2110743 APPARATUS AND METHOD FOR SENSI NG DOWNHOLE CONDI TI ONS Thi s i nvention
rel ates generally to apparatus and nethods for sensing downhole conditions
in a well and for:providing the information to the“surface as the
. condi¥i ons are sensed, and nore particularly, but not 5 exclusively, to a
wireline tool and rrethod for providing real-tinme surface readoggf@wdigl
stemtest data. In drilling.-and operati.ng a well, it is necess '
nQpit or downhol e conditions, such as tenperature and pressure, to obtain
informati on which is helpful in 10 evaluating the nature of the well,
as whether the well"is likely to produce. One particular condition
preferably nonitored is downhol e pressure, neasured over periods of t
.during which the well is alternately allowed to flow and prevented from
flowi'ng. This condition 15 is determ ned by nmeans of a drill stemtest
whi ch can be conducted utilizing the Bourdon tube technique known in the
art. Wth this technique a chart having a pressure versus tinme graph
scri bed thereon can be obtained. A shortcom ng of the Bourdon tube
technique is 20 that no real-tine or substantially instantaneous read-out
of the sensed pressure is available at the surface while the pressure is
being detected. Areal-tine read-out is needed to permt a person at the
well site to know quickly what is occurrlng domnhole durlng t he test
perlods The sHASPARATYS AYB ME QRPSENS i GONDETIQNSt em t est
usi ng -2- the Bourdon tube technlque a tool containing an un- scribed

chart and a Bourdon tube i nstrument are-| ower ed
This invention relates generally to apparatus

and methods for sensing downhole conditions in a well and
fo: providing the informat;on to the surface as the
conditions are sensed,'and more particuiarly, but not

5 exclusively, to a wireline tool and method for providing
real-time surface readouts of drill stem test data.

In drilling and operating a well, it is necessary
to monitor downhélé conditions, such as tempefature and
pressure, to obtain information which is helpful in

10 evaluating the nature of the well, such as whether the well
is likely to produce. One particular condition which is
breférably monitored is downhole pressure, measured over
periods of time during which the well is alternately
allowed to flow and prevented from flowing. This condition

15 is determined 5y ﬁeans of a drill stem test which can be
conducted utilizing the Boﬁrdoﬁ'tube'techniqne known in the

- art. With this techn;que a chart having a pressure versus
time graph scribed thereon can be obta;ned.

A shortcoming of the Bourdon tube technique is

20 that no real-time or substantially instantaneous read-out
of the sensed pressure is availéble at fhe surface while the
pressure is being detected. A real-time read-out is needed
to permit a person at the well site to know qﬁickly what
1s occurring downhole dur:ng the test periods. The shorf—

25 coming exists because to perform a drill stem test using
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into the well, the well is alternately allowed to flow and ptevented from :
fposM Nng to cause the Bourdon tube 5- instrunent to scribe a pressure versus:
ti\" graph on the chart, and then the tool is withdrawn fromthe well and
thé cthart anal yzed at sone relatively considerable tinme after the act uaf_d
measur enents.” W have now devi sed an apparatus whereby this 10 shortcom ng
of the Bourdon tube technique for detecting downhol e pressures can be N
overcone. In particular, the present invention provides a tool which sensess
downhol e pressure and can provide at t-he& surface a real-tinme or

-substantial ly instantaneous read-out of the sensed pressure 15

concomtantly with the detection of the pressure. O her downhol e conditions
~can al so betéEt Revedon ftuke ivrehniaud) td Gad sentadaisgnedmiwnant |y with

the} r det -ECﬁéﬁﬂbeapﬁﬁf'esﬁm da MYARE ) e (rji/QIs’oQle\ézl) n@L a%daoaegeal -tine

surface read-put, of t sense ssur and/ or t her, sen

condi ti ons) 1™ ﬂtt%ﬁnw%fgb %feec‘f%fﬁysdr %r(f?lqe;}yc&ﬂ'ﬁf’&‘ﬁdt %8 %EPP’ to achi eve

the flow ngaaddpnevestedi fomefladngidoessarse tthec Bodurdonatdbel | stem t ext .

Thi s feagur ey L6naHuadt 6980USi e 4uRe Vs d R nle! Rt
e 25 tool jtsel.

h bheengl | to be
controll&d through the operation of , ?’at her t han

0
t hrough songhakterdnf ther ddhe ferlasi s wdhdnawn faom sheevedd| ¢8dnhose use

_i's known i nthé@ecRift andliefsld 4é16sqiee I lat IWA icohsideradlllee timehout a
conventionagf SstEheV %%e Pl'aced |.n_a.downhole tubing in which the tool is

ual measurement . .
| ocat ed. By obvi ating e hecessity ot 30 usi ng a conventional tester valve-

in the tubing, the | Weithavd ndwe dewiserd dm@rranadius nieriebyptbdent

i nvent | pp CéﬂoP@c&rﬁﬂHéedf tﬁ?&%&l%ﬁ %Jﬂlﬁ_t@&ﬁﬁfﬁué rf\b%nfd&%ct&hgre I's
provi ded apﬁarat U]S. for sensing a.pressure in a well, 35 (iOITpI‘.I sing: a
housi ng i ncHAURRYLS RFSIFURLT I9ATY Rehaisgicongy 1In particular, the

present invention provides a tool which senses downhole
pressure and can provide at ﬁhe surface a'real;time or
-substantialiy instantaneous'réad—out of the sensed pressure
15 cdncomitantiy with the.detection of the pressuré. Other
downhole conditions can also be déteéted and communicated
to the surface conéomitantly with their detection.
' The present invention can not only provide a
real—time'sufface-read-out of the sensed pressure (and/or
20 other sensed conditiohs),.but can also electro-hydraulically
 control the well to achieve the flowing and non-flowing
periods necessary to conduct a drill stem text. This
feature is advantageous because'it'permits the flow of
the well to bé.controlled thréugh the ober&tion of the
25 tool itself, rather than through some éxtefnal-deviée such"
as a conventional tester valve whosé use is known in the
art. Indeed, the present ipvéntion is.usable without a
conventional tester valve piaced in a downhole tubing in
which the tool isllocated. By obviating the necessity of
30 using a convéﬂtional tester valve in the ﬁubing, the
-length of the tool string containing the pfesént invention
can be reduced.
' According to the present invention, there is
provided apparatus for sensing a"préssurélih'a well,

35 comprising: a housing including a driving fluid chamber, an



- accunul at or chagber sand havi ng val ve  neans di sposed therein, a first
openi ng defined therein for introducing a fluid fromthe well into
interior of said housing, a second opening defined therein for pass
flued fromthe interior 5 to the exterior of said housing, and a passageway
defined in the interior of said housing for connecting said first opening
w th said second opening, first conduit nmeans com nunicating with a first
portion of said valve neans, second conduit neans communicating with a _
second portion of said 10 val ve neans and 8htrd conduit means conmunicati ng

with said driving fluid chanber; valve drive neans, disposed in said
housi ng, for noving said val yve neans, between a cl osed ppsition wherein the
fluid in the 3&unylater, Gt PBH.‘- hesirggvat oo Reans disposstethsgeds sai d
second openi g fdnctan pknimpedefdaieti chenbain ef or thtfdduaing a fauwie from
allowed to flat AT S3le St n@RELAINEOs2R) hAREAI, W YUdMha SaI d val ve
- drive means including second valve nmeans for swicha _;'connunhcathg
ei ther said taRendngstefiinededhersinnfoni passing Fhridlifiradihe dngesiog
second congluite RN exWelriordio? 865U THouddnkal &id CdPHMY agtwasRide flilnleldd
condui t neans, man sai.d secon conguht neansfand said first condyit neans
with said acddifRe dHETHINBE: S84% RPSLRE LI SRPMRENDE S9HETSE t her
in said cl osepepisig wdrthosadsl deocped ppening); i sis tomsiwicn siea sreans,
di sposed in %ﬂn‘ié&%&%ﬁ“%éﬁo% %&g@c”go%{??o}?r&“%fd Zﬁa‘i‘}(} %lﬁ%n‘@’%'-'se*&%ﬁ when
said valve neans 1s I'ImMits closed poSition and en sald valve neans Is in .
its open posiqunsititameans commymiicakingswithsposeernd rentdanef f¢idnd
responsi Vi t Graldied m¥a@%S Wndt TRAFUANGoHRANE, nb s COCHMIN Lt it AvithdRalid
correspondi ng, t.0 .t he nj.tyde of the iensgd,gr essure to a 30 . locatian
spaced from & iﬁYﬁﬂﬁﬂgﬂ%} chamber; valve drive means, disposed in sai
housing, for moving said valve means between a closed

- position wherein the fluid in the well is prevented froh
- flowing from said first opening to said second opening and an
15 open position wherein the fluid in the weéll is allowed to
flow from said first opening to said second opening, said
valve drive means including second valve means for switchably
communicating either said third conduit means with said first
- conduit means and said second conduit means with said accumu-
20 lator chamber or said third conduit means with said second
conduit means and said first conduit means with said accumu-
lator chamber so that said valve mgans'is placed either in
said élosed position or said opén poéition; pressure sensing
means, disposed in said housing, for sensing the. pressure
25 in the well both when said valve means is in its closed
position and when said valve means is_in its open position;
and electronic means, disposed in said housiﬂg and responsive
to said pressure sensing.means, for communicating a Signal
corresponding to the magnitude of the sensed pressure to a
30 location spaced from said housing. |
The invention also includes apparatﬁs for sensing
pressure in a well, comprising: a housing having a first
opening defined therein.fof introducing a fluid from the
well into the interior of said housing, a second opening
35 defined therein for passing fluid from the interior to the



| nvent i
I Si ng:

T

on al so includes apparatus for éensing preésuﬁe in-a well,
a housing having a first opening defined therein for

dr

iqtroducing a fluid fromthe well into the interior of said housing, a . ; =
second-'openi ng 35 defined therein for passing fluid fromthe interior t o
the - .exterior of said housing, and a passageway defined in the interior

of said housing for connecting said first opening with said second opening, . .
sai d .housi ng including: a sealing nandrel having said first opening ol

ext endi ng |

ongitudinally 5 therethrough4 a | ocking el enent associated with

said sealing mandrel; a | ower housing having a first wall defining said

passageway
connecti ng
openi ng 10
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and havi ng said second openi ng defined therethrough;. neans for
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hol | ow pi st @efshidgbkuidi pREEEGEewly S@hd RASHRE W aubomi dpeadniy SO that

20 the hol

w_Qf sai iston i n pre . icati i th,said first
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second 25 channel can act; sealing neans associated mnth-%aid,piston

