy 105 ORASEL ST 4% 244 3t ANLAAUS Fen T a0 AL Y BIES o
are connegligdadsadd 13pel 189 to have a zero or negative signal. Switch

e’

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 parallél 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,

\sand 191. The result of this configuration is that only NOR
“ gate 190 will be triggered by switch closure in the order 143,

\/E 144, and ‘145. NOR gate 191 will be triggered by switch’

20 closure in the order 145, 144, and 143. The rate of triggeg—
ing either NOR gate 190 or 191 will be the same as the rate of
triggering NOR gate 186. Thus, line 192 cﬁrries voltage
pulses proportional to the rate of fluid flow, and line 193
has a constant voltage when switch closure is in the 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
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conver t e§U146. A const ant vol tage i nput causes each relay to open.
Therefore, during no-flow conditions, both relays 195 10 and 196 are

open. +The vol tage input to converter

acr'oss resistor 199. This.valué of valjgge is selected to produce a

frequency out put of 1800 hertz from converter

146 is neasured by the voltage drop

146. VWhen the direction of

o,

-

fluid flowbpwertny obi AORPYAEES 190b&nar £9€NhnaNal bBEsEIRE E;%h%x géd8nl S 15
intermttently closed causing resistor 198 to be intermt- tentl connected

in paral Idtiviliness1%2 cand 993 This results in pul sed decreases | n the
vol tage input to converter 146. The value of the voltage decrease is

sel ected to prekRiceutpyw| feom INQR Uy 1AA pis dfird®Oa] heid Z2inomMaDrmit er
Closure of relay 196 causes resistor.198 to be connected in
par al | eI %rﬁﬁ%s}%‘t oF0 iillateyal switeh orstelay 196 a Hrhghesutmit afpeontr op

146. 20

aCr

output of 06 ﬁ%r

of 2000

tor Thj s her voltage is selected to produce a frequency
291 s dhRe

d t 1800 hert
- 25- mg%itfz%r %i%%vx% nlél'ﬁe nué]eearﬁ%tf%éu:és%es ‘ra%‘%eg%"rie ﬁ Cla o’rf‘f?"gé 2

proporti Qiatvéx.océi Ui g6 f | oV &S Seamt KRG,

from Fl ow Sensor 05 As previous

pr oduces
10

15

20 .

OW SEénso
gpen. Therefore, during no-flow cond1tlons, both relays 195

and 196 are open.= The voltage input to converter 146 is
measured 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
causes voltage pulses to be present cn line 193, relay 195 is
intermittently closed causing resistor 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 deerease'is'selected.to produce a

pulsed frequency output of 1600 hertz from converter 146.

Closure of relay 196 causes resistor 198 to be connected

.ein'parallei with resistor 197. This circuit results in a

25

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

F‘F@r"}§6 line 193 angngoppastnddeftect of

ds_150 £t | 46
1 equenoy e SR Tof LSty 28301 pedmullloboa -l%eei Rekarina ses

irté’% egc&t%&u balf! -LRLR EB! ON

<
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: Steady signal of 1800 hertz during no-fluid flow conditions at downhol e
i tool 40. Pulses, proportional to flow rate and having a frequency of 1600
i hertz, are produced by fluid flow in one d|rect|on at flow sesggor 140.
P&I-*Ses *proportional to 10 fl ow rate-28 having a frequency of 1800
hertz, are produced by fluid flowin the opposite direction at flow sensor
i 140. The fsignat gier ne-fkoweniThe iunhen off muldesion eacdy mitalatiomyis
. electric line 41. Filter 140f is designed to allow fre- quency signals
! within t hePTRREENabdr Hekyid tHlomomYfrtz to 15  enter the processing
f circuit for signals fromflow sensor 140. Filter 140f functions in the sane
+ manner as previously de- scribed for filter 80f. The AC output fromfilter
i 140f is di t . i} cussed
i anplifier F &
| val ugpf the A%slggglvlaﬂglg Cﬁmﬁfsaé 9189”‘&%5%0@6%4'36 ngrwaxsegy&e

i Sl gnal 1 nto essent Iy a sguare wave navil ng t he 'same quency as

?°SI9nal | ey ey i digall 40F - 1906 HdAv dual Irfo-r@eﬁlailﬂ%r b dilGRRcY

i to DC 25 vol t'age converter 211 which produces a DC vol tage out put

: correspontidnidld heobllequancypu Isas grbpegu@aﬁall MRt £ Dbw 188@eh i
.cproduces a DC output on line 212 of % volts DC. A frequency input of

