.L ' -1- ELECTRONI C WELL TOOLS AND MULTI - CHANNEL RECORDER - This i'nvention
reIates generally ‘to el ectrical recording devi ces and mul ti pl e; sensors for.
measuri.ng various par anet ers at locations renote fromthe recot i ng devrce
The present 05 invention is particularly adapted for -using.nultiple. '
sensors=to nfasure various paraneters at a.downhol e |ocation within the
bore of™an oil or gas well and to record each paraneter.at the rjaarggﬁs
-surface. However, the.invention can be used to neasure varrousgﬁg t
at the well surface or to neasure 10 paraneters in other types of wells.
'For many years, operators of oil and gasl wel|ls have been interested i'n
measuri ng various physical parameters associated with each well in order to
understand the characteristics of the underground hydrocarbon producing -
formation and to opti- 15 nize the production of hydrocarbons from each
wel | . Some of the nore frequently neasured paraneters -are: a. bottom
hol e pressure and surface pressure when the well -is both flow ng and shut
“#n; b. flow rate. versus pressure and direction of fluid 20 : '
ftomr'c._ pressure versus tine both durrng pressure buildup after shuttrng
ina well and pressure drawdown after resum ng flow :

- ELECTRONIC WELL TOOLS AND MULTI-CHANNEL RECORDER

O



g'df oi | versus gas ratio in the productlon f|UId and 25 e. the
depth at which each paraneter is neasured. U S. Patent 4,107, 697 titled
Pressure Recorder with Power Conservation Means and U.S. Patent 4,161,782

~“titl'ed Mcro- processor Conputerized Pressure/ Tenperature/ Ti ne Down- Hol e

Recorder disclose well tools which can_geasure and record some 17 of
g;these pariﬁeters.-The present invention discloses nethods and apparat s for .
" measuring ahd transmtting information from5 mul tiple renote sensors
“through a single conductor electrical line to a central |ocation conprising.

the steps of traRgniihviengicheekblhtak gaaegiliyombacpevericalr eecerdiheg -

central location-to the sensors via.the electrical |ine; each sensor

convert i ngevlieesl endr mualtiple sensemer fprt meassrgngl vaeicibua. padameters
~frequency range assigned to that sensor; transmtting the conbined signal.
fromal | aft tiecatdens: semotehciramt the reeardipg viaviee- o Taer PE&FSRENe;

“filtering the discrete frequency_signals fromthe co ed S|gnal on the
el ect‘H calinyention s, @agticnd axdy: AsePtsdadiosn WG G‘Hﬁctel & e

I b : d f th f _
S Tnant | v i SR wA e "B R0sbhRRRTR | 3?%%5%%1‘?%2% Pon 20
p-there I's Q{%Y%%E% %fnghhSQIOBr”8§§UQEE9 Qﬂg to record each parameter at .

the well surface. However, the invention can be used to

measure various parameters at the well surface or to measure o

10 parameters in other types of wélls.

For many years, operators of oil and gas wells have been
interested in measurlng various physical parameters a55001ated
w1th each well 1n order to understand. the ~.naracter:v.st:n.cs of
the underground hydrocarbon producing formatlon and to opti-

15  mize the production of hydrocarbons from each well. Some of
the more frequently_measured parameters are: |

:a. .bottom hole pressure and surfaoe.pressure'when_the_r

~well is both flowing and shut in;

- b. flow rate versus pressure and direction of fluid ;J_

- 20 flow;. | .
c. pressure versus time both during pressure buildup
| after'shutting in a well'and pressure drawdown after
resuming flow; |
d. oil versus gas ratio in the production.fluid; and
25 e. the depth at which each parameter is measured.
U.S. Patent 4,107;69? titled Pressure.Recorder with Power
Conservation Means-and U.S. Patent 4,161,782 titled Micro-
processor Computerized Pressure/Temperature/Time Down—Hoie-

Recorder disclose well tools which can measure and record some
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“transmitting information fromnultiple renpte' sensors located in a vwejl
bore through a single conductor electrical line to a central | ocati on
conprising the steps of:- 25 - 3a - a transmtting electrical. energy
froma power source at. the central |ocation to the sensors via the
electrizal line;, 5 b.  each sensor neasuring an assigned paraneter
and coHVérting the electrical energy to a signal within a discrete
frequency range. assigned to that senso 'sai d signal having atfrequency
proportional to the value of the paraneter 10 c. transmtting the
- conbi ned si gnal frgg1@hgsgfpgpgm§§@§grs to the central location via the

el ectrical |ine; do. filtering the discrete frequency signals
fromthe conblned S|gnal on t he electrlcal line at the central location to
produce one discrete signal for each sensor; and 20 e. processi ng
each discrete S|gn@hetBrebeatnlaveead@mtdtﬁcl¢ﬁﬁ$rﬁQ#hnﬁS(ﬁﬂdlﬂﬂﬁﬁﬁaﬂﬂ§d
fronlthe respective sensor.
& . for measuring and transmlttlng lnformatlon from
5 multiple remote sensors through a 51ngle conductor-'
electrlcal llne_to a central location comprising the
' steps-of.transmitting electrical energy from a power
| o ' ~ source at the central locatlon to the sensors v1a the
electrlcal llne, each sensor convertlng the electrlcal
10 energy to a signal within a discrete frequency range
assignetho that senser; transmitting the combined signal
from all of the sensors to the central location via the
electrical line; filtering the discrete frequency
signals from the combined signal on the electrical
15 line at_the'centrai-location to produce ohe discrete

'signal to obtain a readout of the information

transmitted from the respective sensor.

According to a first aspect-of the present invention
20 '~ there is provided a method of measuring and

ttansmitting-infdrmatibnlfrom'multiple remote “sensors -

n

located in a well bore- through a single conductor
- electrical line to a central location comprising the
steps of:-

25



- 3b - .. According to a sécond'aSpect.df t he present. invention there
.1's provided a systemfor sensing nultiple paraneters at renote | ocations,
transmitting information concerning::each paranmeter to a central 5

‘location and recording the |nfornat|on conprising:- a. - a power supply and

signal processor at the central |ocation; 10 b. a plurality of —
sensors.; C.* an electric:line connecting the power supply and sngnahﬁ
~.processor -wigh the sensors;, 15 _ =4._ each sensor being arranged to
‘measure an assi gned paraneter and each sensor haV|ng_a frequency nodul at or
for imposing on the el epiimit ey e TNAlcal tdtidrey diremr af @dweaquencye
range assigned to that sensor said signal having a frequency 20
proportional to the vahtietlpd ddretpesl aimteriore.to theplaemdarnsy wifa fnh@quency
filters within the signal processor and each filter selected to extract -

fromthe conbi ned 5|gnele©hﬁ¥©%lelknﬂr|c 25 - l i ne the signal frbn1._

one aSS|gned sensor, and

5 b. each sensor measuring an assigned parameter and
‘converting the electrical energy to a signal
within a discrete frequency range assigned to

that sensbzﬁnséid.gignal having a frequency

proportional_to the value of the parameter;

10 '

c. transmitting the combined signal from all of the
sensors to. the central location via the |
electrical line; .
15 ds filtering the.discrete frequency:signals froﬁ the.

combined signal on the electrical line at the
central location to produce one discrete signal for
each sensor; and ' | _ ;;

- 20 e. *proééssing each discrete Signai to obtain a readout : 

of the information transmitted from the respective

sensor.

[hl



~f.. the. signa
to provide an indication of the. information transmtted from the:
respectrve sensor.
theré&’is provided a met hod of nmeasuring and transmtting information froma
wel | toot having multiple sensors at a downhole location in a well

througﬁ\a srngle conductor electrical*line to the. well surface conprising f__'

the steps of:

each sensor _ .
energy to a signal a¢cbliating €bSar sé€ohd CHSLECY $ANGRe a5 G vy edtion

that sensor,

a.

processor bei ng arranged to process each di screte:

the electrical |

' Si ned_;a-
s

5 According to a third aspect of the present invention

bore 10.

transmtting eIectrrcaI .energy froma power source at
t he wel | surface to the well tool via :
measuring an assi gned. paraneter and converting.

i ne; b-

the electrical:

sai d signal having a frequency proportional to the val ue of

t he: paraneter c. theaesiistprogidee sospsven £ogrsdndimmmiltipfld he sensors
to the well surface on the electrical 25 ' I ine; -4a: d.
filtering the d|scPéFémPFeqaehéyrsmgh%Jb°¢at#nm$matxﬁnﬁmuxtkngﬁuﬂ on the
electrrcal line at the _
1nformatlon concerning’ each parameter ‘£o a. central
.. 5 location and recordlng the 1nformatlon-compzlslng‘-f
'a.  a power supply and signal processor at the
A central location;
10 b. a plurality of sensors;
c.' an electric llne connectlng the power supply and
' s1gnal processor w1th the sensors;
15 'd." each sensor belng arranged to measure an a551gned'
parameter and each sensor hav1ng a frequency
o modulato: for imposing on the electric line a
C signal within-a_discrete frequency range assigned
to chac sensor said signal having a frequency
20 proportional to the value of the parameter;
e. a pluiaiity,cf frequency filters within the
signal processdr'ahd each.filter selected to
extract from the combined signal on the electric
—~ 1line the signal ffom one assigned sensor, and

25



3Mell surface to produce one dlscrete S|gnal for each sensor; e.
processi ng each discrete signal to obtain a readout of the |nfornat|on

~transnitted fromthe respective downhol e sensor; 10 - f4 - transn1tt|ng
~direct cur;gnt electrical energy to the domnhole tool -by the single’
conduct or electrical line; and,g. varying the total quantity of the—~
direct current 15 - - by presel ected anounts whi ch correspond L

respectively to the nunber and type of sensors carrled by the well tool,
_According to a fourth aspect of the éresent invention 20 . thereis
_provided a systemfor sensing multiple parameters at a downhol e -1 ocat i on,

transim tting infofsmati tie coigmahiprpesssr pareing ar nangede hNeIPIrOQtQSISace and' |

recording the information conprising: a power suppl y and si gnal processor .
at the well surface; 28ach discrri®itplanadhdio RAAYTe 37 GMQHQ§$L9P Sensors;

e -4b- single electri i connectin su and signal .
processor with the domﬂ%o?leet’db‘r? %W%eﬁ%d}srﬁéf#dﬁﬁ%ﬁg@% to neasure an

- assi gned paraneter and_e SO ving a frequency nodul ator for
inposing 5 on th@egﬁ%ﬁgf% %?JEB& 'signal within a di screte

5 .
Accordingitd a third aspect of the present invention.

there is provided a me;hdd of'meaSurihg and_e

transmitting information from a well tool having 3 o’

multiple sensors at a downhole loEation in a well bore.
10  through a single conductor electrical line toithe.well

: surféce-comprising the steps of:-

a. transmitting electrical energy from a power
source at the well surface to the well tool via

15 . the electrical_lihe;

b. each'Sensor.meaSu;;ng.an_assigneduperameter and
.-_coﬁverting_the electrica; eﬁergy to.a signal
within a discrete frequeﬁcy range assigned to
20 : that sensor, said.sighal.havihgpé ffequency

proportional to the wvalue of the parameter;

c‘_-etransmitting the combined signal from all of the
sensors to the well surface on the electrical

25. . — line;
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f requency range assigned to that sensor, said signal. having a.frequency .
proportional to the value of the parameter; a plurality of frequency -
filters within the signal ‘processor with each filter selected to eytjact 10
fromThe electric line the signal.fromone correspondi ng sensor, and the

si gnal -processor-being arranged to process each discrete signal to provide
an i ndi &4tion of the information transmtted fromthe respective sensor.
- 4c - The- invention wll be described now by way of exanple only with
particul.ar reference to the acconpanyigg draw ngs:. In the draw ngs: FIGURB
1l is-a schematic drawinc,. partiallytv -in sect-_ elevation, showi ng the.

Present- invention @s useih#édihd eaRedidcd et Qirleq&@elcga&ipﬁlahs. £EBR the
recording. .eans located at the well surface is shown in block diagram -
form- FIGURE 2 i s a-schegmhbinell aigmalofora thewehelcertieall ildaaer atperati ng
the present invention located within a well bore. FIGURES 3A and 3B are
schemati-c drawi ngs show WRiboudfmne dfo mrodyicecioniec disciretei sdgonalt fer
recordi nc neans and power supply used in the present invention. FIGURE 4 is
a schematic drawi ng shcv##P §R#Q%ns of the electrical circuit of the flow
rate'sensorsmhjch is contained within the downhole tool of Figure 2. '

L3 .
€. - processing eéch»discrete'signal to obtain a
' readout of the information transmitted from the

~ ' respective downhole sensor; -

10 fa _transmi;ting direct current electrical energy to
the downhole tool by the single-conduétor-

electrical line; and

g. varying-the'totél quantity of the direct current
15 by preselected amounts which'correspond-
respectively to the number and type of sensors

carried by the well tool.

~According to a fourth aspect of the present invention
20 there ié providéd.a syStem for'sensing'multiple
| parameters at a downhole 1oéation, transmitting
information éongerning_each parametér to the weli
surface'and-récording the information c¢>mprising: a
power supply and signal processor aﬁ the well surface;

25 a downhole tool having a plurality of sensbrs;ha



FI GURE 5 iS-a schemati ¢ drawi ng showi ng portions of the,electriéal circuit
~of the tenperature sensor which is con- tained within the downhol e tool of
- Figure 2. FIGURE 6 is a schematic draw ng showi ng portions of the ' '
‘eleCtrical circuit of the collar |ocator sensor which is contained within
the downhol e tool of Figure 2. - 4d - FIGURES 7A-E are drawi ngs, —.
partial By=in section and partially in elevation wi.th portions broken éﬁay,
showi ng the nechani cal details of the downhole tooL in Figure 2. FIGURE 8
is an enlarged sectional. drawi ng takespalong line 8-8 of Figure 7. This
‘description is made:with respect to using the inven- tion to neasure -
_.various paranetersiagle dbanboie lbnatiomnatting ere pdwerndsumsiyeddd
‘However., this invention can be -5- used in any type of well. Also,
~this invention casigealispdocesseaswiehnthei @denhpataneeel s eaclarsedsmat i on
.-either downhole or at the well surface. An inportant feature of the
present inventionbRdngharrangedrifi RGABRL AR RSS EIRLDHPIARR Y B
"l ocated froma Centrgl | ocati on and eagh sensor sqﬁg ihforgaq tion to a
- recorder at the c@ﬁF_aFeP685tP6ﬁ16ﬁ 3 EERERFRCY fypdulator for imposing
T 5 ° on the electric line a signal within a discrete
ﬁtequencyarangeIaSSigﬁedﬂfo~that-sensor, said signal -
having a frequency proportional to the value of the
parameter; agplurality~of"frequehcy_filters within the : A
signal processor with each filter selected to extract |
10; _ - from the eiectric line the signal from one
: corresponding sensér,”and thg_signal_processor.being_.
arfanged to pfoceSs each discrete signél:to provide an
indication of the information transmitted from the
respective sensor. .

15



‘conduct or el
usi ng-the pr

ectrical line. Flgure 1 shoms a typlcal mell instal lation fof
esent invention. ‘Well 30 includes well head equi prent: 31 at 10

‘the well surface and.casing 32 extending fromwellhead 31to the

undefgr ound:
to contsol t

produci ng . formati on. Master valve 33 and wing val ve 34 are u$ed
he production of fluids fromwell 30 into surface flow |line 35.