15
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upper housing, connected to said lower housing, having a
second wall defining a cavity comprising an accumulator
chamber and a driving fluid chamber, said second wall

having a first channel, é second channel and a third channel
defined therein, each of said first and second channels
communicating with said accumulator chamber,.and said third.
channel communicating with said driving fluid chamber; and
valve means_disposéd-in said housing including a hollow piston
siidably disposed in said paésageway and said cavity so that
the hollow of said piston is in pressure communication with
said first opening, said piston having a first surface against

which a fluid passing into said cavity from said first

- channel can act and further having a second surface against

25

30

35

which a fluid passing into said cavity'from said second
channel can act; sealing means associated with said piston
so that when said piston is in said closed position of said
valve means, said sealing means is disposed in said passage-
way to prevent fluid flow between said first and second
openings, and when said piston is in said open position of
said falve means, said sealing means is disposed in said
passageway to ailow fluid flow between said first and

second opénings; valve drive means disposed in ‘said housing,
for moving said valve means between a closed position wherein
the fluid in the well is prevented from flowing qum said
first opehing to said second opening and an opeh position

wherein the fluid in the well is allowed to flow from said



*so that when said piston is in said closed position of said val ve neans,
said sealing neans is disposed in said passage- way to prevent fluid fl
between said first and second openi ngs, and when said piston is in sai
opeﬁvposition of 30 said valve neans, said sealing nmeans is di sposed

sai d passageway to allow fluid fl ow between said first and second ope ;
val ve drive neans di sposed in said housing, for noving said val ve neans

between a cl osed position wherein the fluid in the well is prevented from
flowing fromsaid 35 first opening to saig second openi ng and an open _
position wherein the fluid in the well Ts*3ITowed to flow fromsaid - 4da

- first opening to said second opening, said valve drive neans including
second val ve gigaRs ;SW kghabb Iy il [sNQ eit her [ hi.rd channel
with said -,firgt?%ﬁgﬁﬁg:Egnggggiggsecoﬁﬁi%kgﬁheﬁaa?tHggggd%gégﬁnﬁFﬁPgr
chamber, or dBCtudingdsergnferatre means fon v tehablel camausiicdtingst
channel withedahérasatiduthisd ehanhel ,wsth tdilq sai d val ve' neans i s pl aced
either in said closed position 5 or said open pGSTtion, pressure sensin
means, disposed in said housing, for sensing the pressure in the well en
both said valve neans is in its closed position and when said val ve rngans
isin its open position; and electronic neans, disposed in said hgusing
and responsive to said pressure 10 sensing neans, for .communicati a
signal corresponding to the magnitude of the sensed pressure to | ocation
spaced from sai d housi ng. '




The invention further includes apparatus for sensing pressure-in a wellz S
conprising: a housing having 15 val ve neans di sposed therein and having a

firgt pening defined therein for introducing a fluid fromthe well into -
{erior of said housing, a second opening defined therein for passﬁﬂb
fromthe interior to the exterior of said housing, and a passageway
defrmed in the interior of said 20 housing for connecting said first o
opening with said second opening; said housing including a wall with an ~
interior surface defining side boundaries-ob a pressurizing fluid chanmber

for receiving a pressurizing fluid, of a driving fluid chanber for

receiving a driving fluid, and of an 25 accumnul ator chanber, said wall
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sai d val ve neaps_ oy m_sai.d val.ve.neans.t.0o_sa chanber; a
second accunitffGtIt* ?ﬁéﬂﬁﬁﬁ channgdq i rSFﬁd30°F8Pugﬁ§?Eh3B?§£ St cat i ng

the driving that dsdidwalaiel mesinse isepraced satleactnnakridoelesedbpesition
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driving f to sald val've nmeans_or communicatin ﬂr|V|n
fluid from sth Bahd harpima £ anSepsineoths aressvapvinnk ﬁs‘”% when gboth
first aCCUMﬁ&rvmrﬁﬁar@rﬂﬁJﬁde&&Sclosbhepdéh.’dh.ag ahmdhéﬁomsm d val ve

means to sald ccunul.at or_ cha r. and _a driving fl h . def |
therein for ¥ ﬁ%% |ngiﬁ?r%h|6¥ﬁﬂ'PPﬁ 1??0n1s%#d ﬁilggﬁ %?d%%ggﬁhnber
to either saﬁxsﬁosqd xnxﬁﬁﬂﬂaHQMSl@uanndlrsspgasdvs gecgaudapceaﬁmasor '

channel ; y yal ¥&n My Gnd 1S £H %Q,mqlbatiagdahgu a,cappegﬁ&aﬂnga«w val ve
means between a closed position wherein the flui g gvented
the magnitude of the sensed pressure to a catlon space

from said housing.
The invention further includes apparatus.for
sensing pressure in a well, com@rising: a housing having
15 valve means disposed therein and having a first opening
defined therein for introducing a fluid from the well into
the interior of said housing, a second opening defined therein
for passing fluid from the interior to the exterior of said
housing; and a passageway defined in the interior of said
20 housing for conhecting said first opening with said second
. opening; said housing including a wall with an interior
surface defining side boundaries of a pressurizing fluid
chamber for receiving a pressurizing fluid, of a driving
fluid chamber for receiving a driving fluid, and of an
25 accumulator chamber,'said wall including: a first accumu-
lator channel defined therein for switchably communicating
the driving fluid either from said driving'fluid chamber
to said valve means or from said valve means to said accumu-
lator chamber; a second accumulator channel defined therein
30 for switchably communicating the driving fluid from said
valve means to said accumulator chamber when said first
accumulator channel communicates the driving fluid from said
driving fluid chamber to said valve means or communicating
the driving fluid from said driving fluid chamber to said

35 valve means when said first accumulator channel communicates
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a _ . .
fromflowng fromsatd first opening to said second openi ng and an ope
~p0$|t|on wherein the fluid in the well is allowed 10 to flow from said
"Jirst opening to:said second opening, said valve drive neans incl udi ng
.secbﬂd val ve neans for switchably communicating either the driving fluid
channel with said first accumul ator channel and said second accunu- |ator
channel with said accumul ator chanber or the driving .15 fluid channel with
$ad d second accunul ator channel and said first accunul ator channel with

sai d accunul ator chanber, so that said valye neans is placed either in said

cl osed position or said open position, saﬁ% “val ve drive neans including an

accurul at or piston slidably di sposed between said pressurizing 20 fluid

chanber and gaLdadiiyha%eihih df&l(]@ Ya Al %%‘ag;@”to' %59& B*:FBRQlQ@ng

movabl e in response to pressure eren- tials betwe
recei vabl e bgh3®PErpr eandr# idriving Chdithahannels ded iaedy thgreini §ovhanber ;

atr:]curm: at or walnmenﬂeaasngoehévuxtwmg VE RGN EGlom G aS Al drhwhgpftaiar e
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mh th, either s % C nulator1 anneh sec '
accumul at or SRAMREF: 3r3§ ?ﬁﬂ] éﬁf AFEH A5 8L e PR S 21 8rh8ﬁ§ ng,,for
sensing ti§e peeeedrQC¢nmuhG¢0EH¢h¢nnéiwwuyakmy(ﬂnimevmeaaansdmspoaedts '

cl osed pOS'tthsﬂﬂd Wo&8isg!l Iyl é%fﬁﬁ”%%;&5¢dide QRS bREREEROR: 2and

el ectroni c neans, 30, di sposed in said usin responsi.ve to said
pressure sensiﬂgeﬁeaﬂglt’r%? whergin the rfgl%dsulghéahecmell spanaFRYerbetne

magni t ude of ft-bﬁ ﬁﬁaﬁﬁdgpfﬁﬁﬁwi&.d CF i S0 Gifn(dh g5 RAC 8@ ildr em:saadobeﬂsngg.
The |nvent|on hhg oh n§ ¥d S a reI|n sens ure in
I

a vell, the W }on'g'; o it spos ?r{er??rlé"ll% al;lgrtpﬁewfelhjggﬁg ?'ﬁﬁd
Iandlng epenggtflow ?rom said first opening to said second opening,

said valve drive means 1nc1ud1ng second valve means for
switchably communicating either the driving fluid channel
with said first accumulator channel and said second accumu-
lator channel with 'said accumulator chamber or the driving

15 fluid channel with said second accumulator channel and said
first accumulator channel with said accumulator chamber, so
that said valve means is placed either in said elesed position
or said open position, said valve drive means including an
accumulator piston SIidably'disposed between said pressurizing-

20 fluld chamber and said driving fluid chamber, sa1d accumu-
lator plston being movable 1n response to pressure dlfferen-
tials between the f1u1d recelvable by said pressurlng fluid
chamber and said driving fluid chamber; accumulator valve
means fOr'sQitehably.connecping séid high pressure channel

25 with either said flPSt accumulator channel to said second
accumulator channel; pressure sen51ng means, dlsposed in
'said housing, for sensing the pressure in the well both when
said valve means is in its closed p051t1on and when said
valve .means is in its open p051t10n, and . electronic means,

- 30 dlsposed in said housing and responsive to said pressure
sehSing'means, for communicating'a signal corresponding to
the magnitude of the sensed pressure to a locatlon spaced

" from sa1d housing.
The invention further includes a wireline tool

'35 for sensing pressure in a Well, the well having a tublng

disposed therein and the tubing having a landing element



| ocated therein, said tool conprising: "a tester section including: first
\\ctural means having a first end, a second end engageable with the
(N ng el enent, an exterior surface ext endi ng between sdid first and
xecond ends and an interior surface extendi ng between said first and secbﬁh
ends and defining a.hollow region between said first and second ends, said
structural neans al so having an opening defined therein between said A
interior surface and said exterior surface; retaining nmeans, associated 10
with said first structural neans, for-réreasably retaining sald second -end
i n engagenment with-the |anding el ement; and val ve neans for opening or
cl osing said openin an accunul at or section connected to said tester
section, saikP ?ﬁﬁﬁﬂé%@ﬂ%%“beé@ﬂéntPﬁélﬁﬂmﬁﬁlslagFlr§ttﬁﬁﬁ?rcﬁﬁ¢$ﬂ¢@ a 15
first cavityinclanfingl VE:.d@tV%tﬁ‘ﬁ%ﬂ&radl ﬁﬁﬁﬁﬁdhh’ﬂlﬁéh 8 ﬂf§£d&§a1ty, | f?r
actuating said valv ans;: au € tBeEHLO nnect to,_sai d accunul at or
~section, gsalsaecgoémuge sdeﬂé %ﬁeaﬁ’ ﬁg‘ %hg Eéegﬁﬂgmﬁifma’éf’rn?ﬂg a secdnd
cavity; pres%xﬂqerNHaunfawsans&edﬂspgsbdtwaesasdidefbndtcandtgecoﬂmr 20
sensing p %eﬁﬁﬂﬁ?ddh1QH3ﬂNﬁérmoraQQr% Eﬁteﬁkgﬁhﬁhga%eGQQgﬁcégid f?
€ si gnal

associ at with said second 1, for recelvin I'rst electric
and for condft? iSRFANGk emdss@ng defindneg a §ﬁ&F—°Fof‘§&¥-Env‘a?*ﬂée%FF|$/%;1<|"reans
and a cont rdhm:ctainm sryasmelcbadswsaaudsgaugeusemtinesnssaldo 2Rav L@t r ol

section includi Se sl tural - Seco ectrical gonnector
means, assocﬁﬁt %%gg seggﬁﬁe%PrUS?H?sp ﬁﬁéﬁsln#ﬁ?lgfe%Y? %%ﬁly
contactlng:ﬁndﬂﬂauﬁnemﬂe@@prl@arfecnmecretawaans Beahbat asbeciated
electricgl siidiflsdiy ¢ARdHCsedulRbedgNmaghd,f Ebt §i§9£5$ ¢l &0 %%FH%DWUH

means to said second el ectrical connector nans: 1 rst ectrl
means, di spFddd iSPCORd e@GhinoengaEEMEAt VENt Fhﬂs?ﬁ’?f‘%ﬂg ebement; i rst

el ectrical conhecilve means e bpeaingl 06t £l68ingi §884; opeRisgs ONgh
el ectrical

%dcﬂﬂulator section connected to sald tester sectlon, said

accumulator section including: a first wall deflnlng a

15 first cavity; and valve drife meané, disposed in said
first caﬁity, for ectuating said valve means;l a gauge
section connected to said accumulator section, said. gauge
section including: a second wall deflnlng a secdnd cavity;
pfessure sensing means, dlsposed in said second cavity, for

20 sensing pressure in the well; and first electrical .