: 1800 hert zhgrixyicesfreguenty SoPCl6000dhede8, harez ppoddueds by. Elvuild 1w

5 Thus, frequency pul ses from 42 -26- sensor 140
: pﬂgduceIuinmﬂm@gélpeeteenoat flowosensorrla0l aBulses, proportional to

10 flow rate and having a frequency of 1800 hertz, are pfoduced
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. PFilter 140f,is-designed to allow fre-
quency signals within'the range df 1500 hertz.to 2100 hertz to
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 *s
directed to operatlonal amplifier 210. As previously dls-
KJ; -~ cussed, amplifier 210 contains both an amplifier to incre?se
20 the absolute value of the AC signal and a comparator tdi
convert the sine wave type signal into essentially a squ;%e
wave having-the'same frequency as the signai'leaving_filteﬁ
Y 140¢F.
The flow signal-is'next directed to frequency to DC
25 ~voltage converter 211 which produces a DC voltage output
corresponding to the frequency input. A frequency input of
1600 hertz produces a DC outpdt_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



7

neasured on line 212. A unique feature of the flow signal processing
circuit is line 240 which directs the AC I nput frequency signal to contact

P

-241. Thigecallows instruments such 05 as an oscilloscope to directly: -

mori tor & performance of flow sensof26<40 and the signal processing

circuit through converter 211. The DC voltage pul ses on |ine 212 are

directed senqm a140 | produce oRfavalbage2p8lses 2us off qomyentese21d as

expl anati on, ngarator 215 will be assumed to_have a nornmally high or’
c

posi tive Wwe%n‘éln

si.gnal

md.f.gﬁr‘%{ﬁ%‘%?%?%ﬁﬁsw nlﬁhehm:%*eiewﬁ Lo st lgegb§°§??=é{i¥t whi ch
J

satisf a&%@‘i@aeof?‘?%?%li%% 16 S TATT s A1 {6 e tRiied s such .
g:érzrpa?a'?oér)s Zéi%tls no c?%a‘gr y voﬁ%ge&hi%ﬁréﬁatﬂé; gn\%ﬁg%fl%en

the vol t ags, Qo 11 4@ é’ﬂ@ tie ‘sihn#l (Prddessth g CORRM @1 Codveridr a

hi gh output. Conparator 215 is not affecte

DC.

#par 2ddr 286 wiminefedteesy of Fbeo HehRigHREh t he

by voltages below 7.5 volts

Thusai®m, si gnal of 2000 hertz from sensor 140 affects only conparator

~ 215, and a signal of 1600 hertz from sensor 140 affects only conparator
216.

| n ot herTherd®, vélbage npubsesli orcline 2hRsasecdipactedr iA5paradls to

pul se at a rate proportional to the fluid flow rate at sensor 140, and fl ow

‘in the oplebite domparatersalidsandnpiba- For pmsppeepubieep;pépoattmnal tw

flow rate. The DC S|gnal from conparator 215 is directed to inverter 217.

The ¥t

15 -

25

sieprEparater céhpaviddr bl AssunRd ctPehave 2 normally high or

positive output and comparator 216 a normally low or zero
output when the signal on line 212 is 7.5 volts . DC. ‘This
arrangement could be easily modified by those skilled in the
art depending upon the logic circuit'which is used to evaluate
the flow information. A deviqe IM339 is satisfactpry for use
as. comparators 215 and 216. When the voltage on line 212 is
\'8.0 volts-Dc; comparator'215 shifts to a low or zero output.

Comparator 216 is not affected by voltage higher than 7.5

.- comparator 216 shifts to a high output. Comparator 215 is not
é%affected by.voltages_beiow 7.5 volts DC. Thus, a signal of
.2000 hertz from sensor 140 affects only compérator 215, and a
signal of 1600 hertz from sensor 140 affects only comparator
216. In other-wbrds,.flow in one direction causes comparator
2i5 to pulse at a rate proportional to the £luid 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’direéted to inverter

217. The DC signal from comparator 216 is directed to

. volts DC. When the voltage on line 212 is 7.0 volts DC, N\

L ]