A stand¥d wireline | ubricator and associ ated equi pnment- 15 36 are shown
attached to the top of wellhead 31.= &candard wireline techni ques are used

to install wthin and reane domnhole tool 40 fron1the well. bore defined -
by casing 32. hole t 40 att duct or
‘electrical line gg WY RD ?%IV% é:%%iaﬁﬁﬁj gdsegéﬁg'%ggmgﬁgmer tool
40. - Single

recordlng me
four pen rec
72. Various
wse as four.
t he present
For exanpl e,

Congggﬁf Ofi Ehehit f@héf“@e die&l&f thte“af‘c%'mv@aageaected to

ans udes signal processor 60, power “supply 70,
OrdQEaQEn§grlpIﬁhgﬁé ddawiifs 2 conventional digital conputer
anal og sfrip chart recorders are comercially avail able for.25
pen recorder 71. The specific strip chart re- corder used wth
| NVEIGURI Weiperdsaleee die quaierc Ofvapaniaraieris kelcrd saeasyr ed.
if four sensors are used .to neasure four-.different paraneters,

" gtrip charglémation 6- shhauigl ﬁqu::a&sé@sinfm-mr&;: fuxed GCDL‘E]I ng_ea.c-h :

par arret er-in
to

di vi dual |'y. _ _ _
an oil and gas well The recording means lccated at ths

well surface is shown in block diagram form.

Sj‘ FIGURE 2 iS'a schematie drawing of z dcwﬁhc e."oc1 necr-
'poratvng the present lnventlon located within a well bore-.
FIGURES 3A and 3B are schematic drawings showi hg ocriicns.
eof the electrlcal circuits cf the éecording mezans and »ncvwer
- supply ﬁeed in the ﬁresent inventien.
- FIGURE. 4 ls a schematic d&rav n¢ showigg_pcrticns cf trhs
.eiect:ical circuit p; the flow.fete_senecr'whieh is conzai wed
‘within the downhole teoiiof'Figure 2.
FiGURE S'ie a sehematic drawing_showing pcrticas ¢ the -
;_} : electricel_eircuit-of the temperature senscrlwhich is coa- |

tained within the downhole tool of Figure 2.

~ FPIGURE 6 is a .schematic drawing showing pcrtions of the

electrical circuit of the collar locator senscr which is

contained within the downhole tool oI Figure 2.



;A frequent test which is conducted on producing oil .and gas wells is'to
shut in the well, by closing wng valve. 34 and 05 measuring the buildup
~of dawnhol e pressure versus time. A plot of pressure versus tine can
provi de val uabl e i nformation concerni ng the physical characteristics of thei
,underground hydrocarbon reservoir. The accuracy of the pressure inforqa-
‘tion in greatly increased by sinultaneously nmeasuring the 10 = tenper&fure
of the fluid surroundi ng downhol e tool 40. The present invention allows

‘the paranmeters of pressure and term-patature to be sinultaneously neasured =~

downhplke, transmitted to the well surface on a single conductor electrical
" l'ine, and recorded on both analog strip chart 71 and dlgltal ‘conputer 15 -

72. In additi rdNg Qﬁﬁﬂyq\ ggpeLaiure,, orher rapmters of
interest are h%rbca J% of dﬁégki%ﬁgEVér% éhd %gregﬁloﬁ%bf any
fluidfl metm%»oq' Aeqeva%nw hAlth Yord QN IMBIRNGH Sviiid] | Alwidp sense

fluid no enent Location can be accurately det er m ned by sensi ng each

col lar (RRIchaRawa)l idgetali st ¢F REeOdohasiole TbbllndnaFigeek 4Q is lowered and

recording the total nunber of collars. In both Figures 1 and 2, tool 40 is
-shown as haV|m;GUWU $ebaraheenmarge§ séHﬁqu&Eemramﬁmgntahanahhawg t he
- nunber and ‘type of 25 sensors carried by tool 40 to be easily increased -
- or. decr edsee @eewdi Fgguren 7t.he nunber of . paraneters desired to be neasured
and recorded. In addition to the follow ng sensors di scussed i n det ai
‘the present i Mdm idesomiption dw @ﬂﬁﬁmﬂhihlé@é@e§€n&@ru5&@m uh@ Gﬁd@@'

~sensor or a bottom hole sanpler to be : N
_ tlon to measure various 9ar=neee&s at a downhcle location - o

m.thJ.r\ ‘an oz.l and gas well, Hc.vev e@r, this inve: t-c’- can be

i



éasily'incorporated Into tool 40.. In_the.past, it has been thé'geheral

practice to run each sensor. separately to obtain a continuous readout at
the well surface of inforration neasured by the sensor or to use a

downhiol e recording device with 05 linmted storage capacity while

measurisng nofe than one para-
ernative well

of -an

a

oo 4 ) el At U DdREEetl ol e WL

string 32.

ol'e own“suspen rom €

s

_ meter. Figure 2 is a schematic representation
conpl etion which Tan utilize the present invention.

‘within the Rorgof rhilliing 3$arkhtBief 8k aAP! CosgHHENCEL £y HAMYIY dhe
sensors to wireline 41 i's first collar locator 80, then either pressure
sensor 100 £ tRePRedlusar§ase0r AR0inpeddaad! fdLMretef ©heSpirBBeht140;
15 Collar locator 80 is attached to wireline 41 first to provide an easy
ref erence fimvdrisatowndhokkatoa@atplouradfitiyneoDt benssesscas et htemdtedly 40.

FIl ow neter. or spinner
40 is ¥

't ool

supply 70 pgri®R ded &iTeKRar9e¥ ddnithepepnigatade

40 do 20 not block or restrict fluid flow past spinner 140.  Power

wirteline 41 to,tqol_ 4Q and.is.also sUppIied'to t he various conponents of
e, Sl

‘si‘gnal . prd%%ggﬁ
25 -
sanme, comon line

fre-

Nt

10 |

15

l§@ﬁs&ﬁnﬁrthin_tool 40 is assigned a discrete

_ 140 shoul d preferably be the bottom sensor when tool
speinated from ajiqembrad Wecationcand emgh seaserheendeandprmart hin

CRALOR PR fr SRERPR: 84NFLRough

quenc&ﬁ%% JHRRAE Oégﬂj.%"ali E{etlﬁaﬂig}ttatlilﬁgabflf ebEBLEOAGOYRL the

as wrelin typi cal assign
present inventipn. ‘Well 30 includes wellhead equipment 31 at

the Well'surface and casing 32 extending-from.wellhead-3l'to '
the underground producing formation. Master valve 33 and wing
valve 34 are used ﬁo'contrél ﬁhe_production of fluids ffom
well-BO'into=sﬁrface flow line 35. - |

A standard wireline lubricator.and_aésdciated equipment

36 are shown attached to the top of wellhead 31. Standard

" wireline techniques are used to install within and remove

20

25

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 electrical line 41 is elec-

trically connected to recording means SO which includes signal
prcéessdr 60, power supply'70; four pen recorder or strip
chart 71, and a_conventional digital computer 72. Various
énalog strip éhart'recordérs.are'commercially avaiiable for
use'as four pen recorder 71; ‘The specific strip chart re-
corder'used with the present invention depends upon the number
of parameters being measured. For example, if four sensors

are used to measure four different parameters, strip chart 71



ment of frequencies for ‘tool 40 is 40-60 hertz for collar Ioca_tor- 80,
200- 400 hertz for tenperature sensor 120, 1500 to 2100 hertz for spinner

- 140, and' 8,000 to 25,000 hertz for pressure sensor 100. These signals

~can be-tran$nftted sinul- taneously as a conposite or conbined signal and
allow for real time analysis of the vaLgaus paraneters being neasured-at .
the renote |ocation. Signal processor 60 discrimnates between 05  ®Ad

sel ecti velghow tHawti!tat NEeds£08668Y pehENEbT FeBLRAGAgS @ATE parBaiceedi N
~means 50 has. the capability to decode, display, and prepare for input to a
~digital comdiwirdddiaysi gnal from each renote 'sensor. Single conductor -line
41 is connected electrically to 10 signal processor 60 via termnal  74.

.. A grounded confeciremueity tiests Wwhirchadjsczonduataderon rproducingrieit ygndal |
—standard el ectrical |ine which can _be used as single conductor |ine 41

" consi sts cRRmellctis &R |Shuboridudihiey &edil &Y RFene $iing Vadiged dpgpnd |
I nsul -ingnnatenial. The oréer,lgygrs f . the 15 I nsul ating /material are

i nf 5 codRFHRANG |tk DY TR ( 8F 8PTBRAPOPERSHFED B 8 (oK ndfwire -
mesh. Thi s qute = 1 Vel 1j.ne i U ectricall '
~attached tpol%% anfegérgérseé}l@eF '-%%eégg:lt“% Cééw%rgbjﬁlp?}t-ﬁ;aﬁs . ?%mq{h (%P r?njm(rgfglro% Y

.-through trgbdéﬁgﬂﬁhémfﬁér?ﬁggﬂcﬁin%hﬁ%aEQeEQQkiég @ﬁﬁ“tﬂésugﬁbr?fﬁﬁﬁﬁrica| .

-conponent s.- e return fTow path'is via ground which includes the outer
protectivenydesfar®or irssethoile MeleNactuigicy CE N Predstires Snifornas
~center wire within line - : ' ' _
' tion in greatly increased by simultaneously measuring the
10 temperaturé qf.thé.fluid surrounding downhole tool 40.  The
present'inventioﬂ_allows the paraméte:s of pressure and tem-
pefatufe_to_be simultaneously measured downhoie,'transmittéd
to the well surface on a singlz conductpr_eléctrical linel_and
recorded on both analog stiip chart 71 and digital.computer
15 72,
| In addition-to_measuring pressure.and temperéture, other
parameters of interest are thé.iocatioﬁ 6fhtool.40'and the
* volume and direction of any fluid.flow past téol 40. A
variety of flow meters is available to sense flﬁid movement. -:;-
20 Location can be_aécurately determined by sensing each collar'
j(ﬁot'shown)_in.the_fubing or casing string as tool 40 is
lowered and.recording the total number of collars. 1In both
'figufes 1 and 2, tool 40 is shown as haVing four separate
sensors. The present invention allows ﬁhe number and type of
25 sensors carriéd by tool 40 to be'easily increased or decreasea_
depending upon the number of parameters'desired to be measufed
and recorded. In addition to the.following sensors discussed
in detail, the present invention will allow a liquid. level

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



41. 25 Power Supply_ Power supply 70 transmts electrical energy to' -
wireline 41 through terminal 74 via current regul ating network 73. o
'Preferably, the value of DC voltage at termnal 74 renains relatively

const ant .- Each sensor Whl ch can be attached to - tool 40 requi r'eg']a
predet er mi ned anount of el ectrical energz to function.satisfactorily. .
_Therefo?é current switches 80a, |Ca,” 120a, and 140a are included within

net work 73.ga5 ML R PAMHD int | @00 4d . CAYSERe §s£eqwff%§o ppt of

05 . electrical "energy to operate its correspondi ng sensor to ron1

- povier . supplghe/ Gdneradr Bradkiéé. toF@unPEaERSEEnbr t $ésamitd e redI A bt ia0n,
switch 80a corresponds to collar |ocator 80, switch 100a corresponds to
pressure semsurinieds sweiatdolat] dGather wedposusfaoe t @fipinfbrmaet ixen serastide@d and
switch 140a 10 corresponds to flow meter 140. If a particular sensor is
renoved frdiy tih? aensersorortcesiamd: ngownhele shRoordips dewiee whitth n
network. 73.. The present invention allows for a large conbination of sensorS'
t0 be Bt adHdd-HSS GFtITa%S SEPAEHY B 1o mensyﬁlneh@%&nﬁ@@noprmms

that can be placed 15 within network 73 is limted only by the capacity

of power sﬂE%i *70 and the current carrying limts of line 41. The

eharacteristics F.qf uPJ.JéPZt ssth{e %t @%e%gggﬁﬁtZQJ.g doz7a§r glﬁg#ﬁgtf\%sucr}

t hat cl osing the tches hi'n ne anges the bras on transi Stor
75 and all @#81 completion whlch can utilize the present invention.

Production tubing string 38 is disposed within the bore of
iO f casing string 32. Doﬁnhole.tool 40 is shown-éuspended-from |
electriceijline 41_within the bore of tubing 38. The prefer-
abie'sequence-forrattaching*the'sensors to wireline 41tis_
-first collar locator 80, thén'eitner p:essnre sensor 100 or
temperature sensortlzo, and last flow meter or spinner_1401
15 - Collar locator 80 iS'attached to wireline_41 first to providee
”:an easy teference-forrthe.downhole location of the other
‘sensors nitnin tool-40, -flow-meter'or'spinner 140 should
preferably be the bottom sensor when tbol 40 is suepended
o : within a well bore so that the other sensors within tool 40 do_'
20 - not- block or restrlct fluld flow past spinner 140.
Power_supply 70 prov1des.d1rect current (DC) voltage
: which is transmitted throngh}nireline-41-to tool 40 and is
also supplled to the various. components of signal processor
: . 60. Each sensor within tool 40 is assigned a discrete fre-
25 guency band or range for use in transmitting information over
the same, common line such as wireline 41. A typical ‘assign-
ment of frequencies 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



20 current, flow from power supply 70 to terminal 74. For the downhole-

sensors discussed in this witten description, closing either switch. 80a
or. 120a produces an additional current flow of' seven mllianps which’

- cor:f'esponds to the current required by collar | ocator.80 or tenperature
~sensor 25 :4120. dosing either switch,l O0Oa or 140a produces an addi-~

" tional curredt flow of fourteen nilliaﬁ%E whi ch corresponds to the cubMfent
‘required b ressure _sensqQral00r. fl meter. 140, T leGhbLGal 4 -
‘characteri %%é?rb %ﬁ%ﬁﬁkgggrstgﬁgfgd%gggg}gaﬁéﬁ beaQ?FﬁSEEEEEE'E;mul '

C 10 SRduEhY Bd BClciapd sikn bR eemagd7§i§ﬁal bgnd 241 Bk t Lo OFd£B- -
pond to the requirenments of 'the sensors used in tool 40. For the electrical

circuits, tSh@vmaneliyis 0 Thervediioust paframetepeebeihgi measuired, aponhe
supply 70 is selected to 05 produce regul ated voltage outputs of +15 volts

- 'DC, +5 voldesnd¥s ldcatnidrs. DEigmal +Jrécessos AC. disgzininabesebedwees can
-‘be varied to correspond to the electrical requirement of the sensors in

t ool U0 armndigebechivelyseprts. out thy gRuedveReEsS46TaAd 8T reRFY Means

‘Si gnal pr.ocessor 60 contajns four separate electrical.signal processing .

circuits Wﬁﬂﬁ?%xwr%@ﬁﬁﬁﬁFqisﬂﬁé??véByhﬁ?kﬁﬁ?o?a?ﬁ%lékﬁgoFg %ﬁCP§8P'48

‘Each processing circuit_is connected in | Lel,.el.ectrically wt sct
“to the corétf-pr}‘%é'-’"_ 1) ePEFBﬁﬁ?- tort-'enrﬁung?{$4af rd&%l%}eﬁco?égu}f\g éeefslo(ragt
conponent éﬁg&ﬁ%ﬂ}xQﬁ9%§5§H'%%m%%%cghhsb§.a filter which Ls- o o

Single conductor line 41 is connected electridally to

10 .- signal processor 60 via terminal 74. ‘A grounded connection
74g is shown adjacent to terminal 74. The typical, standard.
e;ecﬁriqal line which-can be used as single conductor line 41
consists of'an-electricall§ conductive wire (copper) sur-
rounded by insulating matefial; The outer.layeré'of'the'

15_' insulating material are reinforcéd by additional wires (steel) .
and/or wrapped by réinforcing wire mesh. This outei protec-
tive layer of line 41 is grounded'and eiectrically.aﬁtached to

- connector 74g. The electrical flow path is from terminal 74
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'protéctive layer of line 41. The
term "single conductor" refers to the center wire within line -

41..