" connector means, associated with said sedond'wall, for
receiving a first electrical signal and for conducting .
the first electricél signal to said valve drive means; and
a control section connected to said gauge section, sald

25 control section 1nclud1ng second structural means;
second electrlcal connector means, associated with said
second structural means, for electrically contactlng said
first electrical connector means so that the first electrical
signal is conductedzthrough said first electrical connector
30. means to said second electrical connector meang;- first
electrical circuit means, disposed_in said control section,
for tnansmitting to said first electrical connector means
the first electrical signal; and second electrical circuit
means, disposed in said control section, for receiving from

35 said pressure sensing means a second electrical signal



snmeans, disposed.in said control section, for receiving fromsaid pressé?é%)"
sensi ng neans a second el ectrical signal -8- representing the sense '
spressure. The apparatus of the present i nvention can be constructed so that
I't ‘can be easily maintained and so that it can be located in a plurality of
positions in 5 the tubing whereby areas in which debris accunul ates can be
avoi ded. The well unit is used with a surface unit. The surface unit is
ocated outside the well and includes neans for indicating the pressure
sensed by a pressure sensing 10 neans lacged in the well unit. The surface
unit also includes control neans for providing control signals to the well
unit. These neans of the surface unit are constructed and used as known in
the art. In neﬂnes@ﬁmdngrthersﬂnﬁednpnﬁﬁsdne .sore fully 15 understood, one

enbodi ment of appar at ug, g H, dghpse S¥es5id BJr els%tm&%éggggnggg goly with

reference to the accoqganylng raw ngs, 1A-1H form a
schematic papepsbrueted oval thate Vit i cmibeisasidy aaieteinart aBd £Re present

invention. Zfhat it can be Al&3i¥ed i ApIRIHAMLES rfabbsabluhsvuaf the first
and secong %ect |cag nne 2 Bans, shqwn e cu §Ec§n|s a
aoct] onal i EhF (SHERPEI N TTH S OO Ahide secople
FI GURE 4 is besavoided! V|eM/taken along line 4-4 shown in Flgure 1E.
FIGURE 5 is a sectionappyiga i akele 3 ONikdd Qﬁth a surface unit. The
surface unit is located outside the well and includes means
for indicating the pressure sensed by a pressure sensing
10 means located in the well unit. The surface unit also
includes control means for providing control signals to the
well unit. These means of the surface unit are constructed'
and used as known in the art. _

In order that the invention may be more fully

15 understood, one embodiment of apparatus will now be
described by way of example only with reference to the
" -accompanying drawings; wherein: -

FIGURES 1A-1H form a schematic partial sectional

elevational view of a well unit of the present invention.

20 FIGURE 2 is an enlarged partial view of the .
first and second electrical connector means shown in
Figure 1B, ' _

FIGURE 3 is a sectional view taken along line 3-3
shown in Figure 1E. _

25 FIGURE 4 is a sectional view taken along line
4- 4 shown in Figure 1E. _

FIGURE § is a sectional view taken along line

5-5 shown in Figure 1F. _
| FIGURE 6 is a segﬁional view taken along line
30 6-6 shown in Figure 1F.

FIGURE 7 is a planar representation of the
accumulator section body showing four channels disposed
therein. '

_ FIGURE 8 is a side view of J-slot element.
35 FIGURE 9 is a schematic illustration of the



shown in Figure 1F. FIGURE 7 is a planar representation of the

@shown in Figure 1F. FIGURE 6 is azsecti'o'nal vi ew t aken along line 30
nul ator section body showi ng four channels di sposed therein. FI GURE 8 -

is a side view of J-slot elenent. 35 FIGURE 9 is a schemati cNwf

illustration of the - 8a apparatus di sposed inawell. Referring to the
drawi ngs, a surface controller unit 2 and a well unit 4 are shown
schematically in Figure 9. The well unit 84 conprises a wireline tool for
being 5 lowered into a well 6 to receiVve®4nd nonitor the well pressure and
other well conditions, such as tenperature. The surface unit 2 is |ocated
out si de the rdeud s?ggeqpq_ uni t,ed 11 .ncl udes indication or read-out
means whi ch 1ndilcates t se_nseé1 pressure in response to 10 el ectrical
signal s correspondi ng Refanring &osivhe deavdagsy sheun€preupprtuolive
read-out neansitll Fst PIWBIS A O QIreC @Rdivhi BBRemALEBa IR SENBEEuFY the
well unit 4. The,{-seurfe e umttAZ'fur--ther i ncl udei,con ro{l_ Jreans for
provi di ng el 2tt rItAIYEoht VBt & GORPTISES,Fe MAFELERE §RPE AT (P2INE The
surface uji tlowérmedginetia wctwed 10f6 ¢loemercied vendnidnmenirbonethaswekl known in
the art.  TIerSHUAF S el Seldidondiled ofQNNBAERTaL O LiFedfbirdnl L 4 bY
means of a wreline 8 as illustrated in &9, e electrical signals -
transferred be- - The surface unit 2 is located outside the well

6. The surface unit z_includgs indication or read-out

means which indicates the sensed pressure in response to

10 electrical signals corrésponding to the_pfessure sensed
by the well unit 4. The read-out means also displays any
other conditions which are sensed by the well unit 4. The

surface unit 2 further includeés control

-~

o



x T

~tween the surface unit 2 and the well unit 4 are conducted over the
wireline 8 The preferred enbodi ment of the well unit 4 is iIIustrdﬁé&E)n

« FIGS. 1-8. FIGS.: 1A-1H show that the preferred enbodi ment well unit

i ndlyddes a housing having four sections. ,These four sec- 10 tions include a
control section 10.illustrated in FIGS.. FAZ1B. .a_gauge section 12 :

~illustrated in THRES. J:'?"B-p f&?‘%ﬁqaglcﬁfﬁﬂf%ﬁ‘orc Tt ¢ ?%ﬁg'h T P85 e in
FLGS. ICGIF, angd et Q. Sofel bereakl Lhiwdt {atRdstifudel&e elahddts ThRs
control section 10 illustrated in FIGS.' |1A-18 includes a 15 control
housi ng or struix ar adnneraas iGoRpeWrsitngtiearhe hefsmace mobodh iteet umit upper
control housing 18 and a coupling el enment 22 threadedly connected to the
upper control - hbisi REPAestadFa FRe Fioddeutide fi Bh ~e3ns Pied (HFarin ft 8
housing 18 has g iglLauld 0h ¥160" o) Ch@MedsBePReat Nk EfhaBECeilndBORAR LLLS!
el ectroni cg means ‘and second el ectronic neans. The Tirst electronic neans
contai ns el ect rivadn €né Gubtsced 0ALL CNEND i thel Wél) anbt Gnate cRhEGS§EAELEY t O
t he magni tude of the sensed pressure or other conditions to a |ocation
“spaced from thethgeWiretdne 8- particularly, this signal is comunicated to

e 2 e 0 U Rl leds Lo ARLE g 81 SV P3RaeEsq 1o

electronic.cirCUit . !rst ctroni c means i €X po t he
surface unit 2 gfes.siaal sreRplesiehed thile QRN 5L6E«:20d! | drib@@tment Qe ) I St

electronic neans is illustrated in FIG 1A by neans of a first printed

circuit board Zpigphrinsiudesiayhouaingcbatingt faur sections. These four sec-

o 10 ‘tions include a control section 10 illustrated in FIGS. la-18, a
gauge section lz.illustrétﬁd in PIGS. 1B-1C, an accumulator sec-
tion 14 illustrated in FIGS. 1C-1F, and a tester section 16
illustrated in FIGS. 1F-1H.

The control section 10 illusttitcd in F1GS.  lA-1B includes a

18 cént:ol housing or geructural_means_comptising in the preferrad
' embodiment an upper control housing 18 and a coupling element 22
threadedly connected to the upper concrol.housing 18 and the
gauge section 12,
- The upper control housing 18 has a hollow interior region in

20 : : .
: which are disposed first electronic means and second electronic

means. The first electronic means contains electrical circuits
for communicating a signal corresponding to the magnitude of the
sensed pressure or other conditions to a location spaced from the

well unit 4. Particularly, this signal is communicated to the
a5

-
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cuit board 24 has suitable electronic circuit elenments nounted thereon
- receiving electrical signals fromthe gauge section 12 over a suitaQLﬁ -
~ electrical conductor 26 passing through aocgnduct or channel disposed :
- through the coupli n%elo elign‘r!en‘t 22. The__'e? ctrical conductgr 26 terninates
at the end of theS¥oAptidy  ef ARENPSEACAPI S BaRGILUSI TRESS tifh BHeTEPEEai ned -
within the coupl gy epiledds B FRAMrH Aleliilkobding3u el AN, P! U
28 provides an el €ctrical connection with a nmating el enent (ndt shown) '
di sposed in the gsutFacsamiiicod tha. sidmalsr ceorhbedarnzethe shaskdeahdlivakl oni c
circuits of the first electronic neans al so include suitable sensor nmeans .
for sensing tenperat &r® HFgti HhectErMMPedds 1§ tustrafed: i®F Spack PYf A8 he
well unit a signal,representi th np. tuge.  The second el ectrani -
means i ncl udgs el 2T ?%:g '&"r"%dt °gféé$'t2€£%§n?§ ?8?"%‘?‘&?? r'fﬁ“‘éf‘é‘%:t"?i Y
control signals fxy16@nidtelrioi Gediibn U end luppde cdat bl nel£iiyN18. | thiehe
accunul ator section 14. In FIG 1A the second electronic neans is _
il lustrated as a SeasnerintedriFcuit faardpthhas suisable el petranic eirsuél in

the interior hollaw region o er,_control. housind.l8 The electrical
2S - circuits of‘%‘ﬁ'&“g%é'gﬁﬁi%# gﬁf%%fﬁ c° ‘a‘ﬁgg‘l"ﬁ‘a ﬁg%&%ﬁﬁ ’}ﬁﬁbﬁ/efhﬁ%ns .
and switching | odine GRE§S skOEidiONRl Bdri BUnELRBES WRBELY A SEabetbLl2gENt S
in the accunul ator section 14. This control is achieved by neans of

el ectrical signalpas3ing hschugh ad conductor cchannehidisposadc throughanke couphings a

wire 34, pas¥ ng througf} a second el ectrical condgct or - channel
element 22. The electrical conductor 2& terminates at the end of