-27- inverter 218. Inverters are used to provide a DC pulse [err] uniform.
wi dth corresponding to the pulse rate of its asso- ciated conparator. The
si.gnal frominverter 218 is directed to inverter 219 to provide’ a signal
wi*h pul ses having anpli- 05 tudes iupsthe sanme direction as pul ses from .
~inverter 217. The signal fromboth inverters 217 and 219 is directed to OR
gate 220 \dmverter e238 sunFnvéeters saset aspodidc proviids tal DEI pulsat 8£5i gnal
at contact 221. The digital output at contact 221 is not affected by the ‘
~directon omifiarm widkth dorrespondiling tat phe fpulmecardtd nvfries 2ksgoand 218
is directed via appropriate lines and resistors 249 and 250 respectively to
provi de a d@hsadapPnparatan: afhe fsignab2freneinvesterr8dfi és diireicted 1 ow
causes conparator 215 to be triggered, positive pulses of uniformw dth are

present ofQ iHVEALLLh ROt 2 SigRal fiigh pulsesyhaving ampELTi on
o {1449 PSS, CMaP AL 200 L0 B e T2 podely v pul S Of
o Lo U i Mo 0 AU O 207 SR S U
Lo L0 ) R a0y 308 G Bl 6L prducnoatgRtly ok e
%SRRI S bl iy ey g, spaes et
22.\?:/'.cor r espo it taf fdvtedll MAC tthen difrdddond off @avdld FaesqQr 140.
| 10 The output from each inverter 217 and 218 is directed via
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 input to
15 amplifier 222. When the diregtion-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
N\ 215 and-216 is stable with no pulses. This results in no
20 | pulses being present or a zero voltage input to amplifier-zzz
and a zero output reading at contact 223. As either compara-
tor 215 or 216 is pulsed, an analog output ét 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



Li ght di odes 229 and 230 provide an alternative neans for indicating the
direction of fluid flow. The signal frominverter 217 is directed via OR
.gate 227 to nprglze di ode 229 44 -28- when fluid ';:h
flowis in one direction. The 'signal f2gminverter 219 is directed via OR™
gate 228 to energize diode 230 when fluid flowis in the other direction.
Thus si gneterpritioeish dfld0 i din dee aiwesutalon .ndiTthed istirgrel tmondiiractater of
fluid fl ow 05 in addition to _an anal og signal. Also, |ight diodes 229
and 230 Pldvide divected viai Ot igeter a8 sedsenengbze| Ahedel 238nwhen
aSSOCIated 5| naI processi g circuits are functlonlng prop-. erly. Pressure
Sensor flophelsi gRaf Fr@ﬁhﬁFegéﬁﬁgtéeﬁsor ThYS iS5 INadn REIREE0

‘”e{ma”ﬁ" AU DA SRS LR
capd t\éﬁc’gn&‘é} ’a‘% g‘? agg;ﬁg gf-gh 5?6? ﬁ‘é"i‘f é{?“} rgi

‘convertery 31@%, L ESEAd W'tﬁiée%e]ﬁéoi-eﬂl’ﬁs iixlxéeﬁl Qﬁd' n
t he sane manner as anpl I er go converter e fenperatufe signa
processi N Ldddtda Ei@‘ilé'.’?”ﬁfoéegﬂﬁge%&%ﬂ@wsﬁ’ﬂc@{@ﬁ%p gopure

signal which is directed to term nal "106 by 20 line 104. A digital
pressure ggignal is directed to term nal 105 by line 103 via frequency

mul tiplier 300. Electrical devices 4017 and 4024 are satisfactory for use
as multi @ressure Sensor : ' - \

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.
Functionally, filter 100f is equivalent to filter 80f but has
different values.of inductance and éapacitance. Operational
15 amplifier 101 and frequency'tg.voltage converter 102 process
the pressure signal after it leaves filter 100f in the same
manner as amplifier 56 and converﬁer 57 in the temperature
signal processing circuit. Frequency converter 102 produces
an analog pressﬁre signal which is directed to terminal 106 by ~/
20 . line 104. A digital_pressure signal is directed to terminal
105lby line 103 via frequency multiplier 300. Electrical
devices 4017 and 4024 are satisfactory for ﬁse;as'multiplier
300.
Strip chart'71 can be electrically connected to terminél
25 106 and computer 72 to terminal 105. Thus, the pfesent inven-
tion.allows for simultaneous recording and display of.pressure
and temperature at the welL surface.
Variousupressure.sensbrs are commercially available fOr.ﬁ

use as pressure sensor 100 within tool 40. An example of one

L

as



300. Strip chart 71 can be electrically connected to term nal 25 106 and .
conputer 72 to termnal 105. Thus, the present inven- tion allows for
S|nulta§eous recording and display of pressure and tenperature at the well
sticfack! Various pressure sensors are-@8mercially available for use as
pressure sensor 100 within tool 40. An exanple of one - 29- suo@:pressure
sensor i sSSRBWPLEFSYZE $BRSPY 3S56howE im-U.@ntBateptH3,B61K832cHet al .
Mechani cal Configuration Q5 The nmechani cal details of tool 40 are shown in
Fi gures 7XeBY&R0DW i &8 KAATRY 19%afLtine 41 is preferrable attached to
tool 40 by conventlonal rope socket 42. As previously explained, collar