25 Power Supply
Power supplf 70 transmits electrical energy to wireline 41
through terminal 74 via current regulating‘,network"73.
- Preferably, the value of DC voltage at terminal 74 remains

relatively constant. Each sensor which can be attached to



tuned to accept the frequency band of - the sensor assigned to the processing
circuit. Various electrical conponents w thin each processing circuit are
functionally identical and are 20 = shown as bl ocks within Figure 3A :
Filter 1O is the first conponent in the processing circuit for the S|gnai
from pressure sensor 100. Filter 140f isgthe first conponent in the
process}ﬂg circuit for the signal fromflow nmeter 140. Filter 120f is the

first conp . ess 5 € o)
Lomer oy ur CBSIE A8 108uDEOFCROpRANGHLEN! el omoli hCe BLOORL o] hergy

processi ng €breuhétion sdei sfgnarirom aoldriedreGalcir@at sWiicdles 80a,
-conponents for each of these processing circuits ‘Wi Il be discussed |ateér.

I -7 100a, 120a, and~146a ate hmcEm@adeWﬂ&hﬂmuneﬂwnﬁw|thJ SKieat i c
for the circuit which processes the signal fromcollar locator 80 is shown
in nore deteath swhschl da relesedchbtmichrusesr the mm%omoustbb@cks in
Figure 3A are sinmlar to the collar |ocator process- ing circuit but

mave vﬁﬁuese%ﬁ°?¥%ﬁ%&eﬁﬂﬁ¥g¥rﬂﬂuﬁﬁ%ﬁﬁ?ez%ﬁf(ﬁﬂﬁ%ﬁspﬁﬁ@éngpﬁPB§PFaF8 £dPYeach
i ndi vi dual n Filter ? ri,ses .a. ie; I nductors 61 aF capa-
cltors 62 dFidR R %’prBBP %t 20oBe (HErRIRadn diact HAS ITERIE 9%

| [ f 1
aternatl ng‘ﬁg##&pt x.(rj'ieél:f € LA S I AG-2hohls Qea cro(i.l? (ég%%f’ock

f1ow t hrou e renal ‘t e processing circuit.

DC current g6 omspoteni N6okheocreaBpBHAS b tp&%éyu%ess%:fghc'fw tswﬂm{'f'er
64 accepts an _

. 120a corresponds to temperature sensor 120, and switch 140a
~ 10 cdrresponds to flow méter 140.  If a.pa;ticular.Sensor is
removed frOm_tool 40, its cofresponding'switéh'should be
opened within network 73. The present 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 netwofk 73 is limited only by the‘capacity of power
| supply 70 and the éurrent‘cariying limits of line 41.
The CharaéteristiCS of PNP transistor 75 and diodes 76
~and 77 are'selectéd.such that closing the switches within
3-¥J' 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 tﬁis- written description,
closing'eithe:‘switch.Bda cr'iﬁoa produces an additional.
current flow of seven milliamps which corresponds to the
. f ' cﬁrrent required by collar locator 80 or temperatufe sensor
25" 120. Closing either SWitch 100a or 140a produces an addi--
"tiohal 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



~conpar at oPTeHEs PESTCRSF r 2RYRRELAR 0uB

~AC signal fromfilter 80f having a relatively | ow voltage and increases the
- voltage by approximately a factor of fifty. 15 - Biasing circuit 65 :
consists of the required resistors, capaci- tors, and diodes to '
~“satisfactorily operate anplifier 64. The output fromanplifier 64 is
_approggnately.a sine wave as representggl by waveform 66. Fl uctuati ons- of
‘the stgnal fromcollar-locator 80 between 40 and 60 hertz produce wavefor m
“66. 120  YagnstBessigealdédowiehihanetworko?388ansbe vanseédntoS5goteesz, the
~output fromanplifier 64 is flat. Conparator 67 converts waveform 66 into
essent i al bpndquer eheaveqésremdats cef Lihg3ensormtusgdhdrotPtlordduse as
- conparator 67. Thus, anplifier 64 and conparator 67 plus_ biasjng, circuit
65_conbir$ to Bor &sbeaglestrigpér girenatsafBrvhi ¥ithag EFbﬂuE@gﬁ--ment
- essentially digital output shown as square wave 68, The output frqom
c t s ] I gWFFedﬁ§ﬁ§§7§6)vb?tgﬁggggﬁeercér or
eno ator 1. Frequen t g rted i frek ab : _
- commerti aPFy4v&i - r:g.a?:%d_ %fii%fé%G%&%%@ég gogneﬁjsne‘ébiraée e%'edl-%o@%étg phase -
tocked loge. A& A3ULRA0MNIT.S Woika/Ad Ot WfdlinOLHEREL vialliidiss il
outputs. "I'n"the processing circuit for the signal fromcollar |ocator 80,
device 4046 fuGllons dorddepiideney e Xlesidiaga emyuitements o e
denpdul ator. The square wave input to converter 51 is transforned into, a
DC vol t aggepgoRiét ian tbble483andThigndL pobtegsor eff esents an .anal og si gnal
- corresponding to the . o '

10 signal Processor and Recording Means.

Signal processor 60 contains four separate eleCtricai
signal processing circﬁits which correspond respectively to
one of the sensors- in tool 40. Each processing_circuit-is .
connected in parallel eléétrically ﬁith'reSPeét.to'the compo-
15 sgite signal at terminal 74 from wireline 41. _ThelfirSt_
component of each processing circuit is a filter which is
tuned to accept.the_frgquenéy band of the-sensor_assigned t§ .
_the_proceséing circuit. Various'elect:iéal componénts within
- each processing. circuit are functionally identical and are | g; '
20 shown as blocks within Figure 3A. Filter_lOOf.is;Fhe first
component in the processing cifcuit,for the signal from
pressure.sehSOr 100, Filter 140f is the first compbnent.in
the-pfoéessing circuit for the'signal_from £low meter'l40.
Filter 120f is the first component in the-processing circuit
25 for the signal from femperature-sensor 120. Filter_SOf‘is the
first component in the processing circuit for .the signal from
collar locator 80. Unique components for each of these

processing circuits will be discussed later..



magneti c coupling sensed by |ocator 80 downhole. The DC voltage is
directed through current anplifier/buffer 84 to 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 t ool HD.
The particular signal processing circupj;shown in Figure 3B uses only an
~anal og bﬂtput from device 4046. The other 15 ‘'signal processing circuits
shown in Figure 3A iQRACe3H, digh taleOttDidl | ScRélfdti®OnNEsP the snatedt
signal. Collar Locator and Characteristics Conmon to each Sensor Figure 6
shows the eiadH iprRicediseduithel @ignalll &romocaldar2@ocatenssd 89 showh tan be
-used with tool 40. Acritical conpo- nent required by all renote sensors
used with tnvereprdeseitl .i n\vithet iedredts izalCseblemagéct fofkr thaentemsoahevneds

The el ec- trical synbol assigned to this conponent is Z1. DC voltage to
frequency deka dns Figurer 38t arp FomiLas o the @PEEIF|kegater PHAGe&fAs -
of the,sensors of tool 40 have the_ commercial .desig- nation.of AD537JD.

‘€onveri®r 8P% rEHETHITsPHE BBYEagBlPEEeFed S5 GHANES st LS8 o 2T AC
ol W AT LS LSS i et gy rinal a5 i

~electrica rres™a requency AC i nput at
contact 82  to GAREN! @ BhorFi%alY o RRrlikeIUENa%alkbtbls 0BiPHhd cdBs-

frequency of this ACinput 1s a function of the rate of travel of sensor 80
' citors 62 with the appropriate electrical characteristics to
allow an alternating current'within the frequency_rangefbf 40
10“ td'GO'hertz to flow throughfthe remainder Of.the'processing
'circuiﬁ; Capacitor 63 blocks DC current from'éntering the
remainder of the'proéessing cifcuit. Amplifier 64 accepts an
AC sigﬁal from filter 80f having a relativélY'low voltage and
" increases the voltage by approximately a factor of'fifty.
15._ Biasing circuit 65 consists of the required resistors,icapaci-
.toré, and diodes to satisfactorily opérate-amplifierl64- The
- output from amplifier 64 is approximately a éine wave as
represented by waveform 66. 'Fluctuations.of the signal from
ij _ | collaﬁ locator 80 between 40 and 60 hertz produce waveform 66.
20 Whenlthe signal from collar locator 80 is a constant 50 hertz,
the output from amplifier 64 is flat. Comparator 67 converts
waveform 66 into-éssentiallynsﬁuare wave 68. Device LM 339 is
satiéfactory for use as.comparator 67. Thus, amplifier 64 énd
. . - comparator 67 plus biasing circuit 65 combine to act as an
25 operational amplifier and produce an éssentially digital
output shown as square wave 68.
The output from comparator 67 is next dirgcted'fhrough
frequency to voltage converter or demodulator 51. Frequency

to voltage converter 51 is p:eferably a commercially available



Within the-tubing/casing. Generally, this ACinput from05 contact 82
i's l.ess than 20 hertz-with 3 to 5 hertz being typical. Pernmanent nagnets
(not_ ghown) -~ are positioned within locator 80 adjacent to the coil. The

- volitage ‘present at contact 82 is. a function of the nmagnetic coupling

between thé 10 per manent -magnets andighe coil.. The magnetic coupl i.Eg IS
in turn a function of the thickness of the netal tubing and/or casing“
surroundi Ag4teodevie \Soare tdalesarrefecatedr 80 am\ee phdweolgivkest dlodrubi iy
having. a uniformthickness, little or no voltage is.generated at .contact
82.  Convdevdceg#0gboliascs wids varbdetyapf.pessiele ZinpiEH And QUS> AC
“vol.tage input fromcontact 82. Wen coll.ar |ocator_ 80 passes a

“di scont i ndint yeh@ tRRAFasHing e Sidh ToF tHhe | s SF MR LR IR a
~collar, t tic- | i ith th Ll ch ' [ .an _AC val t

"o be gendbar cbviee SR PRt ' SO W IR BB AR uned
Ceot . . 0 ot vol T _ . AL cout.
To o oxver, 5 dehadildegtt HE SHAZE GAYENIRERRC D copPdLenpysRUIPUl

col l-ar, vqld 346 madRsRd 1etelid D Ho1dages v gl ©nq iinke g3t puthifd esency -
of converter 81 to decrease to approximately 25 45 hertz.. When | ocator

80 ret ur nsyd1dayePOrdpPdserits Ubhn@n3 v ghali Eoppespbhdihgckoesthe the
.. voltage generated by the coil wll be essentially zero,. and the output =~
~ from converignetit veduplkigtgir sensednbgppramatrat e8¢ dowshahe . 50 Ther tBC -
: voltage_' is _d‘irecte'd'. through - current’ amplifie'r./buffer-- 84 to
'10 contact 85. . Various strip Charts-such_as four penirscorder 71
" can be electrically attached'to contact 85 to provide:a per-_
manent recordicf collars_sehsed.by tool 40. o
| The particular signal .prOCessing 'circuit."sh.own Iin. Figuref_
3B uses only an-analog-cutput_frcm_device_4046. The othér
1.5.- signal processing circuits shown_in. Figure 3A produce a:

~digital output in addition to the analog signal.

Coliar Locator and Characteristics Common .to each[Sensof.

_ Figure 6 shows thé-eléctrical:circuit for collar locator .;:
20: sensor 80 which can be used.with.tool 40. A critical ccmpc- |
nent tequired:by.all remote sensors used with the prcsént
invention is. a DC voltage to frequency converter. . The elec-
trical symbol assighed to thisscomponeat is Z1. DC voltage to.
frequency converters satisfactory.for use -in the electrical
25 circuits of the sensors of tool 40 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)



"The electrical circuit for collar locator 80 has several characteristics. in
~common wi-th the 'electrical circuits for tenperature sensor. 120 shoywn in
Figure 5 and flow sensor 140 shown in FigureAd. Each circuit has @?DC : '
vol tage to frequency 05 converter Z1 which receives electrical power from
-~ terminal 46’'via line 122. Electricity djl3aws through various resistors,
capacrtbfs and di odes uni que for each circuit to supply the desired voltage
fromline l2@ppbiesnaclowr fZéquemtcy h&C stmsutcat! CORBAcHf 8BaED. c6hvELtdr
- Resistor 125 and diode 90 are 10 located within each sensor to function:
as-a vol t agélreguyary ritheefugadennyt aferd tise omitpalt .46 Thadfraguenspeof i vieis .
sensing el epent and converter for each sensor. Diode 90 is included within
the vol t agefFedBPati A§ RethiBaticg afsdhe trake opf ytoaved| pgsensodi 88cted
to the 15 [ ective sensing elenment. Diode 90 provides a direct path to
ground for t&?‘g’?'t é'tbs ?‘%‘dﬁﬁ?@lﬁgso 'I(i"‘?ﬁ?‘%acﬁtlﬁ’e' D%’%I £t apI FEAt 0 the
sensi ngsel egent dior :¢o r.t i | . pr esel ect val ue. The -
out p.ut;g? rom eac%égoélgerlger \é%is ﬁéhar%et%dr)nlg%??%v ?é&r&n §a|t° ﬁeqﬁ)&z z%eW% o
resistors 1@, pegh 124. Capacitor 93 is located between these two resistors
to filter or renpve undesired frequencies: Resistors 123 and 124 plus _
~€apaci tor 93 parpefthdnertef nagnébse quioRutsKdweli hrEOp RN wkhin - A
frequency regul ating network 131 is al so connected to 25 each converter
Z1 to contrbdcatwr ABDsiagiakeantt put tHe eashl conThet elolfhge0 prddEnt aat
presel ected frequency range. Capaci- tor 91 is part of the frequency
regul ati ng ¢RI, 82 Akt efunginiam o dihe: madnsttiic coupidngl betweeal the

cixeuit for the ’ . : : _ :

_ 10 - permanent magnets and'the'coil. . The magnetic coupling is in
turn a fupction~of the thiékneSS'of.the metal tdbinéland/or
césing su;rounding fool 40. When collar locator 80'move§-
through metal tubing,having a unifofm,thickness; 1it£le or nb'
voltage_is:generated at contact 82. .Converter 81 produces a

15 constant. 50 hertz. output with zero AC_voltage input from
contact 82, -When'gollar locator 80 passes a discéntinuity

~ within tubing 38 such as the incféaSedlmetél;thidkness of a
co;lar, the-magnetic couplihg with the.coil changes causing an
AC voltage to bé'geﬁerated at contact 82.

20 o Converter 81 is'preferably tuned so-ﬁhat an increase in .
input voltage causes . an increase in frequenéy'outpﬁt to
approximatéiy 55 hertz. Aas cpllaf'locator 80 moves away from'.
the collar, voltage across thé_cqil will decreaSe causing the
output frequency of converter 81 to decrease to approximately

- 25 45 hertz. When locator 80 returns to a poftioﬁ of tubing 38 '
having uniform wall thickness,;the voltage éenerated by the
coil will be essentially'zero;,énd the output from cohverter

81 will return'to an approximately-constant 50 hertz.



sensors._used in the present |nvent|on I S tern1na|s 46 and 47. Termin
~ 46 of the first sensor in,tool 40 receives DC current from power supply
~viawireline 41. A portion of the DC current available fromline 41 fl
througﬁ‘the electrical circuit for that sensor and the remainder of the

current

‘s, 05 directed. by line 48 to %;rn1nal 47. Term nal 46 for the
next sensor within. tool 40 can be el ec

of the precedi pgas ﬁ%QEr%ﬁEﬂ EEFEuﬁE”?SE Eggﬁa§eﬂéeééo§rQOCHEEeﬁéegr&ﬂ-

paralle

el ectrica wreline 4 sensor renobves Its requlr

- amount of c%%ﬁtcﬁ:beekucane.&xgxean&wﬁ LPith Wwehel electiiand ididruiitss fdie
renalnlng el ectrical. energy to the follow ng 'sensors. -Due to the para

Celectri cakef@Ritaturki @@Rsokaill20r eholmori; Figwnre doemddilaaussndar (146 of
the other sensors. 15 = Tenperature Sensor A detailed description of
.tenperatushomansaniQﬁrenéludEnghlcsretbbtha%a§ R voktrgsi bl Exesmenasnt s

al
70
ows

fircal ly connected to ter- nina#*47'“

ed

Il el:

I's contained in copending getent appl i cation 307284. filed on 30th
~Sept difber conggrterndh wWhHip téﬁFeNHes4$iP§F6}°Eé power fFP&uF§r§1§ﬂ8mé6the

electrical circuit drawing for tem ature sensor El ectri cal power
~ to operat ¥iderdddie :ﬁﬁ?1s ??%EFQX/ ?%ﬁrF%r??%% XirFBuFeFﬁFﬁ§F°£§' The

circuit

| Fi 5
Gl fernar pemetdepra. e ARE GG B ik Pafolft {(FIskpRY. ML
h:those ski ldeed ey Vggtﬁﬁﬁ EQoﬁaiEKeoﬁbthS converter Zl and the: sens;ng |

10

15

20

25

element of each circuit. Resistor 125 and diode 90 are

ous
t tO

v

located within each sensor to function as a voltage regulatlng

network between terminal 46 and the respectzve-sens;ng element
and converter fcreeach sensor..