@I ow interior region of the upper control housi ng 18. The first printed
A

the coupling element 22 at a banana plug 28 which is retained
within the coupling element 22 by means of an insulator 30. The
banana plug 28 provides an electrical connection with a mating

element (not shown) disposed in the gauge section 12. The pre-

13 ferred embodiment electronic circuits of the fi;st electronic
- means also include suitable sensor n;Ans.for sensing temﬁerature
and for communicating to a location spaced from the well unit a
signal representing the temperature.
20 . Tho second eiectronic means includes alectrical circuit ele-

merits for providing electrical control signals for controlling
subsequently described elements in the accumulator section l4.
In FIG. 1A the second electronic means is tllustrated as a second
printed circuit boarg 32 appropriately mounted in the interior

hollow region of the upper control housing 18. The electrical
23




*disposed in the.coupling elenment 22. The wre 34 term nates near the outer
periphery of the coupling 22 at an electrical connector neans 36. 10

x The el ectrical connector neans 36 electrically contacts another el ect
corneéct or neans 38 associated with the gauge section 12. This electri
contact is made so that an electrical signal can be conducted through the
connector neans 36 and 38 for transmission to a subsequently 15 descri bed
el,ement in the accunul ator section 14. As shown in Figure 2 the electrical

connect or ‘nmeans 36 of the preferred enbodlnent i ncl udes a resilient nenber
40 rel easabl'y di sposed in a groove | ocafedlon the outer peri phery. of the

- coupling el enent 22 .The resilient nenber 20 40 has an outer surface 42
facing the gauge l,e rs f?ﬂ“ﬁ 4, di sposed
al ong the out er sur acogqf%'% i%%ggfleg&h%gﬁ nfgﬁg%r%éé)lo 0 A‘ford’e erred '

enbodi nent | SSUPREY imeAns Andeswitchingr lpghg romrRcior seniezabbing secur ed

around the codid éﬂiﬂ!ﬁ‘ﬁmes%%l'&}édn@i@ﬁe35soinatﬁé)réé‘@lm MedtildH Ng
t he preferredlol*enb(k)lﬂ1 i frent tri cg conduct or ns 44. This

construction & &Y r(? 150ﬁﬁ5&?6? nRArReans 2f n‘? echrigal bsel%ﬁ y
I nter- chaﬁgeﬁ'amﬁeMa\rer ele2trichit aohdattyr |méans)) fach rgs as wisceknown

in the art thf &%a nﬁ c%'t'l"l %aﬁﬁcBﬁﬁ' éf@%ﬂcifrlrg?zli t‘[?&grlﬁ?arﬁ{elot her

pur poses. gauge section es a gauge
housi ng or b RS iin rt@eacmpﬂlns raoment ad2i nt e orintirddce 5 48

defining a cavéiwidmdtedineaesthe Butle ParipHéry Sofincied e€duplingl 220nduct or
channel 52 thr,ough ﬂneﬁ&a{‘ .an.el ectri conduc&g)r 54 extends fromthe

el ectrical cdhhé £alg cpgn §ﬁ§f’ﬁef" ans

10 The electrical connector means 36 electrically
contacts another eleetricél connector means 38 associated
with the gauge section 12. This electrical contact is made
so that an electrical signal can be conducted.through.the
connector means 36 and 38 for transmission to a subsequently

15 described element in the accumulator section. 14.

' As shown in Figure 2 the electrical connector means
36 of the preferred embodiment includes a resilient member
40 releasably disposed in e groove located on the outer |
periphery of the coupling element 22. The resilient member

20 40 has an outer surface 42 facing the gauge section 12. An
electrical eonductor means 44 is disposed along the outer
surface 42. The resilient member 40 of the preferred
embodiment is a 5111con rubber ‘exterior r1ng connector
releasably secured around the coupling element 22 by means

25 of a spring connector forming the preferred embodiment of
the electrical conductor means 44.. This construction of the

electrical connector means 36 permits it to be easily inter-

changed in a manner




H

I cal. connector neans 56 shown in FIG | C .The connector .means 56 of
ferred enbodi nent is a connector sold under 10 the trademark
3 . The wall 46 forns the gauge housi ng through which’a gauge test
pre&sslre channel 58 extends fromthe cavity” To a groove 60 | ocated al twe
the outer peri phewb&faat:m.q&w% hQUBL Fithg 106 haaRelinSthalase EaketfiSek0 a
port which is closed by a pllug 62 15 such as one sold under the trademark
[err] Plug. A pl agt€ihgDessy regbscenent OBur sainteaantdhor @urelr pudpesesct i ng u
the channel 58 as also shown In FIG 1C._ The cl osure provided by the plug
64 is made fluid-tigHs BM&HSFW'aHB‘O"Cr *hYy Bge pecShot 3 h‘@l’&“z‘tﬁfé“
el ectrical connec Jreans asso- PClLe h

gﬂ‘[" ogg $o-nrpnsm Ju QS Jn-xé dfheﬁgggf ?&“lqe :

includes a resili e pr err

interior conngct omardmnm& ansabley dospaﬁeﬁowﬂ an tnal eaiD460L O nc eDéctriio
wal |l 46. The resilient nenber 66 has an inner surface 68 which faces the
structural meansofat mnétmqrolchmli 53 thyoughewvhiek anoaperstrdcdd cpnductnriSthe

gauge body are conn cted ed al ong .t he i nner % face 68
of the resilient ﬁé g elcéﬁ%cralrlca%“%eﬁﬁaﬁc"f“%gr%aar?g %ﬁl chisin
contact with the Si@&éﬁihﬁﬁ'c&ﬁﬂé‘é&t ReadP 38SsdmOLn 1718, e1ECt Thé HonRedHBRCL OF
means 36 when the coupling 22 and. the gauge body are connected. As with the

el ectrical connecmunsrﬁ&nsf 3be ptafectet tembodinegdnim at coanegios RBAoanddre
preferred en‘zlr aodi nent ha Li con rubber menber as the resilient menber 66
which is retd%hed T‘ﬁ't’ 3‘0§?Wthe wal |l 46 so that it can be readily

i nterchanged iT~a rra%%ru&nrmkafom e Yals & houd by Qhes&% “Rlc QNEad"
.neans 38 receives the electrical signal transn1tted e electronic neans
on the printed cirast ipriessumke ¢Bannel S8 extends from the cavity S0 to a groove

60 located glong the outer p@riéheiy'ot the gauge housing. The

channel s8 éiso extends to a pott which is closed by a plug 62 |
18 such as on_§ Qold under the trademark lLee Plug. " A plug 64 provi-

des a closure to another port interseéting the chahnel S8 as élsq

shown in Pté.:lc. “The closure provided by the plug 64 is made

' £1uid—tight by means of an O-ring 6S.
As shown in FIG. 2 the electrical connector means 38 asso-

20 ciated with the gauge hoﬁhing includes a resiliant member 66

forming in the preferred embodiment an interior coanector .ring

releasably disponed in an interior groove of the uall 46. The

resilient member &6 has an inner surface 68 which Eacns the

structural means of the control section 10 when the coupling 22

2§ and the gauge body are connected. Disposed along the inner sur-




32 through the etectrical connector means 36 for conducting the electrical
signal to the accunul ator section 14 over the conduc- tor 54. F@ferringlﬁo
#1 GS. 1B and 1C, :disposed in the cavity 50 is a pressure sensing means ‘.?
for Ns¢nsing pressure in the well. The 15 pressure to be sensed is received” -
in the cavity 50 through the :channel 58. The pressure is received in the
cavity 50 both when the well unit is permttiygg fluid flow and when the

well unit is prev ' fluid £low. (1L e appar . after .the sub-
sequent descri pti (?EE%)?% it %hg‘cﬁér%)wét%gl?v%ﬁ%e?gﬁé? %rg(??fgén}ts‘.“; FIGUEHYF
preferred enbodi maghns M@ PKEMS ¥ 615 RBALAGE WEANIShE Zeliert2idAWeEiducRaE Kalatls
quartz pressure gauge known in the art. It is contenplated that the
pressure sensi ng 4#apt t@anelrctpicali geandsron meaamisi Jatvhem theycoerlihgcl? sedses
both pressure and tenperature thereby obviating the need for having a '
t enper at ure sensi ﬁ&‘g’éﬁﬁ 0ry are fOpetEedn (e YEBN TGl eLEF G FenaRstor

described her el nagugy sEhecty Qf giiAdat EALLIBN! ndlad 38 GECUTUALGL 2ROt ON

14 is illustmated in FIGS. 1CI The accu ator section I nc es an
accunul at or housi egboeginieotiyhasne| sidiiegn crubhet méhbiern \asngha raisil BamitOmentierf 66 ¢
76 defining side boundaries of a cavity which 5 includes three chanbers.