| ocator 80 is preferably the first sensor 10 attached to electric line
41. Adapter subassenbly 16.0 i's used to mechanically and electrically

connect CcbbBANiSsHt QbneE +ffhand tenperature sensor 120. Wth only
n1nob5nDdTT‘EET‘6ﬁ§"§Uaﬁ$%$i§UBassen} bly 160 can be used to attach any

type of sensor to mell tooI Subassenbly 160 is generally
eylindrical w ppg HaH i ddY efglsa end ypd t 162
on the other end. Thr ea 4J?'Gl andiL%ZagrgBﬁ%e to ma%zei‘E aln §£§3g§1§

connect i onaket aaen ﬁl'@%r@@sor El@cﬂr@.@aﬂQLn@qqptﬁc |ﬁe%rﬁl%0%éﬂé&“ n
subassenbly 160, is nmanufactured fromelectri-
to tool 40 by conventional rope socket 42, As previously
explained, collar locator 80 is preferably the first sensor
10 attached to electric line 41.

Adapter subassembly 160 is used to mechanically and
electrically connect collar locator sensor QO and temperature'
sensor 120. With only minor modifications, adaptei subassem-
bly 160 can be used to attach any type of sensor to well tool

15 | 40. - Subassembly 160 is'genefglly cylindrical with internal
~ threads 161 on one epd and external threads 162 on thé other
end. Threads 151.and 162 are used to make the mechanical
connectiop between the sensors of tool 40. Receptacle 164;
disposed within subassembly 160, is manufactured from electri-
20 cally conductive méteriai such as copper. Electrical insulat-
ing material 165 surrounds receptacle 164 and prevents elec-
trical current flow bétweén réceptacle.164.and the qther'.
portions of subassembly 160. Electrical connectors 166
.(banana plugs) can be inserted into réceptacle 164; lThe tip
25 of each connector 166 fﬁnctions electrically as.either tgr-
minal 46 or 47. Elastomeric seals 163 are pfovided to block
fluid communication between the exterior of tool 40 and the

electrical components carried within each sensor.



20 cally conductive material such as copper. Electrical insulat- ing.
materi‘al 16§ surrounds receptacle 164 and prevents elec- trical current
.flow betweén receptacle 164 and the other portions of subassenbly 160.

El ect¥ical connectors 166 (banana pl ad®r- can be inserted into receptacle
164. The tip 25 of each connector 166 functjons electrically as either
ter- mnal ‘46Fog; the spegdfEee ek 4l shym e Bisrer AP bl pReSIVLs d

=

e

conmmuni cation b n the exterior of tool .40 and the electrical] conponents
Carriocd REPACR al0h AogR POt haveya terminal eqiivalent to termingl £br {he

e it _ ,
o1 mi nal CEqiTA O ek RSO of T RO (b RO S EDre.

two wire 7 v/ Leal 1oy C t
tonper ot oS OReCesidably BoRRLLLER) o FOBBREREE, 43 | SF Medipetheie
Preggur e saaree’ 1200 ! WidéPRlM AW RIoddRIRIP @) dd Rl 44 Ior RS SosSi A
signal therefrom Wre 170 extends through hollow tube 172 whic
mechani cgehgoand 08l aet rsupllyy WS Stite 66 Sahe ﬁeaﬁﬁmi’w@heV\Pt%sH&e
supplies the electrical power to and transmts 10 the signal from

t erm nal sdgnafl filmrefirmanr MWikre PL28sextendssahrbighi hodilioachartbd ol Tarri er

assenbly 110 by threads 116. Assenbly 110 includes subassenblies 107 and
108 whi cwhich meshanisally andecelecthicallysbyradees 7prasgupeoisensiore
rails 114 and 115. Rails' 114 and 115 are segnents 15 of a cylinder
havi ng t #@%san¥irendii? AvpRiies theelectrinplh POREite andnttansnits

.Cong%tib%%eWgEGngﬁokr%%'téé%ihg i%% gkagi%%rsensor 140.
P:essure sensor 100 is attached to carrier assembly 110
by threads 116. Assembly 110 includes subassemblies 107 and
108 which are mechaniéally connected by bypass tubé 172 and
protective rails 114 and 115. Rails' 114 and 115 are segments
15 of a cylinder having the same length as bypass tube 172 and an
‘o outside diameter comgatible with tool 40. Aﬁ inside diameter
111 is machined on each rail to allow sensor-loo to be carried
with assembly_lld. The final result is a downhole tool having
a reléti?ély uniform outside diaﬁeter with sufficient struc-
20  tural inﬁegrity io protect delicate electrical components.
| | The previously described tool 40 and recording meané_50 
can be readily adapted for uée in other eleétrqnic systems.
The previous description is illﬁstrative of only one embodi-
ment. of the éresént invention. Changes and modifications will
25 be readily'apparent to those skilled in the aﬁt and may be
| made without departing'from thg scope of the inveﬁtion which