Diode 90 is included within the vcltage'regulatihg.
network to ensure that only DC voltage is directed to the
respecfiVe-sensing'element._ Diode 90 provides a direct path.
to ground for AC voltaget ;DiOde 90 also limits the DC voltage
supplied to the sensing element and/or converter Z1 to below a
preselected value. |

The output. from each converter Z1 is returned to terminal
46 via resistors 123 and 124. Cepacitor 93 is located between

these two resistors to filter or remove undesired frequencies.

' ReSLStors 123 and 124 plus capacxtor 93 partially define the

output circuit for converter 2i, .

A frequency regulating network 131 is also Canected'to
each converter Z1 to contrdl_ﬁhe AC signal output of each
converter Zl to wiﬁhih a'preseleCteé'frequency range. Capaci-
tor 91 is.pert of the frequency regﬁlating network}-.ihother
common characteristic of the electrical circuit for the

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



-fUnctﬁon of'fenperature sensor 120. Line 122 supplies DC energy from
~terminal 46 to DC voltage to frequency converter 121 via appropriately _
si zed resistor 125. Resistors 123 and 124 plus diode 90 function as - 43

part 7 of t he vol tage regulating network supplying electrical power to :
converter 121.. The el ectrical resistanfg value for resistors 123, 124, and
125 is Ydried as required by the circurts shown in Figures 4, 5, and 6. 05
Li.ne 126 digect.s the. energy. i afier 1 owm t hr ou esistor_ 125
ot emper aliibate i8s o8 Shent 1159 SaRafrotbetoot oty HedqlR e bl SRy |
avai | abl e daie &, AUl BAKF N 6D A Pedised, asp eLeppotn 122 «Lhee
devi ces sat!s--%acporylggggﬁée as sengﬁig é%enﬁnp &Zb ?ﬁg ﬁdé%atggng%%ature
10 sensi tdutden®siaiadilabl el IO €41 af i bps. MeBESigh aLhé | EEeALF£84 5t OF,
“or-a-platinumresistor. The nmain requirenent is that sensing el ement 127
change its cdurcudnt fout Mhat sepisor Gind iGN dandimidegereier urteme 128
directs DC current fromelenment 127 back to 15 summ ng resistor 92. The
vol t agl¥b dr did-recteds byediisieod 802os pphiisalad7el eFerntnali 4pufor otharyexthe
frequency output of converter 121.. Resistors 129 and 130 provide a stable
~ refer- enc&e@goreithgn FRAk i4dh qan the eledFigprly reonngslnd semsteg-
el ement- 127.,.2Q ._ _ _Frequency,adjusting network, 131 controls the out put
of'-ConverFBFa%2f7t8wagﬁia?§?5¥é§%r§%?%ﬂgfréﬂbémﬂﬁr@ﬁﬂﬂ?r'Iﬁﬂe'sens°rs-
o are connected in parallel electrically with wireline 41. Each
" . sensor removes its required.amount.of'electricalj_ energy from
 '_10 'fWireline.41-andftransmitS'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 detailed description of temperature sensor 120 including its

' electrical and mechanical components is contained in copending

_ paﬁent applicaﬁion 307284 . filed on SOth'Sep?émhef;nﬂ* ’
o 1981. (now US Patent No:- 4i17470)

20 - 'Figure.S shows the electrical circuit drawing-for tem~
perature sensor 120, Eléctrical power to operate sehéor 120
is suppliéd-by electric line 41 to termiﬁal'46.-'The:circuit
in Figure 5-is designed to operate with a 12: volt DC input.

. o Various alternative electrical circﬁits and-powerasupplies
. 25. will be apparént to those skilled in the art to carry out the -
function of temperatﬁre sensor 120,
Line 122 supplies DC energy from terminal 46 ﬁngC
voltage to frequency converter 121 via apprﬁpriately sized

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



.the electrical circuit shown in Figure 5 frequency adjusting network 131
i's selected-to control the alternating current (‘AC) output from converter
121 to. mnt%Pn the frequency range 25 of 200 to 400. hertz. The out put
~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
| owest tenperature that sensor 120 canlﬁeport A signal of 400 hertz_af

“terminal 46 re re q% g! ﬂg% can
report . g@ﬁé ﬁ& rﬁl g¥§§§ﬁﬁé% qs Se ieg% d&&?% %ﬁ ré%gency'

range COF%@§QQH@§ EBn@eE%gE R9AAL UrBel @180+ chl' FeslisRandd @hﬂ%@t%or .

el ectrical power fromtermnal 46 to 05 termnal 47 bypassing the

el ectri cakeg@BRORENTD3Qf ¥y EIRL UIESSQBSQFarll.%QL adr eégii fbdd , byerdienal 46

"is located at one end of the tool carrying sensor 120 and term nal 47 at
‘the ot her ci¥bustsoshognrihi Pigatésws, S eand dal line 41 to supply power to

- the electrical conponents of sensor 120 and to pressure 10 . .sensor 100
attadiSed to tebbheaal287diEeetsr ithel DS anaray BEjlalie faftaenpbedinge .
‘Sensor DC electrical energy flows fromterm nal 46 lhrough l'ine 122 and :

‘r'esistor EQS‘-’FShoﬁ’é‘Sd{Sé%nl/%?’t&P I@I“Peq?@“éﬁ?er%n%\*% ghemenf ol %oy om
~terninal 0 t eratu nS|n el enent., via ld I esi st r 125, .
and |ine %ﬁ% TﬁgeﬁﬁFﬁe t ?ﬁﬁWﬁﬁﬁ 3 Fx %;ggﬁﬁﬁ Efanges -

.|n prOpor%bBRFtahlch can be used as element 127. Other devices satis-
| factory for use as sen51ng element 127 include a tenperature | .;;
io sensitive_resistor; a thermocouple, a thermistor, a silicon
resistor, or a platinum resistor. The main requirement is -
that sensing elemént 127 change its current output-infproﬁor-'
tion.to its temperature. | | H
Line 128 directs DC current_from.element 127 back tol.
15 summing resistor 92. The voltage"drop'across fesistor 92
;supplles an electrlcal lnput to vary the frequency output of
converter 121.. Resistors 129 and 130 provide a stable refer-
.ence_current ﬁor';ddition to the changing current from_sen51ng
-element-127. : o : .. : '; . ;ﬁ_
20 _ Frequency'adjusting.network 131 controle thefoutput of'.
| converter 121 to w1th1n a preselected frequency range. For

the electrical c1rcu1t shown in Figure 5, freauency adjustlng

v .

:network.131 is selected to-control-the alternating current
(AC) output.from cbnverter-lZl.to.within the frequency renge _ Ca
25 of Zobﬁto 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



changes in the tenpératuré of elenent:127, The’VoItage drop across sunmng .
‘resistor 92 provides the input- to converter 121 20 to vary the output
frequency of converter 121 in proportion to the tenperature of el enent, 427.
The alternating current (AC) output (tenperature signal) fron1converté?'121
is directed’ via line 122 to term nal 48.-.The signal from tenperature
senspr.EZO S transnitted to 25 t er m nal 74-v!a mﬁrel!ne;41. Filter 120f
in signal peREESS&RsEL 130 1 &uedrd ol CBeddith e eVl N ADBR OREFGAYGNCY
range assigned to tenperature sensor 120. Filter 120f is function ally the
sane as fil sete8béd excephatothhavifrggdehter eahgeakoerespohdgduebancaemrd
capaci tance. The output fromfilter 120f is -18- an AC si ne wave .signal
havi ng .a f r pguabeye coangs pohdiIf W tche-508MFer at ure of the well fluids
surroundi ng sensor 120. This signal is next directed to operational
anplifier 56 whikine¢ndPeddescitic ShactigarlofPAWRE sTEPmI taraindhy bt $ot he
sine 0b. “ wave signal.to a square wave signal . Frequency tg DC voltage
€onver$§r_g€9Fmﬁ%$ rA%xﬁﬁEﬂﬁé§%¥H$6EB éCP&rcﬁﬂagBePb kel Fempgrature
receives th L gpa ro . fid 6. The 4046 .devi ce within frequenc
converter 5§e1§ée(rgfppd£ étt e? ?%é%%% 1 Staenlat.'l;?raoldu@slsaﬁoé:ﬁéﬁegg a&utoﬁﬁt %f’gr °¥ _

- Eenperatureypd £b8§;é§rr¥iﬂgtgéﬁsép 12be%Bﬁp%eﬁﬂyﬂﬂywé¥f§gdﬁﬁgf5$ﬁéé.the

same as converter 51 in the signal processing circuit for c ocator
80. HoweverThis eqoRPLyutHEVEH { £116Ws & BRI A Mgl £6 SuSSILe NSl ti -

o to the electrical components of sensor 120 and to pressure
v ) ) . . . h . .
~ 10 . sensor 100 attached to terminal 47.

 Electrical Operating Seduence 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 line léﬁ. The_vélue of the-Dc _
current flow.throughlelement'127 changes.in-propoftion to
changes in thé temperature of element 127. The Voltage drop
&_; : across_éumming fesistor 92 provides the input to converter 121
20 to vary the output frequency of converter 121 in proportion to
the témperature of element 127. The alternating current (AC)
6utput (témperature Signal).ffom converter 121 is directed;via_
line 122 to terminal 46. |
The signal from temperature sensor 120 is transmitted to®
25 -terminal:74 via wireline 41. Filter 120f'inlsighal processor
60 is tuned to accept the signals within the frequency rénge
. assigned to temperature sensor 120, Filter 120f is function-
ally the same as filter 80f except for having differenf.values

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



plier 301 which produces a digital output for tenperature online 59. The -
digital ou ﬁUt i's obtained by directing the 15 - signal fromthe 4046 _
“device through 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 thig circuit. Thus, an anatog_&ggperature signal is available at -
term nal 137 for use by strip chart 71 and a digital signal at 20

term nal 138 Afcorg ! ﬁ%gmecgm%qr ha¢ing! awf§s§| Sﬁc}héoﬂ%é%&h&ﬂg to the

configuration of w neter 140 1s shown in ure el ectrical
schenat i ¢ deiplatiir@ics i Wl 25 Lusd¥Vsuirodndifie senddod respentiyis
conduct ed test is to lower tool 40 to a position imedi ately above the top

of perforatiigrd (1ot nekbvidiretedghtd wpenp Sbreild/ anpLifier 38 which :

- comunicating with the fluid producing formation. This positionis

- verified byncreases Wwuinstyrpath | of sthe sdghaioand donwerd®. thFhesime| is
then allowed to produce at a desired. flowate. For this test, flow neter

' 1%40 |°|55 notwar"ﬁ‘qtﬁltgé’cflt FUS SR MY earigngle vArsausncy| &8 dGcHoisag60 ¢
, _th I fromf t

desi gnat SEFURVERIRR, b kg e BT E%n4§?%mﬂi§‘r’f?8‘5\e|1§g Fhese fgdeed

porfor ot | RO AR neLIREA0%, AORAR1 LBYLEOKG T ol ne OB 8 O@ﬁélom v

det ecti on or plugged’perforation maj or a vantage
within frequency converter 57 demodulates the signal and_

produces an analog output for tcmperatﬁre on line 58. In thic :;
10  respect, converter 57 functions the same as converter 51 in o
the signal processing circuit for collar locator.SO; ‘However,
frequency-converter:57.also.sends_a signal to frequency mﬁ1ti-
plier 301 which produces a digital cutput for tempefature'on
line 59. ' The digitél.output'is obtained by directing the
.15 signal from the 4046 device through a.pair of decade couhters:
" shown as frequency.multiplier 301 on line 59. h device 4017
is caﬁisfactory for use as a decade counter within'this'
circuit. Tﬁus, an analog-temperature signal is available at

termlnal 137 for use by strip chart 71 and a dlgltal SLgnal at -

20 terminal 138 for use by computer 72,

Flow Sensor

.The mechanical configuration of flow metér 140.is.shown
in Figure 7D. The electrical schematic for flow meter 140.is o,
25 saown in Figure 4. -
A frequently conducted test is to iower tool 40 to a
position immeciately_above the top of'perforations (not shown)
through_tubing.38 and/or casing 32 communicating with the

fluid producing formation.  This position is verified by



present. invention is that pressure, tenperature and collar 10 . |ocation

‘can be sinultaneously nmeasured while recording the flow rate. Previously,
separate tool s have been installed and renpved by separate wireline trﬁés '
to obtain this same infor- mation which i.s very expensive and tine ' -
consum ng. "However, simultaneous recording of these different paraneters

was not 5. possible. Also, it is ver99QXpensive'and soneti nes i nmpossi bl e

to duplicate the sanme || conditions for each test by each_jndividual
sensor . Sounting Cotfars asoF°88n§8rﬁ§' ?V?W?é;euﬁé&eﬁ?liolFIGWen-'
met er/ 140 i i KAeS cgﬁig ell.ers ; ushng..cotatign._of, shaft. 142_.
attached thereto. 5%9 e&ﬁ%ﬂ%ﬁaﬁ'g%%§§%?§§}§g?g¥%4, gﬁﬁ gﬂgss%%?%Unﬁlﬁﬁaft
(142, Magnelhdeer (N0 showed Adquiidd |ef aieshifde Mre Ak oates FRE 1dLA
contacts or swtches 143, 144fﬁ3n 145 to close as shaft 142 rotates t%e
magnet s pasfleaciushvi a6h200Thargpeedpel Mjual.i oBud rdwedr 14%hd Ssignal
proportional to the veloci~ty of the 25 fluid flow ng past propellers
141.  G%he spooml Dlow ctetéwnnlis ietdesigeatdd zoub0dngflde. NUDBEL Q0 is
closures of switches 143, 144, and 145 during a selected tine interval. The
direction dofhen updovivwlsweredomasty the perdoratdener Mamededyrd etbedi ng
the sequence in which switches 143, 144, and 145 cl ose. -20- The basi c
desi gn t heASFIBEFIOFIaRFEoin £doUngates a5B46; heel allpws driretiompt
=09 b : | : | o Sl P of
‘ig{)g“'hter‘t’_v'zt a'érgargze'_cﬁr_‘o"’.‘r' Biddge %he2lobSe OBl @ KORSYAR SN S Al ©
\w _ present invention is that pressure, temperature and collar'
10 location can-be simultaneously measured'whilé recording the
flow rate. . Previously, separaﬁg tools have been installéd and
removed by separate wireline tripsuﬁo oBtain.this saméiinfor-
mation which is very expenéive and ﬁimeiconsﬁming; Howéver,
-~ simultaneous recording of these'diffefent parameters was not
15 possible. Aléo, it is very expensiVe and sometimes impossible.
to duplicate the same well cdﬁditions for each'test.by eéach

lndLVLdual sensor. , : : or sensor

' Fiuid flow adjacent to flow'mete€£}40.impinges upon
' propellers 141 causing rotation of shaft 142 attached thereto.
29 1’Electrical'cpntacts 143, 144, and 145 surround shaft 142,
Magneticé (not shown) are carried 6n shaft 142 and cause
" electrical contacts or switdheé"143, 144, an 145 to close as
shaft 142 fotates the ﬁagnets past each switch. The speed of
i _ rotation of shaft 142 is-p?dportional to the velocity of the
25 fluid:fiowing past propeliéré 141. The speed of rotation is
'détefmined bf counting the number 6f closures of switchés 143,
l44,'and l45 during a Selectéd-time interval. The digéction
of £luid flow'past tool 40 can also be determined by recording