‘The three chanber ¥Rafh 13 FrRadsedin ﬁ@‘%lqrﬁf’ﬂ‘ Afatbevaid &80 Bradi $F Rpngbe
- pressurizing flui b ¥ ' ; - €] Via dr jvi ng

1? | uid and a% accugrrﬁ?gi:ﬂ{ %%{H(}%g%%ﬂrddégh?{ﬂéﬂ{.ﬁg(}# g#‘egr‘rié nehbgjc'fﬁ*?en % he
pressuri-zi ng fl ui dledrrteel cthnecnni Mesns)iIBr HFRIvad GhieSeldtdgi¢ADLEshL
"Nl TROGEN 10

transmitted by the electronic means on the printed circuit board
10 '

32 through the electrical connector means 36 for conducting the
electric;l signal to tyo'accumulator section 14 over the conduc-
tor 54. . |
Referring to FIGS. 1B and 1C, disposed in the cavity 50 is a
pressure sensing means 72 for sensing pressure in the well. The
18 pressure to de sensed is received in the cavity 50 through the
channel 58. The pressure_i; received in the cavity 50 both when
the wol} unit is permiteting tluyg'flow and when the well unit is
prevcnting fluid flow as will become apparent'a!icr the sub-
sequent desc:ipéidn of the accuﬁulator and tester sections. In
30 tho'prcfcrtcd embodiment the prissu:e sensing means 72 is a
‘Hewlett-Packard quartz pressure gauge known in the art. It is
contemplated that the pressure sensing means can be provided by a
combination device which senses both pressute and temperature |

. thereby obviating the need for having a temperature sensing means
25 _



CHAMBER' in FIGS. 1E-IF, land the driving fluid chanber 80 receives
raulic oil and is thus |abeled "HYDRAULIC O L CHAMBER' in FIG 1E. The
mul at or chanber of the preferred enbodi nent provides a | ew pressure, ; =
rvoir or accunul ator for hydraulic-oak.- Defined in the wall 74 of -
accunul ator section 14 are four channels ,as illustrated in FIG 7. One

channel is a tPFafedain Rhe gRaitsl $4THiAR| 1B A 233cRLbed Rersinakare: 74 for o
swi t chably com i ' wdf i VR0 £ | dtieda &t ; ing ng fluid
chanber 80 to theqﬁgeéﬁér&gé‘g?%é'g&ll%ngro? récg‘lr'n‘ta e&E}gé%JeJr ngeécltrai%ogi 16 20 to the
accunul'ator chppdsiratea ikheids.r s¢-Btcumie akosmaaannecdacBlomds ondluaas end

whi ch opens through the interior surface of the wall 74 via a port 86
spaced betweeAntdpsumBEARYT| BRHRLNGRMIROLY Jncinding £ vakl dfdaying an

accunul ator sectian_14. | 1,SE. ugis G Nas.,a second end -
whi ch opFns t APBHGR "t ﬁ"e"%gg e g)%%’é'rﬁlq-‘%r g}':sj"a'u"!r %g‘}:"gc{agf' Q?%\Lkla%%‘gg %%%eans of a

port 83 locat gfeliiedCerired EXdidedscNtmef tilee ey’ airer a SRaissarizliagand the
pressurizing fluid chanber 78. Another one of the channels is a second
accunul at or cHiwise champeselBntar Feceiyingad IPryssyriziag,flekdn sy JEBHAINI cat i ng

the driving fluid fromthe.tgster section, 16 1o e, ac | ator chanber 82
when the fi rs%fﬁaﬁéﬂ% Tor - HanheTe . "Eo?n%ﬁ‘l'ﬁna?[gg“?ﬁegwa\ﬂ Eﬁﬁ“%"!“?;?d from
the driving fiyi ¢neR8eP@2. SQd Qné 'rele8stdd eABSdimeR lé.eo?:mmm.@a_tl ng the
driving fluid fromthe driving fluid chanber 80 to the tester section 16

"~ when the firstluwick chasbek()78 ateveivéemmisrogdh andhsnihus dsbelnd ANITROGENS | ui d
fromthelOester section 16 to _the fCCUI’TL” ator_ chanber 32. The_ second

accunul at or CHAMBER® in FIGS. 1lE-1F, |Jand the driving fluid chamher 80
receives hydraulic oil and is thus labeled "HYDRAULIC OIL
CHAMBER" in FIG. 13.[ The accﬁﬁulator chambeé of the preferred
embodiment provides a low prcssu:c'rcsétvoi: or accumulator for

hydraulic oil.

19  Defined in the wall 74 of the accumulatOt:section-14 are four
channels as illustrated in FIG. 7. One channel is a first accu-
mulator channel 84 defined in the wall 74 for switchably com-
nunieaelng the driving fluid either gron the driving fluid '
chamber 80 to the taester section 16 or Era@ the tester section 16

20

to the accumulator chamber 82. The first accumulator channel 84
has a first end which opens through the interior surface of the
wall 74 via a port 86 spaced bgtween the accumulator chanmber éé
and a first end of the accumuiator section 14. The Eirsﬁ'accumu-

lator channel 84 has a second end which opens through the .
25




74 at a port 92 spaced between the accunul ator chanber 82 and the end" ™
~0f .the accumul ator section 14. In the pre- is ferred enbodi nent t ort 92
.is\spaced .farther fromthe first end thantgs-the port 86. The second
accunul ator. channel 90 opens through the exterior surface of the wall 74
at anot her port ®3RIPECHIT EBEE \Rfe e @ ldetoRY BMNS0PT théhe @dnbPeated section
14 .and the pressurjzin | .ui a L .78...Ihe 94 1S, e arther 20
TTomthe secondég{nic?%%fgt{?ggg‘gce&%u ate%‘re g%%’fl 6?1&_4t’f%§r?hi éﬂ&%’g g%lrt 8B. A
third one of thgredvarieisg iesuil @radtg78l Ui d channel 96 defined in the wall
74 for communicating driving fluid fromthe driving fluid chanber 80 to
either the first acearenose ehihacthapsels is 3 secogd ascurhlatosceisgnel
accurrul ator chappel 90.. In the preferred enbo- dinent the driving fluid is
" under rel agi vel ?gkﬁﬁﬁ“ﬁ?e‘é‘sﬁﬁ"e "'&ﬁh {ﬁufg'tWé‘Eh%eF%“?’%‘%“go"‘b'enom nat ed
a hi gh preSsureqgi\angelki1uidNerd) ARPHesl6r CRAToM 1624 | thal adiimubdedeOf
through the interior surface of the wall 74 at a port 98 spaced fromand in
bet ween 5 t he pchambegc82 wiied XheTibrathanrwiuldtonpbasnel 84 carvuniicated tiher eof

through the interjor syrfac of the wall 74 into-the drivi ng‘ fluid chanber
80 at another pBFIViRgo=tuddofrrm <bpARfyrns L1319 Shpaben 88,80 DRafeNeT102

which has a fir Rl PO BSnadulli OGR! 138t £ a0 fe & Il 74
at 10 a_port 102‘5&% ch 1s |ocat gg *%ngtnﬁur#%aﬁggrﬁ}% hgﬁe&ér o%ﬁ’eiwgo
: fluid chamber 80 to the tester section 16 when the first accumu-

*channel 90 opens at .a first end thfough the interior surface of; @II
%

10 _ . _ :
lator channel 84 communicates the driving fluid from the tester

section 16 to the accumulator chamber 82. ' The second accumulator
‘chanael 90 opens at a first end through the interior surface of.
the wall 74 at a port 92 spaced between the accumulator chamber
- 82 and the first end of the accumulator section l4. In the pre-
18 ferred embodinent the porﬁ 92 1s spaced farther from the first
':enﬁ thaid is the port 86. The second accumulator.channel §O opens
through the exterior surface of :he'wall.74 at another port 94
~ spaced between the second end of the accumulator section 14 and
the:pressutlzing-tlutd chamber 78. The port 94 is spaced farther
20 from the aoéond end of the accumulator section 14 than is the
port 88, - .
" A third one of the channels 1s a driving fluid channel 96
~ defined in the wall 74 for communicating driving fluid from the

dftvinq £lui@ chamber 80 to either the ficst accumulator channel -
2% - '




Qe gauge section 12. The test pressure channel 102 al-so apens through
tter| or surface of the wall 74 at a port 106 spaced fromthe second
emX(_df the accunul ator section 14 a distance greater than either of the .
di stances the port 88 or the 15 port 94 are spaced fromthe second end. Taé

port 106 opens into a centrally positioned cavity 108 extending into the
wall 74 fromthe second end of the accumml ¥ or section 14. The test

pressure channgs. ckOghé SsedBhd NRAunitdthe MlnheYHJ.0M 1€ AUNSUPEEREEED eiBbL
pressure fromthe tester section 16 to the. gauge section 12. 20 Each of the

four channel s d@imengnthe deteind flokd 181 é*F‘Lﬂfr selatively dab enesmuthiaadng or

ot herw se .fornm.n i K ves, extendi n rdly from
the exterior H?"%a(?g oﬁh‘ \ff'lva{\ﬁzgl F’?‘Q‘“cbir ég %k ’b’é\/eges(fr‘%‘f%? L'above

the initial greQyesanddides! sedscatial Inshereaat&-aasfse&ua@d @ {{Grio

count ersunk 25 -17- grooves by suitable neans, such as by meldlng Thi s

const ruct |son | suiJacasef zhedwall 74 G8 a3sdxt aﬁdistanedf&m s rimcbetwees _
schemati-2cally illustrated,in Fl 7. whereln the saolid |ines fining the -
channel s repre g‘bﬁt‘”fﬁ% B?oﬁﬁ? e?nr}sun'%  FBaet éﬁﬁ PeRp et 299 <fust rated in
FIGS. 3-6, thegddrdesle aﬁfauawlélt.%ameei..éaéé of.. BRe %@Q“ﬂt %@uneﬂ.at or
channel 90 and the test pressure chan- 102 are spaced from each ot her

by angl es of mungnmhycﬁmeraaﬂjaarmatmp(md % the outer peri phery
of the substan- tall | indrical accumnul ator bOdéﬂ‘ The driving fluid

channel 96 whi ch App °P?P‘H165‘ & tash Dressucs, shannel 102 ofhich Ast and

10 first end opening through the 1nter;or surface of the wall 74 at
10 a port 104 which is located in communicatioan with the groove 60
of the gaug§ section 12. The test pressure channel 102 also
opens through the iaterior surface ?t th§ wa;1_74 at a port 106
spaced from the sécond end of the accdmﬁlator section 14 a
dxstance greater than ex:hcr of thc d;stances the port 88 or the
13 po:t 94 are soaccd ttom the second end. ~ The po:t 106 opens into
a centrally positioned cavity 108 extending into the wall 74 from
the second ead of the ;ccumulator_sqq:ioh ;4. The test pressure
Channel 102 is defined in the wall 74 for communicating well
: pressure from the tester section 16 to the gauge section 12.
20 Each of the four channels is constructed in the preferred '
embodiment by machining or othervise forming in the wall 74 ini-
tial grooves extending inwardly from the exterior su:!;cc of the
wall 74. Countcrsunk groaves ari_tbrmcd above the initial