is defined in the claims.
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111 is machined on each rail to allow sensor 100 to be carried with
assenbly 110. The final result is a downhole tool having a relatively

uni ferm outside dianmeter with sufficient struc- 20 tural integrity to-
pretect delicate electrical conponents. The previously described tool 40
and recording nmeans 50 can be readily adapted for use in other electrppic

systens. The previous description is illustrative of only one enbodi- nent
of the present invention. Changes and nodifications wll 25 be readily
apparent to those skilled in the a~t 388d=may be nmade without departing from
t he scope of the invention which is defined in the clains. - 30a-
Reference is made to our co-pending Application Nos. 8227374 and 8430604.
The present Applicatiogegas been, dlvhged out from |ca%§ n .No. .8227374
and Application No. 845859%e0eRcts ISP Q4 fOF Plicatiog. ot or .

- 31 - CLAINE 1. GoLl 0fo59998" 2l 0" 8456604, 2 MR IpdWlind AodTBRANNIINI nedr | OUS

pararret ers at a re conpri sing.

¥ ecei ving el ectri gaknPEYELasaPRE SR ALISL RANSRIn Al feraATANSd ti ng

- Application No. 8430604 describes and claims a collar

5 locator.



i nformation froﬁfthe—seﬁsorr—a—ﬁfeﬁelIor mounted on a shaft which rotates
as fluids nove thereijst[ ﬁernanent magnets carried by the shaft; nagnetic

10 detectingl"ﬂ n Eﬁﬂuate each time a magnet rotates therepast ™
to produce a signaly n K
vol tage to ffaguency converter;

il

power received fromthe termnal to the 15 converter; a rotation
direction detecting circuit arranged P receive the signal fromthe

magnetic detecting means and to supp
to said fluid flow ragaarg | ndicative of the direction of

proporti onal

t™0 the converter an input

flurd flow, and a 20 frequency adjUsting network to control the
converter output to within an assigned frequency band. 2. A flow sensor as
clainmed in claim1 wherein said frequency adjusting network is arranged to
control said converterl.suéhfilbut seasdrcfovenser iR5a wellptodlcesrsignals in

a first part of said frequency - 32 - band between 1500 hertz and 1700

o fluid flow rate past said propellor
a.vol tage regul ati ng network which directs

2

hertz when indi cReRfYringwVrs 1046 BRFABELBASaAl 3i gemptei hogatkennd part of
said frequency band between 1900 herté %nd 2100 hertz when indicating flow

in the other dir&PP5iSiB9: a termina

2 wherein f1uid iJapiisql 0 CRECYRYoR LREIHSECY L ek ag e

10

15

20 .

25

information from the sensor; a propellor mounted on a
shaft which rotates as fluids move therepast;
Permanent magnets carried by the shaft; magnetic

detecting means which actuate each time a magnet

rotates therepast to produée a signal proportional to

fluid flow rate past said propellor ; a voltage to
frequency cohverter; a voltage regulating network
which directs power received from the terminal to the
converter; a rotation direction detecting circuit
arranged to receive the signal from the magnetic
detecting means and to supply to the converter an
input proportional to said fluid flow rate and
indicative of the direction of fluid flow; and a
frequency adjusting network to control the converter
output to within an assigned frequency band.

2. A flow sensor as claimed in claim 1 wherein .
said frequency adjusting network is arranged to
control said converter such that said converter

produces signals in a first part of said frequency
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converter output froma value internediate said—band‘pﬁ“f"'?ﬁé_ﬁgﬁber of

frequency shifts per unit tinme being directly pro fluid
propellor. 4. A flow senso ﬁi “} ﬂ

f bowpast the 10
hewdi nbefore described with reference to and as’
dr awi ngs.

6

e '(r

&

10

€ sacconpanyi ng

- 32 -
band between 1500 hertz‘and 1700 hertz when indicating
flow in one direction and signéls in a second part of
said frequency band between 1900 hertz and 2100 hertz
when ihdicating flow in the other direction.

3. A flow sensor as claimed in claim 2 wherein
fluid flow is indicated by a frequency shift in the
converter output from a value intermediate said band
parts, the member of frequency shifts per unit time
being directly proportional to the fluid flow past the
propellor.

4. A flow sensor substantially as hereinbefore-
described with reference to and as shown in the

accompanying drawings.