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



'sents no-flow (no rotation of shaft 142). A'shift in fre- 05 quency to
1600 hertz represents flowin one direction. A-shift in frequency to 2000
hertz represents flowin the opposite direction. Each frequency shift is
~for- a relatjvely short duration which produces a spi ke or pulse

represent i*r'ib rotation of shaft 142, Thys, the information contai ned wkthin
10 the signal fromflow sensor 140 is determ ned by counting per udkf o
‘time the frequeney sagid Sd'éB_Q?ﬁ_' @hebelo¥or bEE®e Osefistten 4br e ntys and . by
. determ,ning the value of the frequency shift. Pulses per unit tine are

. proportioredsdaidtedy sigtrml pitvrcesding ofitdielt reitheiicys5imdl processes the
~direction of ffuid flow 15 The electrical circuit shown in Figure 4
i s contairfdd oh that | adrongtant cfreaueneyasignaboofind 8991 hestaharprey
dotted lines.. The circuit boards are electri call)é attached to each other by
contacts IEAts TO-HEW R 485atiqmeof| sbpftcdt et wdy ISHGWEHNEES T cuit
boarqﬁ§51 S conngrcisbhy av%irable 20 _ taq.determ.ne bqth fkuid.fl w rate
and the diFERATON D L1PP0i BEFFBW SRS SPRER FCdr thi QRe cP3E8S 4R Pt chés 143,

144, . and’ e e el i i 1 calht~Shawn,_on. G ' 150 i.g.required:
“to all ow f%vgtseﬁg-oﬁ%%egg&fﬁﬂ%t?%é\q ag-gggrzt Q@%J&%\%ﬂ#&?ﬁ%’él JE"QO.tieOf rcuit
board 150 dgpddides di/dBeidnS &M FHequlvRgSShdtt ilsl #Rrd 1adueeay

adj usting network 131, a voltage regulating network partially defined by

- line 122 afibatesdwttidi Switdéh dppe@udds andpbkevelt pud seo depr@sent)ing

converter 146. These conponents function in the sane manner as di scussed
for tenpersutateigemsOrshbd® dd@.colfhas,| tbet dnfefmation contained within

10 thé_signal froﬁfflow'senséf_l40 is,détermined by_counﬁing per
unit timé'the freqﬁency shiffs above pr.beldw a base or center
frequencf andlby-determiﬁing tﬁe Valﬁg of_the frequency shift.
Pulses per ﬁnit time are bropértioﬁal-to flow rate. The value
of the frequency shift indicaﬁés the direction oﬁ'fluid flow.

15 The electrical circuit shown in Figure 4 is contained on
two individual_ciréuit boérds 150 and 151 as shown by do;ﬁed
lines.'.The circuit boards are electrically attached to eéch
other by écﬁtééﬁs 152,'153, 154,_and 155. The electrical
network shown on circuit board 151 is commerpially available ;:j

20 ° to determine both fluid fléw :éte and the direction of fluid
flow by'é flow meter which_cldses_switches 143, 144, and 145.
The eleétri¢al_circuit'shown on ¢ircqit board 150 is required
to allow flow sensor”l40 to fuﬁction as pért of downhole tool
40. Circuit board 150;include$ terminals 46_ahd 47, bypass

25 1ine-48,.frequencf adjusting'network'131, a voltage regulating
netwofk partially defined by iine;122 and resistor 125 and
diode 90, éﬁd DC voltage to frequency cénve;ter 146."‘Thesé .
compOnents.function in the same'manﬁef_as.discussed_for

temperature sensor 120 and collar locator 80.



-21- DC voltage is supplied to switches 143, 144, and 145 via.line 170,
contact 155, and line 171. The DC voltage is the anount available after DC
current' flows through resistor 125. Each switch 143, 144, and 145 is " 47} |
connéected in, parallel wth 05 line 171 via a corresponding resistor 173,
- 174, and 175. One side of capacitor 1724 electrically connected to the:
. line beMeen switch 143 and resistor 173.  The ot her si de of capa- c!tor o
172 ‘is connect eddCovgleage. is| sempiled €apseitcias 143 Araconnretian iy d he
“sanme manner. between switch 144 and its 10 . resistor 174 and switch 145 and.
its resistolings51l70Wherntach 4G5, chnd43ing4471ar The DL clclxede tike the
corresponding resistor_ 173, 174, or 175 is connected to ground. Wen each
switch 143, agguntopvaitable ppEber RE cenregnt fflavsdduranghh (rjmgﬂsttdxe 125.
cor r espondi esistor 173,- 174, or 175, and the associated 15 capacitor
| 1721ispcharggﬂﬁtﬁwétFéli§SVeP§4hi§Hdv&ﬁ§adé.CQNﬂﬁ?téﬁbﬁanQﬁ§41§43ﬁlﬂ@i%3or
145 is,gl os C e fLow occurs through the carres di ng resjstor ,
474, oPg175,fg%ﬁdy?lilewéasséqélév%f']é%s%%lb%ﬂq sﬁs}qrs%t;ir cﬁ%,rlged’%ldoelﬁsr'el ﬁl‘ﬁe\/el y
| ow or zero t age : : nver t.er ' 4 re.direct
connect ed t3¥§%eagofﬁégﬁéﬁﬁfné7§m¥§c%ﬁf§§%§§2&?§oF°§§g9%§?n38rF%_s%éP' used

#0 snooth opétweer! swifeh el £hadd®rrLalpest Wj.apiﬂef)%?ﬁe'}g Al JORg of

its associated switch during conditions of high fluid flow past propéllers
141. Also, chvert2F8 dseconmécted2%o. grioudidGe At chaWRbatdiors a2l

when its associated switch is open. Wen there is no fluid flow around fl ow
met er 140, are conngpted_in the_same'manner between switch 144 and its '
-SJ 10 resistor: 174 and switch 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 open, no current flow occurs through the
 corresponding resistor 173, 174, or 175,'and the associated
15 _~capacitor 172 is charged to a felatiﬁely high wvoltage. When
each switch 143; 144, or 145 is closed, cﬁrrent flow occﬁrs'
thféugh-the corresponding resistor 173, 174, or 175, and the
_associated-capagitor 172 is dischargéd.to a relatively low or
' U zZero voltggé. |
20 Invérters 183, 184, and 185 are directly connected to one.
éorresponding switch 143, 144, or 145. 1Inverters are used to
smooﬁh out or eliminaﬁe chattef-éaused by.rapid_opening and
closing of its assoéiated switch-during-conditions of high
flﬁid flow past propellers 141.- Also, inverters are used ﬁo
25 prddﬁce a very low or zero Sighal when its.associated switch
| -is open. When there is no_fluid fiow around flow meter 140,
each switch 143, 144, and 145 remains opeh. This .causes each

capacitor 172 to be charged to a high value providing a posi-

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



- each switch 143, 144, and 145 renmins open. This causes each capacitor 172
'to be charged to a high value providing a posi- 'tive or high input to.each
_inverteﬁ4183, 184, and 185. ‘Thus, . -22- the output fromeach inverter
183, 184, and 185 is a low value or zero during no-fluid flow conditions.

A device CD40106BF is satisfactory for,yse as inverters 183, 184, and-+485.
The output fromeach inverter 183, 1847 and 185 is di- 05 rected to™

gate 186. . NOR.Gae 136n00LLACLAvEHLLEM 680 184 g TP AUt llon RAITMICR
1y "high. f

gate 186 iS nor ring no-flow conditions,. the out put fraom each

Jlnverter 183,,:184 qutithgl §o- 3 A F130 RS idnsLhangaidvire Wmg1deFm NOR
gate 186. Wen any switch 143, 144, or 145 is closed, its corres- 10 -

- pondi ng i n¢eraeisFasdsre Hoghuse assihvestsignh83 whidd, tandslOR gate 186
~producing zero or low output until the switch is reopened. During one -
" conpl et e revol Ghieomudputhsfrom 4Bcheaiventiax il 8313, 1844 anddldasigpdas and
" closes once. This switch action causes three pul ses by NOR gate 186 from
its M6 mamegted thiNAR ARt 189 zeNBRoP2EBWIEG SRLLECHRe G e s
LoLaton e o N LR OO s SRR R
0 ool SRR, U5 B i [ OSLERE P Tib VR -
of fluid f)oW1g% |1Q0ifero and does not change the output from NOR gat§
' '186. When any switch 143, 144, or 145 is closed; iﬁs corrgsé | ;;;
10 ponding in&erter sends a.high'or positive signal which trips R
NOR gaﬁe 186 producing zero 6r low output until the switch is
reopened. During one-complefe revolution of shaft 142, each
‘switch 143, 144, and 145 opens and closes onCe; ihis switch
action causes three pulses by NOR gate 186 from-its-normalif
15 high output to zero or low output. Therefore, the rotation
rate of shaft 142 within floﬁ-sensor 140.can'be'determined by
counting the number of zero.pulses-per“unit tiﬁe dn}line'187
and dividing by fhree; Shaft rotation can be converted to
fluid flow rate by mnltiplying by an appropriate convefsion ;;
20  factor. | |
In order to obtain the'direction of fluid.flow, a logic
circuit including flip-flops 176:and_177_is'éonféined'oh'
circﬁit board 151. In addition to NOR gaté3186;,the'output '
from inverters 183 and 184 is directed to flié—flop‘l76.' A s
25 device CD4013BF is satisfactory for use as flip-flops 176 and
177. Flip-flop 176 is selected to produce'high or poéitive
~output when switch 143 closes before switch 144, 1f ‘switch -
144 closes first, the 6utput from flip—flop 176 is zero; The

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



~circuit including flip-flops 176 and 177 is contained on circuit boatd :
151.. In addition to NOR gate 186, the output frominverters 183 and 184
i.s directed to flip-flop 176. A 25 'device CD4013BF is satisfactory: for
use as flip-flops 176 and 177. Flip-flop 176 is selected to producetdii gh
or positive ‘output when switch 143 closesgbefore switch 144. |f switch 144
closes ™rst, the output fromflip-flop 176 is zero. The input to
flip-flop ligvestéheldsit pswiechf Lap) (| opfld6pasdtive- 32 Higheldighal8is

(switch 145). If a positive or high signal is received fromflip-flop 176
bef ore switthceiged| Ssom Hlimsildpveldd pedorei gwiltdls pévdodedesn. la ne 188
and a zero signal placed on line 189. [If switch 145 cl oses before a 05 '

positive siBRALtIereEePlug FLgRRL| iig- Proguced, on ddgie iMAS sAnfhad #erpl aced .
on line 189 and zero signal, .on line 188, The resulf of this laogic circuit
'S that sw PLIRF oBIPESTnOPnd IS lr 1k, SHAUCH aldS 1 23088 Ro DS TP

have a,posiij i.gnal. ~line 189 .t Ve £r Q..0r tive_.sigpal

g tontlo. PevEeEre"RioRRE spuetsivels bR Trl e OO {TRES R,
have a posi tiydgssi gRabia | kpe tQgh I is L. ~EhQ sQut from
NOR gat e 18%%%?0%% is?lg?g%olr’?i g)'%gié ?ggf Iaﬁiadaf I%%le'/gr a%tlgl,ﬂ%lls o& _rqé%;éeg%itsﬁ_

paral |l el torhethedORk 9ot enid0 it Wlrculife iS ¢hAk eWikbReci88uké dhregsed
only to-NOR gate 15 190. The signal online 189 is directed only to NOR:
gate 191. Devder €DADLIPFL44, sad sI45taaysdorlirme 168 NORIgateen Hifsithive,

l signal and line 189 to have a zero or negative signal. Switch
-v' .; ) -.- . . ) - .
10 - closure in the-order of_145, 144, and 143 cause line 189 to

have a positive signal and.liné 188 to have a zero signal.
The output from NOR gate 186, which is proportional to
- £luid flow rate, is-difected in pafallel: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'19l;
Devicelcb4025BF.is satisfactofy 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,
N : 144, and 145. NOR gaﬁe 191 will be triggered by switch
20 closure in the order 145, 144, and 143. The raﬁe of trigger--
ing either NOR gate 190 or 191 will be thé same as the rate of
'triggering NOR gate 186. Thus, line 192 carries voltage
pulses prop0rtionai-to.the rate of fluid flow,'and iine 193
has a constant voltage when switch closure ié 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 vbltage. " During no-flow condi-

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

Tfca88 to -



. .and 191. The result of this configuration is that only NOR gate 190 will be
_3triggep%g'by switch closure in the order 143, 144, and 145.. NOR-gate 191

LWLl b®Friggered 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 tri‘ggering NOR gate 186. Thus24kine 192 carries voltage pul ses

- relay "195.

proportional to the rate of fluid flow, and line 193 has a constant &b(tagé
when swit drigigexing iof NOR getesdd®02and 192, ahd4a epdstdht voheagéhen
- sequence of switch closure is reversed, line 193 carries pul se proportional -
“to- flow r¥ogh ddaesi 392192dhd83a constant vol tage. . During no-flow condi - '
tions, NOR gate 186 is-not_triggeredr ‘This results in no _ -24- B
triggering of MOR gutPyt1§FomnNORoFaERILE0 chpsEhrected t vt bt T? 130%ks
192 and 193. .Th tput from NOR.gate 190 is_direc vig line 192 and
" cont act 1§EWF§°%1ﬁgfegglgé%g%SHaérsVéFﬁ 3§6Feiﬁ¥ei§€tp ?r?ﬁﬁ?ﬁ?:fﬁﬁﬂ?
gate ,191 i i edoVia_li and coni act 3 i alyeswi g ch or
5195 VORIt e Aebrdal M CTLAT 199 J2hd, BobthBh 1535 84 14" 09

are connegiad +atadn sikdh b2 GG 1805 . 14GRe124<CaNS! Al VIOld At d AP
causes each relay to open. Therefore, during no-flow conditions, both

. relays 19%hi@h readstd&sane7opens, he YOt age tomNdcted CORNVET tRipudbd s

measured by the voltage drop across resistor 199. This value of voltage is
sel ect ed tconwesdtece 146f.r cuernptentpuolshge8d0put causes each relay to .

open. Therefore, during no-flow conditions, both.reiays 195 .
‘10 and'196_are-bpeh.g'The voltage'iﬁput-to cénverterhl46 is .
measufed by the voitage.drop a¢foss resistor 199. This Qalue
of voltage.is_selectetho pfoduce a frequency output of 1800 |
hertz from converter'l46.-,2hen the direction of £fluid flow
causes voltage pulsés to Se.present on.line 193, relaf 195 15_
15 intermittently closed-cauéing resistor 198 to be intermit-l
tently connected in parallel with resistor 199. :This'reSults
in pulsed decreﬁées in thé_voltage_input to converter 146.
The wvalue of the vdltage decreaée is selécted-to produce a.
pulsed frequenby_oﬁtpﬁt_of 1660 hertz from converter  146.. ' ;;
20 _ Closﬁré of relay 196n¢ausés.resistof 198 to .be connected
in parallel with«fesiétor-197_ This circuit fesults.in a
higher wvoltage drop across'resistor 199. This higher voltage.
is selected to produce a frequency output of 2000 hertz from
converter 146. |
25 The combined effect of the electrical circuits on circuit
| boards 150 ahd 151 at terminal 46 is frequency pulses of 1600
hertz for flow in one-direction, fréquency pulses of“2000