. grooves, and closure wall elements are secured in the couantersunx
28 _ " .
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second accunul at or .channel s by angl es of approximately [err]. To perm \
fluids to be introduced into the channels or drained fromthe channe zl
suitabl e ports and tlosure plugs are provided as shown.in FIGS. 3, 5\& A8
s A\{_gtal ning neans is illustrated in FIG 44 15 FIG "3 discloses a plug 110
whitth cl oses a drainage port extending fror?nthe accunul ator chamber 82.
The plug 110 hasgaevls r‘dz“ﬁui'{lab&i&ﬁ&'n@l eshchhgs ey b&héﬁag Pr|ik dédiBeduceion
fluid-tight seal: FIG di scloses a retaining pin 112 and a retaining pin
214 which are uskn iﬂ-bumaam i EXfar Arew =6F‘e¥h,mtf°‘111@h#memeaca\ncbymﬁzﬂo

t he accunul at or Noide,okle; S el ement 6 .defines |he boundary
bet ween t he acmﬁﬂ?ﬁ “(?ﬁﬁ?'&F %@nd t“ﬁ'@'ﬁ’r'? ‘Y]“‘I 13i thaet ‘i‘b‘é?’ 189. Mfhe
‘separator el enemha%&&pr:@uwﬁmatﬁd bl {d-q0AK Qqued@“aby diRAgs.0f the
Orlngs and back-up elenents illustrated in FIGS. 1D-1E. 25 - 18 - FIG

Sillustrates a pl ulsaildusteatiedyin \FAGAs skHb| thd LirsthdcoumuBatonhitBelised
for closindga mt extending fromthe exterior surface of the wall 74 to

the first accumfést She AISAPR acgymulatpr;chanpel, IGnaad$hp) RPLOPE 1AFEr S SSRRG| y
118 and the assq)ai6sl Q' toaked fidiPladSered \ﬂyngn.%leu' g appede@achiifraulic

oil, is introduced into the driving. fluid chanmber FIG "6 discloses a
plug and check \R0!ecamsaeahlispddél medr atheottdry pdPibhprp\stithg substasure to
a port communi cat.i ngbt he exterior surface of the wall 74 with the

pressurizing fl &iat pdrisat ageumuishas, Bedn-hi Tagdriving el charnnt

~fluid, such as rid Legampsm,bfn FHE0GRE 4 T leaPbEARRT Bl B
_chanber 10

second accumulator channels by angles of approximately 60°. To
o permit fluids to be introduced into the channcls or drained from
the channcls.'guitable ports and closure plugs are provided Qs
shown in PIGS. 3, S and 6. A retaining means is illustrated in
PIG. -4. o :
18 _
' PIG. 3 discloses a plug 110 which closes a dtaxnage port
cxtondlng from the accumulaeor chambc: 82. Thc plug 110 has an
'O-ring 111 associated therewith tor providing a fluzd-eight seal.____
FIG. 4 discloses a rctainxng pxn 112 and a retainxng pin 114
" which are used to tctain a separator element 116 in the cavity ot
0 the accumulator scction 14. The separator clement 116 defines
' the boundary between the accumulator chamber 82 and ;hi siving
fluid chamber 80. Tﬁo sipara:éé elenment ixs prov;aés a fluid
" tight boundary by mead§ of thclo-riﬁés and back-up_el;monts

“{1lustrated in FIGS. 1D-1E. .
25 - '
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- 78. The accunul ator section 14 also includes a valve drive neans for noving
a | ve means | ocated in the tester section 16. The 15 valve drive

i ncludes a floating accunul ator piston 122 slidably di sposed between-. .
t ressurizing fluid chanber 78 and the ¥ rving fluid chamber 80. In twe

preferred enbodi megig,t Bei1acstrdtedt 8 olkigS AR chddk dANECSsslehi®1 P QYA U an
bet ween these two chanbers. This boundary is novable in response to

pressure dif- BOrind al@nidedl Sobativsing ahpofd extiendiagefsombkhive xtehine \J
pressurizing fluid chanber 78 and the driying fluid chanber 80_ 1n the pre-
ferred enbodi mSHFE39R O5ctit IR LA d# BP STEnSAEAS ARTHINARECS, cEARRANR% ¢ itk 1 y

cylindrical bogy I Vit hiESel . iJpad b & e
substantially g%l wr“lgga%&bg%/ge%s‘ ?ﬁj%&gﬁ%ﬁt qué Z%Q t%{ggggéekgt;gﬁt r:et mai n
cavity of $he waht the Ayivimansludl, Osudhngs hydraulli oill2d salskdadakedipinto

el ements 130. The val ve drive neans al so includes an accunul ator val ve
means for swit &hadsivissBeie raeRer ®@%-ving fluid channel 96 with either

the first accunl gpos ghafuAchedid o0kt dd1Snd SHORN GAGHM ALEEy SPRNGRE 0. 11

the preferred enb € accu or valve .5 means I nctfudes a sol enoid

val ve 132 of aospidqihle gooRedimys asEmWurentd laGortl GeamshitPeidye enel enoi d
valve 132 is maintained in its position within the accunul ator section by
‘means of a shoextemigresuzfaseef the waid 4wty Shmespsairdeing 1838id The short

Short spachl Bt 3 amfFeo sRERRE A e nthitd g st Rty (he
gauge body andp§bfeqnGUsaH BeOintiadatdd 1AES tnQi PAébsufiSinigO Bthid dndtindene
short spacer sleeve 134 abuts a first end of :
N 78. : - .. :
The accumulator section 14 also includes a valve drive means
for moving a valve meaﬁs located in thnsﬁestcr section 16. The
15 valvc drive means includes a floating accumulatbf piston 122
slidably disposed bhetween the pressuziging fluid chamber 78 and
the driving £luid chambgt 80. ' In ﬁhq prg{e:rnd embodiment the
accumulator.pistou 122 dctines the ﬁoundary between these two
chambers. This boundary is movable in response to pressure dif-
20 ferentials between the fluids reccivablg by the pressurizing
£luid chamber 73 and the driving fluid qh;mﬁqr 80. In the.pre-
ferred embodiment the accumulator pisgon 122 includes a substan-
tially cylindrical body hiving cavities 124 and 126 dgfiﬁed
therein. The sﬁbstantially cylindr;c?l body is fluid-tightly
25 disposed in the“main caviﬁf of thc'qill 4 5j means of O-rings




t he sol enoid val ve 132. The | ong spacer sleeve 136 is positioned so
first end thereof abuts a second end of the solenoid 15 valve 132 g :
second end thereof abuts the end of the separator elenment 116 whi ch\de¥i nes:
an emd boundary of the accunul ator chanber 82. In the preferred enbodi nent
the solenoid valve 132 is a four- way, two-position valve having channels
138 and 140 as shown in 20 FIG 1D. Thesd&9channels are fluid-tightly seal ed
f\eom each ot hgrygh - -rwRgs and back-up elenments illustrated in
FIG 1D. The ¢ zasnﬁf'é{mb%gg ‘S%r%t}rgﬁ?%as{ éggét_ a first end with the port 36 of

the first accunul mervackhendrdveSdeanandlsdianebadichan ldddaoratarunanad es at a
first end with the port 92 of ‘the second accunula- 25 . -20- tor channel

90. Second end®e28f e SEhEMELY coPeshind Abe H5ivang t Has| Shacsnh&® @dth o

ei ther. the acc LatQr ¢h . 82.0r th ory 98 of the driving fluid
channel 96 by e#quﬁg tg’fe a‘%gggéf‘?“t“%gf?; sﬁ‘c‘)"\%ﬁf{ aal%sﬁf)s‘é‘ PRSI eaf%emus,léi)k%‘?\oi d
val ve 132 and grashél @oed hy thbepmifeetédrangbeindne twd Gecobmaazol eviivd coi |
associ ated with the sol enoid val ve. Wen the poppet is positioned one way,
it con- nects ®eR8spRAluges @ selrnaid €rlvecddmr iosuiIRARCIYP84 t&5 tshewport

98 of the drivin ui,d chanpel, 96 and at the .linme_caonnects .the port
92 of the sec&r?dgé%:%:'ur]fgl?ﬂr%r%c_}éenﬁg ew‘adtvmv?gv? f%gg %lﬁﬁ?%i;%egrlttﬁtatﬁber 82.
Wien the poppeosh €idiPwithQ Qe tactRmNshdidectith 2P A¥ARE 86 al SneQNNected to

t he accunul at or chanber 82, and the port 92 is connected to the port 98.

The sol enoi d \spReer IG2eive yFdcénd blyng mpmtrenciledve ol I6hat Thehshort spacer

sleeve 134 is retained by a spacer spring 137. A first end of
10 the short spacer sleeve 134 abuts the second end of the gauge
'bedy when the gauge body and the accumulator housing a;e joined.
A second.end.of the sho;t spacer sleeve 134 abuts a first end of
.thé solenoid valve 132.'.The long spacer sleevellas is positioned
o ' so that a fifst end thereof abuts a second end of the solenoid
s valve 132 and a second end thereof abuts the end of the separator
element 116 which defines an eﬁd bouﬁdary of the accumulator
chamber 82. .
In the preferreé embodiment the solenbid valve 132 is a four-
way, two-position valve having-ch;ﬂnels 138 and 140 as sbown in
20 FIG. 1D. These channels are.fluid-tighﬁly scaled from each other
by:méans of the Q-{;ngs and back-up elements illustrated in FIG.
'~ 1D. The channel 138 communicates at a first end with the port 86

df the Eirﬁﬁ accumuiator channel 84, and the channel 140 com-

municates at a first end with the port 92 of the second accumula-
25 ) . . Y N :



el ectrical power is off (i.e., no electromagnetic field is present) the
ahve 132 channels the pressurized driving fluid to 15 the tester section,
that the val ve neans disposed therein is closed. This provides '
safe feature to the present inven- tion in the event the control

al s fromthe surface unit 2 are not received by the.controller

el ectroni ¢ nmeans of the control section ng._SuCh signal |oss may occur if
the wireline 8 is cut 20 or otherw se damaged or if electrical power at t he
surface i s | ofdr cligndiesder seeskd @hdibof thlUsiHmnal HAUBI DG JUOULFIr al nmeans
having a first end, a second end engageable with a | anding el e- nent 142
shown i n Fl Gsatchablak cerpentedurd mishex tthedregp-ivde vrro §hamper 82 qx] thet he

first and second gpds, ,and; an.interiqr surf “ext endi_ng, bet ween the first
and second er?cfsfqaﬁg °3‘e ?ﬁidnrg&énﬁo ué\?v ?heaé‘l.’-'agcﬁset%%eﬂéer?"t‘h‘gffal Pg?p%hén%%cond
ends. The strdnpivHy adidpesas Nssde e 86141281 W wWdelinadat fyiRisndetpeen the
5 interior surface and the exterior surface. The preferred enbodi nent of
this structurtde sletkromagreticgfiell oF-a [$01Fheidicakt rAgsodiasiedt Vikp the

preferretl embodi nen the structural neans .includes a sealjng mandrel
144 havi ng an’°§5§§’rénd’§?§£,' e%gﬁdﬁhﬁgp? eg':l t‘_ud'l’onséltﬁ/" L%@F’%t"ﬁlyéu_ ﬁ.cg‘?ﬁe 10
seal i ng mandrnfletd4énddort e6 SECONY £ePgk Qlech®latbb Usdahnel d¥EaBSwas pbidi cat ed
by the reference numeral 148. The second end 148 is beveled and has O-rings