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



“hertz fromconveérter 146. Wien the direction-of fluid flow causes voltage
pul ses to be present on line 193, relay 195 is 15 '|ntern1ttently cl osed
causing resistor 198 to be internmt- tently connected in:.parallel with
reS|stor 199. . This.results in pul sed decreases in the voltage input to .
converter 146. The 'val ue of the vol tage.qdecrease is selected to produce a
pul sed *Y%quency out put of 1600 hertz from converter 146. 20 - Cosure
of relay 196ignakefor aso-stow:198He dugnbean e pad sed. Rar abks! sWthaLissi st or
197. Thiis circuit results in a higher voltage drop across resistor 199.
Thi's hi gher pyvoporgtonal st eflwidl tilqw adibee a frequency out put of - 2000 hertz
from converter 146. 25 The conbi ned effect of the el ectrical
circuits on Circuit boards 150 and 151 at terminal 46 is frequency pul ses

of 1.600. hegt r flow in one. di rectlon frequency pul ses_of 2000 hertz
gL 28 Lrc X ymaskaon, £rom. Flow: Sensor

forfIOW| s -

- 25- | f fl nb h tuation is ‘
pr opor | gﬁm | 1(:)(r) é]é)upag\fl’yf'ﬁﬁlsﬁ]%t 15@%]r55ﬁ|§1 l#r]ts)%‘fseslggﬂgg’% #3'& ;Jpa I qer?zo? mat i on_
f Fl 0} c S S

pﬁgghcegm% stea %%dﬁ% 1800 ¥%$#§ ur gﬂéoﬁﬁPU|dkgﬁ“mﬁgégét%lgﬁéa%t

- downhol e to@éwﬁ‘l@ele Pub§§8,40prowltééwal pESpd Qb AL et@”‘le@V'f%éa digquency
of 1600 hertz, are produced by fluid flom/ I n one direction at oW sensor
- 140. Pulseshawimmoatfreq&eﬁcy of 1600 hertz, are produced by fluid flow"
L  in one direction at flow sensor 140. Pulses,-proportional_to
x*' 10 flow rate aﬁd having a frequency of iBOOIhertz, are produced
by fluid flow in the:opposite directibn at flow‘sensof'140.
The flow signal iSftrahsmitted-from terﬁinal 46.to-terminél 74
by electric line 41. Fllter 140f is des1gned to allow fre-
“quency SLgnals within the range of 1500 hertz to 2100 hertz to
iS ~ enter the processxng 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
directedlto operational amplifier 210. As{previously dise
&w; cussed, amplifier 210 contains both an amplifier to incréése _
20 :*the3absolute value of the AC signal and.a comparatof to
convert the sine wave type signal into essentially a square
wave-having_the-same'freqﬁeth-as the signal leaving filter
- 140f£. - | | | H
The flow signal is next direcﬁed to fréquencj to DC
25..-voltage converterIZIl;which produces 'a DC vqitage butpﬁt
cofresponding to the frequency input. A frequency input.pf
1600 hertz ﬁroduces-a DC output'dn line 212 6f’7.0 v¢1ts-DC.
A frequency input of 1800 hertz produces 7.5 volts DC, and

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



10 flowrate and having a frequency of 1800 hertz; are produced * by
fluid flowin the opposite direction at flow sensor 140. The flow signal is

g

1%

transnmitted fromterninal 46.to terminal 74 by electric line 41. Filter
140f i.s designed to allow fre- .quency signals within the range of 1500
hertz to 2100 hertz to 15 enter the_pgocessing circuit for signals from:

flow sensor 140. Fi-lter 140f functions in the same nmanner.as previous de-

- scribed. f Qenllt 9108 rodulae phC vitinide fiamds Idur ot Yorverdisieaad A0

operational anplifier 210. As previously dis- cussed, anplifier 210.
contai ns prbkuredamel ifiy 212 ) NA eastqrd fehbarabasl the \flowe sifgridle AC

‘'signal and a conparator to convert the sine wave type signal into

essenti al lproaesgiage ciavcaitavisglihe QQQEWhmamndnqﬁQnstﬁﬁesA@nahpﬂBaV|ng

filter 140f. The flow signal is next directed to frequency to DC 25
vol tage cémeaneacy2signhilchopreatiees adbc vBrig Rl IR kN SormaIfen Ul t o

LE? e 1583 g ggétl&&fv?sye% ta fles Eﬁ%ﬁ%%‘ggroo%r&ﬁip S GadIow s o
ts DC, d 20 h d 8, f
] _-Y(2)6-S sen?%?‘sffoquogh e §g%$§bepgu?§%%f%%tc%{w 1‘ﬁvtel’g ﬁgl%orgéé%g}su;g? |

-on line 232, A unique feature of the flow signal proceSS|ng circui-t is

a||0“5 'nStrU”QmESDEUQBltage pulses on line 212 are dlrected in paral-

l.i ne 240 mhlch directs the AC input. frequency signal to contact 241. This

lel to compa;ators 215 and 216. For purposes of explanathn,
10 éomparator 215 will ‘be assumed'tb have a normally high or
positive output and comparator 216 a normally low. or zerd-
output when the signal on line 212 is 7.5 volts DC. This
artangement éould be easily modified by. those skilled in the
art depending upon the logic éircuit which is used to evaluate
15 the flow information. A.device_LM339 is satisfactory 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
volts DC. : When the voltage on. line 212 is 7.0 volts.DC, -
| 20 cdmparator 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 affects only comparator 215, and a
signal of 1600 hertz from sensor 140 affects iny comparator_'
216. 1In other words, flow in one direction caﬁses.comparator
25 215 to pulse at a rate propbrtiOnal £o-the fluid flow rate at
sensor 140, and fiow in the-dpposite 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



--05 as an oscill oscope to-di rectly'rrbni tor the perfo'r mance of flow sensor
140 and the signal processing circuit through converter 211. The DC vol tage :

pulses on line 212 are directed in paral- lel to conparators 215 and. 216. 47
For purposes of explanation, 10 conparator 215 will be assuned to have a
normal | y high or positive output and conparator 216 a normally |ow or zero

output' fen the signal on line 212 is’ 75 volts DC. This arrangenent could

be easily nmpgidies by1s hOanéngcéfQ hpet nggr e od$RRRA 1929 RN EE‘P%GV, oL

circuit which is used to evaluate 15 th Iowmforrratlon

LMB39 i s safhbfeeh Owyatnr cUsPe 850KQIMGT 860Lhe2pB 1800 kB e d hgsyel t age
on line 212 is 8.0 volts DC, conparator 215 shifts to a l.ow or zero out put .

Conpar at or &i&ted catpartd emt £d The voldmae frametntéwiter. 518/ 0lé sdDfactathen
the voltage on line 212 is 7.0 volts DC, 20 conparator 216 shifts to a
hi gh out putto Lovneeter o¢lP 1t imrowidenfs exigrR loyr il padeeshélagwng. Smpdlit-s
DC. Thﬁ% a signal of 2000 hertz from sensor 140 affects only conparator

215, and a Sged 1’6ft11%0%)a‘f‘|%r432rq<?%‘rﬁ%éﬁsdw1m aﬁ‘%bt@vmrcéﬁ‘ﬂar affbe

216. | th di t t 215 t

oul se at o TRrAD R ot TriRRr S A e tate Sureched toagR sl Ioow
th . | t

(low race ho WIS ChEPEIFONSES SRAPRLTSobo'ed BRodbdh o rald L 14098, °

The DC Signﬁétéré!&ﬂéIWEHfﬂdﬂta%kﬁzbi.d'&ﬁ%tﬁggieal output at contact 221

' _ is not affected by the directon of fluid flow.

;0 : 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
0f fluid flow causes comrarator 215 to be triggered)ipositive
pulses of uniform width are present on line 248 as an input 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-en input.to;amplifier 222,
During no-flow conditions,.the output fromrcomparators

A 215 and 216 is stable with no pulsee; Thiseresults in-no.
20 _ pulses being present or a zero voltage input to amplifier 222

and a zero output readlng at contact 223. " As either compara-
tor 215 or 216 is pulsed, an analog output at. contact 223 is
produced by ampllfler 222 which is proportional to the input

i .. pulse rate. The direction of the. analog signal (positive or

25 negative) at contact-223'correepohds to the direction of fluid

- flow at sensor 140. | |
Light diodes 229 and 2303§rovide_eh alternative méans. for -
indicating the direotion of:fluid flow. The signai from

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



-27--inverter 2.18. Inverters are used to provide a DC pul se of .uniform
-wi dth corresponding to the pulse rate of its asso- ciated conparator. The-
signal ,frominverter 218 is directed to inverter 219 to provide a signa

Wi th. Bﬁises having anpli- 05 - tudes, in the sanme direction as pulses from-
inverter 217. The si-gnal from both |n¥§rters 217 and 219 is directed~to OR
‘gate 220 which merely sums the pul ses produce a digital flowrate §fgna
at- contac I tal sQu ct fecied y_the
directon %P%ﬁl 513-'{?I f%g E’g i ERETﬁgi-%%?%{i‘ fr%%e% #f'a nv@r?’%rnblelr 218

s directgdgvisg @q&réwéaatﬁal e ?@e&' 5881 EBOEﬁegégz%nﬁl%EQ [AYPEEHdel y to

provide a conbined input to anpliTier 222. Wen t I rection of UId flow .
causes- cogpaial Flowlist AbatHd IR dirddsid Ve TS asida U Fudg s dt h

are present on line 248 as an input to 15 anplifier 222. en the

di r ecti on60f pkbuidet| awtausdsindicapiontof 46 dirdetidsn gperiihidefiadv ve
-pul ses of uniformwi dth are present on'line 228 as an input to anplifier
222. 0Buri Ay wediitdanc dedian @ lache ignadut fkm,cdﬁmtdimemammme is
stable with no pulses. This results in no pul ses being present or a
zero vol t 288 PﬁﬁﬁﬂdﬁoaaWﬁFFF@eFnéégaﬁﬁenatEéFoséﬁﬁﬁﬁt14%adgh§eaflcoﬁﬂéct

223. As either, % gpara 215 or, 216 | ul sed, ap anal og, out put- at -
contact 23§SPSiBFE W%}zﬂﬁﬂqeﬁsépgéf?%ﬁﬁﬁﬁF|%F$r PREELORERTt BEPRE i nput
pul se ratg %ghe direction of the. anal og signal (positive or 25 negative)

at contact 3 corresponds to the direction of fluid flow at sensor 140.
- Light diogegsedBeafdnedP provide an alternative nmeans. for -

e

"\

10 : The.SignaL from pressure Sehsor 100 is transmitted to
terminal 74 via;wireline 41. Filter 100f is tuned to acéept
: only_signals within the frequency rage aSSignetho.s;nsor 100. _
Funcéionally, £ilter 100f is-equivalentiﬁo filter 80f but has .
different values of inductance and capacitance. Operational
 15 amplifier 101 and frequency to voltage converter 102 process
the preSsure-signal"afte:wit-leaves filter-lOOf'in.the'same
manner as amplifier 56-and.converter 57'in thé'temperature.
signal processing circuit. - Frequency conver£e£~102 produces
an analog pressure éignal which is directed to terminalllos by \)_-
20 . line 104. ‘A digital pressure 51qnal is directed to terminal |
and to terminal 106 by line 104
105 by line 103/v1a 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 compuﬁer'72'to terminal 105. Thus, ﬁhe'present inven-
tion allows for simultaneous recording and-display-df pressure
and temperature at the well surface. | o
Various pressure sensors are commercially available for

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



i'ndicating the direction of fluid flow - The si-gnal frominverter 217 is
directed via OR gate 227 to energi ze di ode 229 - 28- . 1. when
fluid.flowis in one direction. The signal frominverter 219 is directed
via/OR gate 228 to.-energize diode 230 when fluid flowis in the other"
direction.. . Thus signal processor 60 ovides a visual indication of the.
dlrectr§ﬁ1cﬁ fluid flow 05 - in additi to an anal og signal. Also, Ilgﬁ%a'

di odes 229-4af 238s808K! dendot $4AlsH A Cﬁtl@n?thﬁ téﬁessrs&f%s& pﬁ 4L,

and associ ated signal processing ciTcurts are Tunctronng prob

Pressure S@BSGEd by H. E. Karrer et al.
- The si gnal fron1pressure sensor 100 is transn1tted to ternlnal 74 Vi a

wireline41. Filter 10X is tuned to accept only signals within the
frequency rage assigned.to sensor 100. Functionally, filter 10X is
equivalent to filter 80f but has different values of .inductance and
capacitance. perational 15- anplifier 101 and frequency to voltage -
convePber EﬁQEﬁEbEEésEEEE:EEEEEMEB'signal after it leaves filter 100f in-

the samé manner_as anp)ifier_56 and converter 57 in the-tenperature signal
processing circutt. meFF%ﬁh%ﬂ%yd%Bﬁ%%?tE# tool pﬁSdGG@sS&ﬁWQnémo§5ﬁ¥E§§hre

o S0ah TR BN ) | YA AR 40 s kAR eBEr, "rEEEARS 105
by -Ii ne 10§évE@o&rQQHQQFYC3y$éﬂ£&6531399pe EbEREE! 43|,  as previously

-ﬁx' expla}ned, collar locétor 80 is preferably the first sensor
10 attached to electric line 41. _

' Adapter subassembly 160 is used to mechanicélly and
eiectrically‘cbhnect collar locator sensor 80'and.témperaturé
‘sensor 120. With only minér'modifications, adapter subassem-

 bly 160 can be used to attach any.type'of sensor -to well tool
 15".40. Subassembly 160 is generally cyllndrlcal with lnternal
thr?ads 161 on one end and external threads 162 on the other
‘end. Threads 161 and 162 are_qsed_tO'make ;he_mechanlgal
connection between the sensors of tool 40. Receptacle 164;
) " disposed within sﬁbaSSembly 160, is'manufactured.f:om_électri-
20 cally conductive métérial.such as cdpper. 'EleCtriCAl.inéﬁlat—'
'.ing material 165 surrdﬁnds receptécle 164 and préveﬁts elec-
" trical current flow between receptacle 164 and the other -
portions of"éubassembly 160. Elecfrical'.connectoré 166
"(banana plugs).can be insertéﬁ into receptacle 164. The tip
25 of each connector 166 functions electrically'as éither ter-.
: minal 46 or 47;. Elastomeric éeéls 163 are érovided to block

- fluid communication between the exterior of tocl 40 ané the N

electrical components carried within each sensor.



._déviCeé_4017 and 4024 are satisfactory' fof use as mul tiplier 300. Strip

‘chart 71 can be electrically connected to termnal 25 106 and conputer 72
to tergmal 105. Thus, the present inven- tion allows for sinultaneous

recor dith

and di splay of pressure and tenperature at the well surface.

‘Various pressure sensors are conmerci aly avail able for ‘use as pressuf _
-sensor 100 within tool 40. An exanple of one .-29-. such pressure séensor

i s shown in U SoPaiientsiedifidIbdin-40/ estoach hiyn Hidureéarided etpralssures
Configuration The mechanical details of tool 40 are shown in-
Fi gures 7/séhson] FQuiees notElhavy ix dernningl4 equd vigrlendr &9 \cerminadhdd to
tool 40 by. conventional rope socket 42. As previously explained, caqllar
1 ocat or 80°f sthe cothed| §hrer FensArsendherRforey ttahatdiaes /0@ Liilne
41. Adapter subassenblg 160 _ |y
_connect cofar el8eEFAFaLlns 5PPRECERT. TnpRFEIRRE 3t

i dificati sub | - |
Dypeof St U PR R I R g
.C ’ t . -

oylindrl calegidd 168 SORubBLFAudE RO OnS £Ad BpandNier BRL pbesadee162

Mechani ca

is used _to nechanic and'e%ectric | |

and 162 are used to make the nechani cal

connect | Onsﬂﬁié{@eahé{%@fﬁ&morm@é 190! e4@enaBeetpbaghe hbidow tube 172

10

15

20

25

which mechanicéliy and glectrically:bypassés pressure sensor”'
100._ Wire 170 suppiies theiéleétrical power to.§nd.transmits
the signal from”ﬁerminal 46 of flow sensor 140. - |
‘Pressure sensor 100 is_attached to carrier assembly 110
by threads 116t Assembly 110 includes subassemblies 107 and .

108 which are mechanically connected by bypass tube 172 ara

protective rails 114 and 115. Rails 114 and 115 are segments

~of a cylinder having the same length as bypass tube';72'and an

outside diameter compatible with tool 40. An inside diameter

111'is machined on each rail to allow sensor 100 to be carried

with assembly 110. The final result is a_downhole tool having |

a relatively uniform_outside diameter with sufficient struc-

fural integrity to protect delicate electrical components.
_The.previously'described toolléo.and récording meéns_SO-
can be readily adapted for use-in“other electronic systems.
The'previous description is illustrative of only one embodi-
ment of thé éresent invention. Chénges and modifications will
be readily appérent_to those skilled in the art and may bé
made without deparﬁing ffom the scope of the invention which

is defined in the claims.
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di.sposed within subassenbly 160, is nmanufactured fromelectri- 20 cally
-conductive material such as copper. Electrical insulat--ing material 165
surr-ounds receptacle 164 and prevents el ec- trical current flow between
receptacl e 164 and the other portions of .subassenbly 160. = El ectrical
connectors 166 (banana plugs) can be inserted into receptacle 164. The .
tip 25 Sof each connector 166 functibns3gﬁectrically as either terJmnal .
d conmmuni cat’i on

46 or. 47. - El ast. i C /s 16 i ded- t.0 bl gck.f | uj

betvien i he ext e Tataadhs oo RETLCOBERLnE BORpORBH Sionr 1 ed

W t hi h anzrd: , SN A | <4Q. i i 7A- D,
31esgzr2?03éﬁggﬁg%ﬁgyégggghéﬁﬁagggﬁgﬁﬁgﬁkﬁkél%g%uFV2E§%§$@%£P£$%$E;FS47 of
the other thgge .@-Apg;&ﬁ%raecfi%ﬁ; g Sul mgal;zgtiggg_laésveffbsl ictrlcal ly

connected to termnal 47 tenperature 05 “Sensor _ re 171 is
connected toai@rdndi hdfingd'dRsgWes . sensor 100 to. supply power thereto
and transmt the pressure signal therefrom Wre 170 extends through

hol | ow tube 172 which nmechanically and electrically bypasses pressure
sensor 100.. Wre 170 supplies the electrical power -to and transmts 10 .
the signal fromtermnal 46 of flow 'sensor 140. Pressure sensor 100 is
attached to carrier assenbly 110 by threads 116. Assenbly 110 incl udes.

" subassenbl i es 107 and 108 which are nechanically connécted by .bypass tube.
172 ana protective rails 114 and 115. Rail's 114 and 115-are segnents:

s



15 of a cyl i nder havi e sane | ength as bypass tube 172 and an outsi de
di'amefygr Tonpatible with tool 40. An inside.dianmeter 111 is nmachi ned on

- - each.rail I mmﬁt“\“ O.to be carried with assenbly 110. The final- -
~restlt is ;“ﬂﬂ“&“ﬁl ving a re]atively uniformoutside dianeter with
sufficient struc- 20" tural integrity to protect delicate electrical
- conponents. The previously described tool 40 .and recordi ng nmeans 50-dHﬁ'bej
‘readily adapted for use in other elecjyanic systems. The previous - .
description is illustrative of only one enbodi- nment of the present -
~invention. Changes and nodificati ongLagMs 25 be readily .apparent to
those skilled in the art and may be Tade without departing fromthe scope
of the invention which is defined in the clains. Ref erence is made to = .
~~our copendi'ng Application Nunbers 8430604 and 8430605 whi ch are divided out
“fromthe present Appli&ati oh. meUhedcoRrpeaSRr inthAnfbsranfidifd i ai m '
- sensing devices. - 31 - CLAIMS 1. A nethod of neasuring and . . D
Ctransmtting infoinfPrBAtieBnf FOMt PRI EIPIROIIRRM SRS IR AWRISE 2 a
| “ey' boresthrOthaawgigngrgOQgEg&gﬁ'glgfgéigaéoéégg%or electrical line

to a central-location comprising the steps of:-

 a. transmitting.electrical-energy_from“a.pOWer ' ;;

' source at the central location to the sensors via

10 .- | the electrical line;

b: each sensqt.meésuring'an-assigned pafameter'and
| Converting the.glectrical'energy to a signal
within a discrete frequency range assigned to'
15 that sensor, said signal having a freqﬁency
_'proportional tb_tﬁe valué of the parameter;
c- transmitting the combined signal from all of the_  QQ
sensors to the central location via the

20 ,electrical line;

d. filtering the discrete fréquency signals from the
combined signal on the electrical line at the
central location to produce one discrete signal

25 . for each'sensor; and



to a central location conprising the-steps.0£Tjh;:‘-ITzﬁEﬁﬁTTTng o S
electrical energy froma power source at the 43”"[1’"& | o the S
sensors-via 10 . the electrical Iine; 1l "ﬂmﬂ,ﬁﬂlf measuring an
assigned paraneter and converting the electrical énergy te assignal w.thin
a discrete frequency range assigned to 15 - that sensor, saidJo

si-gnal ﬁﬁving a frequency proportional to the val ue of the paraneter; C.
transm tting the conbined. signal frou1§hg_gf t he sensors to the central

| ocation via the 20 electrical line; d. filtering the discrete
frequency signal s &comphecessinqeshcti ghiscmtd e gladctto odltalinna at the
central location to produce on.e discrete. signal 25 - for each

sensor; and 3la- - ereadpupcetsthr) nfdrmltionretts agisgpiditedo fobmaithea -
readout of the . information transntted fromthe respective sensor. 5 -
2.. A method as cl ai neB®FReEF &Y 92980 %her conprising the steps of:
transmtting direct current electrical energy to each sensor by the singlte
gonductor electrical line.; and varying the total quantity of the direct

Current_bysprese|e§ted Q?Duﬂtﬁethodfas claimed in claim 1 further

" 'Cdmpfising”the steps of: 'transmitting”direct'currént -'
electri¢a1 energy to each sensor by tbe'éingle
gonduéto; electrical line; and varying,the total
quantity bf.thé direct cufrent'by préselected-amounts

10 - which correspond respectively to the number and type

of sensors.

3. A'method.as claimed in élaim 2 further.
comprising_the'stePS'of: each sensor moduléting the -
15 _direct.cufren; supplied thereto and producing a
| variable frequency signal withiﬁ-the Eespeétive
frequency range éssigneq to each'sensqr; and varyiﬁg_
A : the frequency of each signal to correspond to the
value of the information being-meésured by the

20 respective sensor.

4. A method as claimed in claim 3 after
. _ filtering the combined signal furthér comprising the
following steps: directing each individual signal

25 . through an operational amplifier after leaving ité



3;107 ~ - which correspond resoectrvely to t he nunber and type of sensors 3.
A nmethod as clained in claim2 further conpri sing the" steps of: each sensor
'--nDduLairng t current supplied thereto and producing a

~vari ab fremﬂmmm““‘mmﬁmhr n the respective frequency range assigned to

each ensor andcva¥ yi"g st hé frequency of each signal to correspond tgthe

Zyalue of the i nf ormati on bei ng measured By the 20 - _respective senS0or.

4. A method as claimed in claim3 afté@ filtering the conbined signal :
further conprising the follow ng steps drrectrng ach individual, si nar 25 .
.through an operatreﬁﬁﬁcahﬁﬁr?+%Feéit%ﬁdI§§R#¥EF|? 149%Yld“%i St q

-32- respective filter.; and sendin e i ndi vi dual nal a- frequency"
to DC vol tage. con&@rﬁeﬁnguﬁ?Sﬂuﬁ% %fbﬁ € o ?ﬁﬁﬁﬁfﬁ1 quq e

1 or et on TeeSUL ol LA SSRRALLY 5B un e e A IE b E1) T 0
arnfornatron neasuggg Qgsgggglsgnggﬁsofecordrng t he analog output on a strip
chart recorder pro ucin _ o
5. A method as claimed in“claim 4]fur§he:
comprising_the_stepe_of:-'produeing an_analog'output
.of the information meaéured by each-sensor; recording . ...
.the analog output on a strip chart recorder; produc1ng -\’1
_10;. o a dlgltal output of information measured: by selected
sensors;-and directing the dlgltal output to a
._computer for storing and furﬁher processing;d
6. A system,for-sensiug multiple ﬁarameters at
15 remote locations, transmittinélinformation concernihg
| ~ each parameter to a central-location and :eco:ding the
'information comp:iéing;f.-
| | o
‘a.  a power supply and signal processor at the '
20 - central.location; |

b.. a plurality of sensors;.



10 - - a dlgltal out put of i'nformation neééﬁ?ga\ﬁy“sé+eéted;§gnédrsj and

directing the digital output to a conputer f and further = - o
“processing. 6. A systemfor sensing nmulti pl 2” y‘#mﬂm,"[s renote
toac

| ocations, transmitting information concernlng ea entral
| ocati-o and recordi ng the |nfornat|on conprising:- a. *a power syfply and
si gnal gfocessor at the 20 L central location; b. a plurality of
sensors; -32a- ¢. an electric line connecting t he pomer suppl y- and

"~ signal processor with the sensors;. e 32aeach sensor being arranged to
nmeasure an assigned 5: paranmeter and each sensor having a

f requency nodul at orc4 or qqnﬁiﬁQﬁ}hﬂ1lﬂh@ GoBoeCcténgi bheapevgnasupblyi and

di screte frequency range. assigned to that sensor said signal having a
frequency proportional tHiSAfd PHOFESSPLt Wd thpShgnEeBEOrse. e. . a plurality
of frequency filters within the signal processor and each filter selected
to extract fromthe conmbined signal on the electric line the signal from

_ene assi-gned SEnsolg, an%é@i sensor being arranged to measure an assigned
| 5 . ‘parameter and:eachqsensor-havxng a:frequency'
: modulator for imposing on the electrié:line a
signal within a discrete frequegcy-rangeaassigﬁed
N S . to that senso:-saidssighai'having a fréquency
' pfoportiqnal to the value bf.the pézamete:;
10 o
: e; ‘a plurality'of'ffequency'filters within the
signal processor.aﬁd.eachsfilter*sélected to
-éxtractvfromﬂthg combined signal on the electr;c-
line the.Signal.frdm-oné assiéned-sensor; and 
f. - the signal processor beidg arranged té:process
each discrete sigqal to provide an indicatiqn of
the information transmitted from tﬁe respeétive;'
sensor. |
20 |
~"':: | _:. - 7. A system, as claimed in claim 6, further
. comprising: a plﬁrality'of operational amplifiers to
iﬁcrease the'éain of'the.sigpél from each filter; and
frequeﬁcy conﬁerters*tp-process.the signal_frém each

25 operational amplifiér to produce an analog and digital



“f... ~ the signal_. or being'arrahged to process each discrete signal to
'prOV|de an |nd|cat|o nfornatlon transn1tted fromthe: respectlve
'sensord 920 7_ w al med in claim®6., further -

c.conpri sing: of dperational anpllflers to increase the gai n of.
.the signal froﬂ\eéch filter; and frequency converters to process the Stgnal

fromeach 25 . operatlonal anplifier to produce an anal og and dlglfﬁ
-33..- out put corresponding to the paraneter neasured by each sensor. 8. A .
:systen1as clained in claim6, where+n3Fhe 5 electric line conprises -

a, single conductor. fromthe central location to each sensor. 9. A system -

‘as clainmed in cl aiomtpusheogice sphedpogetos bhpl pacanpteseveasyoed cley ofackirect -
current 10 electrical energy, a current regulator for .controlling the
anount  of di rect G@nsOR- flowm ng through the electric line,, a plurality of
- switches within the current regulator which increase the current flow

. through the electric tine by presel ected amounts as 15 each switch is
- closed, and each swi tc% CO”%?:%%%‘ a4 Eﬁa%Saolnt Qfai%”éorénerem the
e 5. - -electric 11ne comprlses a 51ngle conductor from the

central location to each sensor.

9. lA-ﬁYstem-éssclaimed}in'CIaim-6-wherein the - ?\g
power supply comprisessa sou;¢E-of direct current
10 electricai.ene#gy, a curfent fegulator.for controlling
' ﬁhe'amount of direct current'flowing thfough the
R _ electric line, a.piurality-oﬁ switches within the
current regulator which'ihcrease-the current flow
through:theJelectric line_by.presélected amounts as
‘15 each switch is closed, and each switchhcorresponding

to one of the sensors. -

: 10;'A'system.as-claimedfin claim 9, further
comptising: . each Sensor electronically connected in
20 parallel with réspecc to ﬁhe'power'supplyf-and the-
operating current-reqdireméhtfof~each'sensor
correéponding;toythé-current produced by closing one

of the switches within the current regulator.

w



10. A systemas claimed. in clain19,'furfﬂg?—gaﬁﬁ?TETﬁﬁ?‘?éach sensor< 4
el'ectronically connected in 200 = paraluﬂ”' | to the power-
SUIOIO'AL? and the operating current require 'rﬂuﬂ mﬂﬁigﬂﬂor correspondi ng

- o

tothe current produced by cl osing one of tHe §wt Ssw kli'n the gufrent
regulatg;i .- 33a - 11. A systemas clainmed in clain110,_mhereﬁﬂ each
sensor.Surther conprises: a DC voltage to frequency converter; a -
frequency adjusting network to cohtrol the output of the converter to
within a preselected 5. - frequency3fange assigned to the sensor; and
means for varying the DC_voltage input to_the converter to correspond wth
the paraneter bei ng nmeaddredAbfyehemsafisetaimed in claim 1Q, whermirhowhaif
measuring and transnitt?n%Bin ormation froma well tool having multiple |

sensors at a. downlf&PECT GBEFRER FATRERERE  boR Lt HYRHERIR & npfeduensitiuct or
electrical line to g || surface conprising the steps of:- 1.5a._ .
transnitting eIgCLfP%%F@§ﬁ5(g§ FFSﬁangng$3%%E+F% ngc ?ﬁkyﬁﬁlggnﬁ?%ke.tO'
the well -tool via the %M%EE%'S%lthéngdnggrter'thWitﬁfﬁ*E55%5%&143%5%”'ng_
‘an assSigned paraneter and R . _ _

_ "5 . frequency range assigned to the sensor; and means for
| véryingrthe DC.vo1tage:input-to the converter to
correspond'with the paramete;-being'measured.by the 

NS _ sensor.