150 for flui @8 pGhthe debwiigndleih chbeahél @6rumtiag! tiiel sankcrinet comestgaged

wth the | anding el n r ni.pple 142 (ill I - | andin
th the la ql'.t-xegpc(:;"x:te r;l; <t>£ Othe sggon% accum latgrs tchggggl 88 \?it}? ghe gaccumula-

_ tor chamber 82. ﬁhen-the poppeé is p&gitioned-a second way; the
10 port 86 is connected to the acéumﬁlator chamber 52; and.the port
92 is connected to the port. 98. | -
The SOIenoid;VaiVe 132 is p:éfeg;blylcénstructéd so that when
elgctricai powér'is off (i;e.. no electromignétic field is
present) thé'v;lve 132 channeis the érgssurized'driviﬁg fluid to
18 the tester section 16 so that ﬁhé'valve means dxsposéd therein is
closed. This provides a fail safe féature to the present inven-
tion in the event the control si?nals from.the surface unit 2 ace
" not received by the controller electtonic'ﬁe;ns of the control
section ld. Such signal loss may oécur if.the wireline 3 is cut
20 or otherﬁise damaged or iE.electtical pover at.the surface is
lost. o |
The.tester'sect;on 16 includes a housing structural means

having a first end, a'§econd end engageabie with a landing ele~

ment 142 shown in FIG. 9, an exterior surface extending between
25 ' :
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15 nipple in Figure 1H). The landing nipple 142 is shown in Figure
i nclude lugs such as are identified by ref- erence nunerals 152 ang L
Associated with the sealing mandrel 144 is a | ocking el enent speci f\datl¥ " -
shotw‘as a J-slot elenent 156 20 for retaining the well unit 4 at its
proper downhol e position. The J-slot elenent 156 is rotatably nounted on
the sealing mandrel 144 so that the J-slot 156 is free to rotate upon
engagenent with the lugs 152 and 154 or other lugs located in the |anding

ni pple 142 -as the well unit tool 4 of the 25 present invention is | owered
into the well 6 and seated in the | anding Bipple 142. Upon suitable
engagenent as subsequently described, the J-slot elenent 156 | ocks into

pl ace to.prey t I essure fron1QFIo the econd end, 148 fogrcing the tooI
out of the la g"rﬁ gig sggond ends, andrap ?J“g?’é{'mél%"h’ééﬂcﬁbeé" Gendigee
particularly lzﬁmwren rtHe dlirest8 antheegsosdoendsecandt ddSinimg|laidasllsacuri ng

Teans O SeCHgh WEE S tei% k" ahi sUBbLAC ARl T CSHNSR AR i ot

si ngl e downwar d novenent an rst S|n% ward nbverent € Securi ng
nmeans adj acetean d5q haf A Orerdng de mq’ﬁetlseemm Retreats the shown in

-2t2) Fi gurilieI &r‘%ﬁeﬂ:ﬂfﬂ wilerfade lasid tae $§8ei\ggras=§@f:@%w | egahel : afera»edl

subst anti al | y, four-| egged. si,nuou ove efing n t he’ el ement
156. To guide ec{ll ugs (?%t %&‘gﬁg“ﬁfpbfse ﬁ?l‘f% Jf'h gyqs |‘é’§ 1%{38 t he
J-slot elenent 5 156 |rﬂhquﬁaawymgaednpan$iﬁ§4thenpreﬁergpdiémbuﬂ;muﬂﬂ shiot
and a second gyl |st]r5§:tur-gle n}@aa' |sS 111@§uﬁ@ ;6§e§ifn%qu&ir%p ]Itz{}fat arvqu dl ess

which wall is engaged by lug in andi ng ni ected
into the gr(KﬁREQﬁ ning 146 extendlng 1ong1tud1na11y therethroug The

sealing mandrel 144 has the second end of the structural
means as indicated by the reference numeral 148. The second
end 148 is beveled and has 0-rings 150 for fluid-tightly
sealing the sealing mandrel 144 when it is engaged with the
landingfelement or nipple 142 (illustrated as a landing

15 nipple in Figure 1H). The landing nipple 142 is shown in
Figure 1H to include lugs such as are identified by ref-
erence numerals 152 and 154. |

Associated with the sealing mandrel 144 is a
'locking element specifically shown as a J-slot element 156

20 for retaining the well unit 4 at its.proper downhole position.
The J-slot element 156 is rotatably mounted on the sealing
mandrel 144 so that the J-slot 156 is free to rotate upon
engagement with the lugs 152 and 154 or other lugs located
in the landing nipple 142 as the well unit tool 4 of the

25 present invention is lowered into the well 6 and seated in
the landing nipple 142. Upon suitable engagement as
subsequently described, the J-slot element 156 locks into
place to prevent pressure from below the second end 148
forcing the tool out of the ianding nipple.

30 The J-slot element 156 is more particularly shown
in Figure 8. The Jlslot element 156 includes securing
means for securing the well unit 4 in the well 6 in _
response to a first single downward movement and a first
single upward movement of the securing means adjacent.the

35 landing element 142. The securing means is shown in’



first leg 158. Specifically, the wall 166 adjoins a 10 wall formng the leg *
and the wall 168 includes a protruding portion for directing a |ug

ging the wall 168 into the first leg 158. The J-slot el enent 156 also > -

udes ‘rel easing neans for releasing the wall unit 4 from securement N

tHe 15 well in response to a second single downward novenent and a second
singl e upward novement of the rel easi ng neans adjacent the landing el enent .
142. The releasing nmeans is particularly illustrated in Figure 8 to includeyw

“athird leg 170 and a fourth leg 172 of- t22e -si nuous groove 162. The 20
fourth leg 172 exits into a guide el enent sinilar to the guide neans 164
but circunferentially spaced around he -enber 156 therefront I n

“addition to Rhgrrgy & &9 rﬁfL“a]r“‘biuadeflétﬁcéGgf r1§§1 gRd guFaeondgslegntofenber
156 i ncl udesoft segﬁwlca gﬁ&waeggradl erinheutshgrgboeveé16&ebﬂﬁe&paced

t heref rom ar pun rcunf ere
struct ural n%%mgh tﬁfctieott &% eé'fe'%egltﬁ%on ?’2’ 5[“2% ﬁéf’uaegs °T'o'\c7@? tester
~housing 174 hawdx@genprlejiﬁtqmtﬂeaﬁln&ﬁtéﬁgoﬂsgurthéaéesuet|qlqgeat

passagevay. ke ¢ 56 vainddd Alaw el don Es%éeahgoug?lt-ge ghpieqsytioned

openi ng xt ends between t |nter|or an EX erior _surfaces of the
tester secti¥mds?rergendival 1! ansT e T‘l‘l‘llé-soﬂé Agdi 6Bqanei feemednsel G
1G by the reémerwegmumégé wh/ih malprl@‘ ehgagedrbgdtHENLugNLhutike f our

such openi ng OXI t £har f nd.o of the
openings is ? é%ﬁﬁf 1%? qdé% herfg%ggeﬁgg nﬁﬁergfgggg gﬁ'h{.‘eﬁ%eallng
mandrel 144 ﬁhﬂsthbegcﬁﬁﬁ tuﬁ2§4ﬂfxpkdlahetbenwals 16fcadading suitable

connecti p§ NRRDF A§n S L1 tége NN A6 wWa1ihes8eahtDgaggndrel 144 is
in fluid comunj.catjon with t
protruding portlon for directing a lug engaglng the wall

168 into the first leg '158. _ _
The J-slot element 156 also includes releasing

‘means for releasing the wall unit 4 from securement in the
15 well in response to a second single downwérd movement and

a'second single upward movement of the reiéesing means

adjadeﬁt ﬁhe landing element 142. The reléasing means is

particularly illustrated in Figure 8 to include 5 third leg

170 and a fourth leg 172 of the sinuous groove 162. The
20 fourth leg 172 exits into a guide element similar to the

guide means 164 but circumferentially spaced around




‘* passageway in the | ower housing 174. The structural neans of the teste
section 16 al so includes an upper tester housing 182 which is threadg
connected to the 20 |ower tester housing 174. The upper tester hq

=182 jncludes a wall 184 defining a cavity 186 which communicates wit
first channel 188 and a second channel 190 defined in the wall 184.
first channel 188 provides a first tester2%rannel which comunicates with
-the first accumghgtmpebaryicknédeerdiii S raOMIART0on (HIRMERIG QNeRATWE SpdieOugh
= port 192, shown in FIG 1F disposed in the interior surface of the upper
tester housi ng s3fced Ifrom-theagaiy W64 h thiecmerber BH. iftlmiesamraskodB8 has a

d end - ciat th 19 t th th t
To6, 240 ThatOHmEFONS SBriReCE Shecatana LELERF TRARRIRAFER com

muni cates WLt h tRg,secREd ACtHEALe o £ AR NRInLEP 2%, Means of. a port 196
di sposed in the interior surface of the upper tester housing |la2 so that
the port 198 commn‘ﬂmtsesudﬂ:’rhl tdeanport tBd wisteheseseiomdbaglsanihcluwdes a

channel 90. The channel 190 s a_second port 198 as Qci at therewith for
communi cating t HE¥ehAAIEeT J‘."QH’ g ﬁ’?ﬁ@‘"&&?li)}"‘lbﬁ”&f %‘ﬁpﬁhﬁ" TheK SURG 182.