10 - . - 12. A method of meésufinévénd.t:ansmittihg
iinforma;ion from a well ﬁool-having-multiple sensors
at a downhole location in-afweli*bore~through a single.
'éonductor.électricél line to the well surface

,comprising the steps of:-

1s
a. 'tfansmitting electrical energy from a powef
E source at the well surfacg-to-the well tool via
e the electrical line;
20 b. - each sensor measuring an assigned parameter and

- - converting the eleﬁtrical.energy'to a signal
within a discreté f£equency'range éssigned to
that sensor,.said.éignal-havingﬁa frequency
propbrtionéiltd the valﬁé.oﬁ the”éarameter;

25



':convertrng Lhe—eLee%rrCéT’EHer§§’ro a srgnal mnthrn a drscrete frequency

‘range assigned to th

“to the valug of

“ﬁard si gnal having a frequency proportional
m\\m “ - 34 - c. transmtting the conbined
en

“si gnal framal | sors*o the well surface on the electrical |ine;
.5 . do - f||ter|ng the discrete frequency signals fromthe conbir
signal-on-the electrical line at the well" surface to produce one di sct e
“signal for each sensor; 10 . e. processi ng each discrete signal to
obtain a readout of t he informatior tHansnitted fromthe respective
downhol e sensor; f  transnmitting direct current electrical energy to 15
the downhol e t ool Sby trensphgFEng obRIce L R tFianal 1§5RR aldd of ther/aryrn

-'the total quantity of the direct curre b eselect d anpunt s,
correspond 20 - SeRERRRCFPVERS "(%hr h%u r°%n f% Js"\ié\ﬁ}sors

‘carried by the well

~ conprising the steps of*'

10

15

20

25

d.

to

. well surface to produce one discrete signal for a

L..13. A nmethod as clainmed in claim12 further
éach sensor nDduIatrng the =

filtering the discrete.freQuency'signals from the

comblned 51gnal on the electrical line at the
each sensor;

processing each discrete signal to obtain a

_readout of the information transmitted from the.

respective downhole sensor;

trahsmitting direct current electrical energy to -
the downhole tool by the singlet conductor

electrical line; and

varying the total quantity of the direct current
by preselected amounts which eor;eSPQnd-

resPeqtively-to;the;number and type of sensors

~'carried-by the well tool.

'13. A method as claimed in claim 12 further

comprising the steps of: each sensor modulating the

direct current supplied thereto and producihg.é_

o®



25

diject current supplied thereto and produci ng a -'34a-lvariabré'
frequency signal within the respective fre

| varying the frequency of éach signal to coﬂmmnmnﬂmmﬂlﬁgfnesggsor v and

the:informati on being nmeasured by the respettive's " 5 Sensor. 14. A
met hod as clained in claim13 further conprising the steps of:, ~dividing
-t he coﬁ%ﬁned signal at the well ‘surface.into the individual si Mal s from
10. - '
frequency. bands; directing each i ndrvB8aar signal through an operational
canplifier after leaving its respective filter; and sending each individual

-si-gnal

~the respective sensors by filtering: each respecti ve.

to a frequevayiabhe eftequencyproidinesl aitdumprhel 3espectdger espondi ng

to the informati on measured by the respective sensor. ‘15. A nethod as

claimed in clai m1EregReney &38R i %9 RpYhEensOFs ¢nd varygdag #§ean anal og

out put 20 of %he i nformati on nmeasured by each sensor; r%
e’p alt?

anal og out put on a

EBAPEIChatt F2ThrHhgR2 oS RARTE SROFyite

d nformati on neasUrgg b el ected sensors: aqp jrecting the d
Sring Fey s

“to a conputer for

5 .

5; >” respec

SEIRE 1 R AR

5 sensor.

cording the
SU‘E’B&PQOPQ -
kgbgak out put

14. A method as claimed in claim 13 further

comprising-the steps of:  dividing the combined signal

at the well surface. into the individual signals from

10. the respective sensors by filtering each respective

_:frequency.bands; directing-each.individual signal

thfough an operationai amplifier after leaving its

respective filter; and sending each individual signal

- to a frequency converter .to produce an output

15 corresponding to the information measured by the

respective sensor.

15. A method as claimed in claim 14 further

comprising the steps of: producing an analog output

20 of the information measured by each sensor; recording

the analog output on a strip chart recorder; producing

'a digital output of information measured by selected

sensors; and directing the digital output to a

- computer for storing and further processing.

25 —



-~ 35. - 16. A net hed—as—ctarmedin clai'm 15 further conprising the steps of
,.neasurlng pressdre te r uid flow, and collar |ocation by the

sensors “car rfgd o nm!mﬁmjl““% 17. A nethod as clained in claim16

further conprrsrn ransmtting the signal fromthe pressure
. sensor within the frequency range of 8000 hertz to 26,000 hertz;
ltransnrttlng t he signal from 10 . the 'tenperature sensor mrthln tﬁ?ﬁ
~frequency range of 200 hertz to 400 hertz; -transnmitting the signal fronrthe
fluid flow rate sensor wi thin the freggency range of 1500 hertz to 2100
hertz; and transnitting the srgnal fromthe collar location sensor within
the 15 frequency n@ngd méchbdhest zlatméd. hertkaim8l5 Afuether as .
claimed in claim 17 further conprising the steps of determining the
direction of flui ¢ompsisingt kBedshARs| ef| BeasnbhngyPressS¥rgyni ng a 20
- frequency within the range of 150Q_h y4 1700, hertz for flow jn one
- direction; assrgnFﬁ&Pngg@ﬁﬁenggu&FtEFﬂWtﬁ%drﬁﬂgeaﬁfiﬁ§®61%%r9% ?QFZlOO
hertz for flowin _the other dir andbih fiom1sensor Produ0|ng a

13|gnal ‘within thesF8§855t°9§rﬁfga§ég89ergﬁ
) 5
~17;_A.method as'elaiﬁed.in claim'lﬁ-further;.'
cemprising the-steps ofs: transmitting.the signal from
' the_pressu:e.eeneor_within the frequency range of 8006 f&*(
hertz'to-ZG,OOG-hertz;.transmittihg'the 1i§nal from )
10 ..che temperature sensor within_the frequency range-of o
* 200 hertz to 400 hertz; transmitting the signal from
the fluid flow rate sensor within the frequency range
of 1500 hertz to- 2100 hertz; and transmlttlng the
_signal from the collar location sensor within the

15 frequency;range-of:40-hertzfto 60 hertz.

18. A method as claimed in claim 17 further
_-comprising the steps.ef determining the-direction df
fluid flow at the-doﬁnhole location by: - assigning a
20  frequency within the range of iSOOIhertz-to-l700 hertz
for flow in one direction;. assigning a frequency
within the range of 1900 hertz to 2100 hertz fer flow
in the other direction;lagd the flow'sensor nroducing

a signal within the respective frequency range



B

- 35a - corresponding to the direction of~fturdfiow at The sensor. 1:9. A .

method as clained in claim18 further 5 | & he steps of:
‘directing the output fromthe frequency chmBmuEmﬂﬁmf | ow signal to a
summ ng network; assigning a positive or 1§ each pul se by

t he sunm ng network dependi ng upon- the frequency of the pul se; gpunting

the;tot%¥’10 ‘nunber of pulses fromthe flow sensor by -the sunm ng
network; and indicating if the pul ses,,are positive or negative. 20. A
system for sensing nultiple paraneters3ae a 15 -downhol e | ocati on,

transmtting .information concerning each paranmeter to the well surface and
recordi ng the infor¢RRISFPABHNG Fihghea diswer ioppprly LARddsE4aHI| apr BRessor
at the well surface; a downhole tool having a plurality of sensors; a
single electric |ineRRPr- connecting the power supply and signal ,
processor with the downhole tool; each sensor being arranged to neasure an
assi gned paraneter and each sensor having a frequency nodul ator for

‘kposing on the el ectricd] ne fcHdldls Wiknae? sl s3hepe1br eaveney range.

assigned to 25 . that sensor, said signal having equency
' 5 -+ comprising the steps of: directing the output from

¥ ~ the frequency COnverter for the flow signal to a
summing ﬁetwork; assigning a positive or negative
AN value to each pulse by the summing network depending
- upon- the frequency of.the-pﬁlse; counting the total.
10 - number. of pulses from the flowfsensor-bj the - summing
network; and indicating if the'pulses;aré positive.on

negative.

JZO.fA.syStem-fbr.sensing multiple parameters at a

15, .-_dowhhole ioCation,-ﬁfansmitting:information-concerning
| each parameter to ﬁhe_weli_surface-and.recording ;he.

informétion comprising: a poyer_sﬁpply and signal
ad _processor at the well surface; a downhole tool having

a plurality of.sensors; a single electric line
20 .connecting_thé power supply and siénal processor with
o ' L the-downhole'tool;'eachfsenspr_being'arringed té'
measure an assigned:pa;ameter.and each sensor having a
frequéncy moddlator_for.imposing on thé-electric line

a signal within a discrete frequency range aSsigned to

25 that sensor, said.signal'having_a frequency



S : S - . . ' = -
- 36'- proportional to the value-of the paraneter; a plurality of frequency

filters within : ssor with each fillter selected to extract
fromt k@zel ect H mmﬂﬁm Hmﬂmal- from one correspondi ng 5 sensor,
' ]

and 't he” Si gnal processom

provide an indication of the information transmtted fromthe respective

~ sensor. 10
~conpri si ng:

21. A systemas clai'ned in claim20, further. . ™
a pturality of operational -amplifiers to increase the gain of

ng arranged to process each discrete signal to

.the signal fromeach filter; and fredi@ney converters to.process. the signal
from each operational output to produce an anal og and digital 15 o
- out put correspondpngpdotibeaparanchervabas wickihy madneamnsora 22, A system
as claimed in claim?2l1l, wherein the power supply conprises: a source of
direct current 20pluralégrpcefiEegquereyyfiktens reitthimeqileatsoigrad cont r ol
‘the anmpunt of direct current flow ng through the electric line; a plurality
of switches withi REPRESEAF r &hEh r RN of bl ESthi TN AR LR A%t adh f&fm £ | ow
“'through the eIectrLc.I'ne by_piesel cted.am%ngs as_each smﬁtchggs .- 36a ¥
o c a ing - :

5

10

15 -

20

the electr ine the sign rom one correspon
sensor, and the signal processor being arranged to
process each ‘discrete signal to provide an indication

“of the information transmitted from the respective

sensor. . . a o B : : : _ \uf

21. A system as claimed in élaim:zo, further
comprising: a pldraiihy of operationa1 amplifiers t§
increase the gain of the signal from each filter; and

_ frequency-converters to procesé the signal from each
operational output to produce an analog and digital
ohtpu;.correqundinglﬁo.;he péraﬁeter measured by each

Sensor.

22. A system as claimed in claim 21, wherein the
power supply'comprises: a_sourcelof_direct current
electfical energy; a current regulétor to control the
amount of direct current'flowing through-the.eiectric-
line; a plurality of switches within the current
regulator which increase theicurrent.flow through the

-electric line by'preseleéted-amounts as each switch is

~/

o



¢| o-sed; and each switch COr'resandi ng to ', ich may: be
carried by the downhole tool. 23 ° A systemas clainmed in claim2l, wherein

the 5 downhol e tool further conpri ses m mm)"lmnm measuring’
respectively the parameters of pressure, flow, and

collar |ocation. 24.. A systemas clai rred | n claim 2§ further 10

conpr i s¥Ag:  the col I ar location sensor transmtting a signal within the
frequency range of 40-60 hertz; the tenperature sensor transnitty;,pg si gnal
wi thin the frequency range of 200 hertgata 400 hertz; the fluid flow sensor
transmtting a signal within. the frequency 15 - range of 1500 hertz to
2100 hertz; and thelpse&suamSﬁﬂorswimmddﬂd@@ﬁlr@néﬂo Winleh otth@he
frequency range of 8000 hertz to 26,000 hertz. 25. A system.as clainmed in
claim 22, wherein s@rs@os whichiowthde ¢zo0d i 6durdyhethec dopmihede: toedach sensor
el ectri cal |y connected in parallel with respect to the power supply; and

t he .operating current requirement of each sensor corresponding to the
current produced by cl oi'i\n one of the switches wthin the current 25

regul at or. .37- 26 SHSTERTSR 3§ Fidssh ’xﬂ SlRiss ZIMhQPEFﬁléaGHe
dovvnhol € sgnsor fUéL@SﬁofgnPééfeEur& I:)Ccvocl)tllpt 9% ¢ Four sensors. for

' measuring respectlvely the parameters of pressure,
temperature, fluid flow, and collar location.
.\%/ ' _ o o -
24. A system as claimed in claim 23, further
10 .comprising: the collar IocetiOn-senso; transmitting a
'signel within the frequency range of 40}60"hertz;_the
temperature sensor transmitting signal within the
frequency range of 200 hertz to 400 hertz; the fluid
flow.Senser'transmittingpa signal'within.the frequency
15 . range of 1500 hertz to:ZIOO.hertz; and the presSUre
sensor transmitting a 'signal withfthe-frequency range

of 8000 hertz to 26,000 hertz. -

Y
25. A system as claimed in claim 22, wherein the
- 20 downhole tool further comprlses. each sensor
- . : - : electrlcally connectedrln-parallel with respect to the

power supply; and the operating current requirement of
‘each sensor corresponding to the current produced by
closing one of the switches within the current

25 regqulator.



- frequency caonverter; a frequency adj usting network to control the output of
‘the converter t presel ected frequency range assigned to
‘t he sensog 4and I mlmmyﬂm g the DC voltage input to the converter to

1chrrespon W t h. t$he cpaLa ng neasured by the sensor.

. 10 ' 27 A systemas clainmed in claim 21, wherein the signa™
-processor includes one or nore |ight diodes to i ndi cat e proper . functlbﬁlng
of the system "28. A nethod of measuring and transmitting 15 :
“information fromnultiple renpte sersg¥s-through a single conduct or
electrical line to.a central |ocation substantially as hereinbefore
described. 29. A syst erd6.0A syrsieny asulcliapmedpanagdaéms 28t @berein esabte
~locations, transmitting information concerning each parameter to a central

location and recordfiunpalee semsormduirshesulgompnisesl:y aa8Chepdiagef bee.

- described with reference to and as shown in the accqnpanyi ng draw ngs. 25
- 38- 30.. A nmet hdFEEREYs FAWFLERS it RafSRALEPRY PﬁﬂBFH&PSOHeFWBH‘atWeII

.'-tooI haV|ng nultlple sensors at ocation_ in_a l bore t hr ough
a srngle conduct or* W ety i QWHR@%t8 t%éeWEPPvgﬁ FPEcEo within .

5 . preselected frequency range assigned to the sensor:
and means.ﬁor-varyinggthe DC voltage input to the
converter to correspond with the parameter being

measured by the sensor. L c N

10 : . 27. A system as claimed in claim 21, wherein the
: signal ptocesser_includes-one-or more light diodes to

indicate proper functioning of .the system. -

28. A method of measuring and transmitting
‘15 information from multiple remote sensors through a-
single conductor electrical line to a central location

substantially as hereinbefore described.

- 29. A éyetem for'eensing multiple parameters aﬁ
20 remoteuloeations,-transmitting information-concerniné
each-parameter to a cenﬁral location and recorainé the
information substantially as hereinbefore described
with reference to and as shown in the accompanying
drawings. | |

25



substantially as hereinbefore described. 31 —A-systemfor sensing nultiple
paraneters at a downhol e location, transmtting. information concerning
‘each. parameter to the well surface and record“mmmlmm,u i nformtion -
substantially as her ei nbef or e descrlbed with tlg l""as_shomn,rn:'
the acconpanyi ng dramnngs ' . € LM s

. \/

| - 38 - B 65
30. A method df measﬁring and transmittihé : |
informat;on-from,azwell tdol having mﬁltiple sensors
at a.downhole ldcation.in a well bore:through'a-single
céndUctor electrical line to the well surface o

-5 .~ substantially as hereinbefore*described;'

31. A system for sensing multiple parameters at a
N . downhole location,'transmitting information concerning
| each. parameter to the well surface and recordlng the:
10 information substantlally as hereinbefore descrlbed
with reference to and as shown in the.accompanylng

drawings.

oo