- The cavity 186 @f. dfalheDQYST e 13312 %i“h?”ﬂ{i; Lgs with the
test pressure c%arﬁgﬁqgg’% ?ﬁe Ei’cc | at or gecﬁ%gﬁg e tester
section 16 al so thaziud-eagwaﬂhieazmmanimngesoenm twhiigh fdxtiands metirgenehe
entering the well unit 4 through the opening 146 to flow froma central

voi d region pro#&%ﬂ%y%é‘ﬁ&%&ﬂfgewq% efiEhpotnateroinstion srauetunaje

e P omy 387 Satha! "ol Ypuhl? 0" LIRASPE AOr 18 ey B BRI 1

numeral 173._ The preferred embodiment includes four such
69enings spaced ;gproximately.SO' apart; a part of a second one
"of the openiggs is identified in FIG. 1G by the reference gumeral
179. _Thc sealing mandrel 144 and the lqwcr housing 174 are con-
15 nected by suitable connecting means 180 so that the opening 14§
in thc sealing mandrel 144 is in fluid communicatxon with the
passageway in the lower housing 174.
The st:uctnral means of the tester section 16 also includes
‘an upper tester housing 182 which is threadedly coanected to the
20 lower testef'houilng 174. The upger tester housing 132 includes
a w111.134 defining a cavity 186 which communicates with a first
channel 188 and a second channel ;90 defined in the wall 184.
Tho fiist channel 138 provi&es a first testar channel which
communicates with the first accumulator channel 84. This cdm-
2s nunicaiiah occurs.thzouqh a port 192, shown in fIG. 1? disposed
in the 1ne¢rio£ surface of the upper tsster housing 182, inter-
facing with the port 88. The channel 188 has a second end asso-

ciated with a port 194 which communicates with the cavity 186.

o s emmn e e —i—— .




gF¢nce nuneral 200 and is noved along the interior surface of the tester
My adj acent the opening 178 in r'espogie to hydraulic control pressuwe”

provided by the valve 20 drive means di sp6Sed in the accunul ator section 14
in response to cont *BE Fegaal &0 prRtides chferatd desten shamre\wbirmeosont rol | .
signals are received the, val ve drive means. the valve.drive neans Ny
posi tions the: va‘!‘wcﬁgéﬁg ‘gboaleosﬁ?%“\fleﬁfc'ﬂ? af’?ﬁi"ga??"d‘mg?l%ﬁrﬁﬁni ofigh the
opening 178 to thsreeXd61diQkboddd iaCendfink &P ogosurfare-of2ka Rk tdiRr '
position of the valve nmeans 200 shown in Figure 1Gis a closed position
wher ei n-the fl uikbusiaghle32neb|thas phe\rent ckP6f comunlicatesgwithothehgomyp8iialy
146 to the opening 178. In response to hydraulic pressure fromthe 5
accunul at or, sect ¥ 389904 Bgc l\?é°ﬁ§é‘ﬁ§“é’0@°0aﬁmﬁe°‘i‘ﬂﬂi‘éa LR asesrthed
in Figure 15 t0 AkeORSH d28:141RR WNEeRLEN L3R EddhudlitdtihBCE chahderal s@Ved
to flow fromthe opening 146 to and through the opening 178 to the
exterior of the witin theidavdty TU86sof tthe vpgerchowsing A%kns or cl oses the 10

passageway between the first o ening 146 and the second opening 178. The
val ve means 200 i ncFABRaVALAATSORF et BPPery sestas: heyiagl 18 R3HM $9%~Fi gur e

10,25 2, Joun SRyl o, L G Log Bl pnesadtr

~housing 182 so téwitibherdiol l.ow of the piston 202 is in pressure

10 The tester section 16 also includes valve means for per-

~ mitting fluid in the well enteting_theﬂuell unit 4“tﬁfough th;
opening:146 to flow from a central void region provided by the
passageway in the ;okér housing 174 to the exterior surface of

the tool tbrough the openinq 178 dr':br prevcnting the fluid from

19 flowing from the central void region €o'tﬁe exterior surface of
the tool through the opening 178. The valve mnans';i identified
in' FIG. 1G by the reference humeral 200 and is moved aloﬁg the

" interior surface of the tester housing adjacent the opening 178
in response to hydraulic control pressure provided by the valve
drive means disposed in the accumulator section 14 in fespcnsc to
contro; signals from the cont;&l section 10; .Hhen no control
'oigna#g are reégived byhthé valve drive'mééns. tﬁo valve drive

. means positions the Qalvc means 200 id §teven; the fluid from

flowing through the ogening 178 to the exterior_surfaco of the
23 C
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comuni cati on wi-th the opening 146. The piston. 202 includes a first
surface 204 against which a fluid passing into the cavity 186 fromthe
Jfirst tester channel "188 can act. The 20 pi ston 202 includes a second
surace 206 against which a fluid passing into the cavity 186 fromthg
‘second tester channel 190 can act. Wen the fluid acts on the first su
204, it tends to nove the pistion 202 in a first direction toward the
closed position. VWen the fluid acts 25 on the second surface 206 it tends
to nove the piston 202 in a second direction toward the open position. The
surface 204 and the surface 206 are fluid- %5ghtly separated from each ot-her
by O-ring seals 210 and back- up el ements 212. Wen the valve neans 200 is
in its closed,Besi t&gg pBQEt{'S’ ?Qtn?é Jihﬁ] Udarfetd dos s‘ﬁ%%J sgned adj acent
- the connector means 0" 1n suc manner at pressure entering fromthe
wel | throughFigurepadfi 4§ &461m%e30%a=mm wherdigadhst flwd dodig thegwehio

t he channel Zgoprbk}BnﬁBanﬂﬁbmzﬁﬂawﬂf? # ¥in hﬂié Qg A 60fc ot RAepi St On 202.

This permts ressurs Eron}t e 35 I e & comuni cated tq the cavity

186 Dhe 't eoPPRRsBg, 128" b ofe ot to du'draid Mhrsauss 200 ABeca: ty

50 for deﬁecaponmbyathe pectiom el $enshagvalbansnedhs 2 0the agabge mogetdi on 12.

Thi s pressur gpGaRHURLCRLLARA Ok UF Palthd hlér\:e(i @4 o%éwm&f}%a UhElrelf £hes
sea 214 a

.cl osed p05|t|on or .1ts_open_position. el enent's 216
are provi ded fh8idedn BBetwel hRlkred 2. Slan g e e lS’eP&“t’-I‘P@ déPuteure
of the preferahadtaﬂbﬁdhnené Opeheg PI ES &Y ﬂHB/Q#’iiﬁe'rrLorl tof the well the wel |
6 wll be descr%bgd ] u égrenc initially to FuguH%l%s;g%é n Figure 9
the surface UMT 2°i s Epo Tcﬂfﬁ?? s or cos

10 passageway between the first opening 146 and the second

opening 178.

- The valve means 200 includes a hollow piston 202
specifically shown in Figure 1G as a double-acting hydraulic
:cylinder which is slidably disposed in the passageway of

15 the lower housing 174 and in the cavity of the ﬁpper housing
182 so that the hollow of the piston 202 is in pressure
communication with the opehing 146. The piston - 202 includes
a first surface 204 against wﬁich'a fluid pass;ng into the
cavity 186 from the first tester channel 188 can act. The

20 piston'202 includes a second surface 206 against which
a fluid passing into the cavity 186 from the second tester
channel 190 can act. When the fluid acts on the first
surface 204, it tends to move the pistfion 202 in a first
direction toward the closed position.” When the fluid acts

25 on the secohd surface 206 it tends to move the piston 202
in a second direction toward the open position. The surface -

+ 204 and the surface 206 are fluid-tightly separated from
each other by 0-ring seals 210 and back-up elements 212.
When the valve means 200 is in its closed position, the head

30 of the bolt 218 is positioned adjacent the connector means
180 in such a manner that pressure entering from the well
through the opening 146 passes around the head of the bolt
218 into the channel 220, the channel 222, and the hollow
portion of the piston 202. This permits pressure from the

35 well to be communicated to the cavity 186, the test pressure



and the well unit 4 is disposed in the well 6. The well 'unit-4 is | owered
i position within a tubing string 224 which is set in the well 6 and_ ..
inch is located the landing nipple 142. In the preferred-enbodi nent the -
tu 15 224 includes the structure identified in Figures 1A-1H In hd
particular, this structure includes an upper case 226, a | ower case 228, a
crossover case 230, a support 232 (having a w per insert 234) retained -
bet ween the | ower case 228 and the crossover case 230, and the | andi ng !
ni ppl e 142. As 20 shown in Figure 9, ass@éiated with the tubing 224 is a
testing packer 231 and a conventional tester valve 233 as known in the art.
Al t hough the -27- preferred enbodi nent is shown in use with a

convent i onalcheanedr 192,y #hej chagnedn58nmpndt thet pavitheSHrier et entainr on

can be used by tﬂh@UtprUé%u%n‘séﬂsh.ﬂgahebﬁgt et yal use2§§u§@r§v@&éf6htpzthe

-.cont r ol sec Qn of the well unit i.S .an act uat or. sub- assenbl 236 of a

type known im-th@T&SEYEr CPEH“BHELﬁGtI"HE %FFrﬁnY{'t]?O%lPelYlanY'l% WhF %24 and
permtting l;l-pl/\l&rldthaﬂl‘d id¢swelasednpesibhibnobrt itst opén pospitietr eds esdrddi ment

of the act UBligr JubnaeRel L12RAnkaChH8, N0k} 208! Mt‘{,@%t?%’@ﬂ Lo
coupl i ng ‘connect e usi ng which s conhec to a l-atch case.

Di sposed wi t3fidh wedd Igléch case is a wiper insert. Also in 10 the latch case
}s a latch rﬁt ai ner amvhagcheszbebsubtassgebhataﬁé &f Séné émsr@d thor
or noving tJ

ted,t th
ini ¢4 can SERGSRRErSneE HhPUREPEeRRotavERELPRL LFS  AFT TP e
changi ng t hé wddd- bei describked Watli ngfergpte idftidhly perPdgwrd I‘Fb. vveI I

unit 4 t,¢ 134 Figure 9 the surface unit 2 is disposed outside the well,
and the well unit 4 is disposed in the well 6. The well

~—

unit 4 is lowered 1nto a p051t10n within a tublng string 224
which 1s set in the well 6 and in whlch 1s located the
landlng n;pple 142. In the preferred embodlment the tubing
15 2i4 includes the structure idehtified in Figures 1A-1H.
In partlcular, this structure includes an upper case 226,
a lower case 228, a crossover case 230, a support 232 (hav1ng
a w1per insert 234) retalned between the lower case 228 and
the grbsssver case 230, and the landing nipple 142. As
20 shown in Figure 9, associated with'the_tubing 224 is a

testing packer 231 and a conventional tester valve 233 as
known in the art. Although the




*be | ocated at pl.aces where there is little or no debris buildup which can
occur during flow of the well. Additionally, the well unit 4 can be | ocated
.either above or bel ow the surface of a water cushion as known in th re. A0
Priqgr to positioning the welll .unit 4 in the well 6, the tool 20 j
initialized. Initialization occurs by first pressurizing the acc

section 14 through the introduction of nitrogen or other suitable

pressuri zing substance into the pressurizing fluid chanber 78 via the port
shown in FIG 6 having the assenbly 120 %fssoci ated therewith. This
pressurization forces dtlhebf oatitng3 2P own inl8:eaGcynul ator piston 122 toward
the separator EFSABH®Y TBPOCACRS T80T AR PEh “GF 1 hECETsRIaPR L Gessr

conpl eted, the qhyg, ofe ihecrrassDlideal 2Rad Snkepleaaerd AV 8Ll ie OLda OF

ot her suitable substance is introduced-into the driving fluid chanber- 80
through 5 - thdthout tihvettonvenchondle tassanivhyvel 2P 3.s associ ated as shown in °

. FIG 5. Introduci ngi%%trtggl ic oil into the chanber 80 forces the

accunul at of pi ston rﬁléhémﬁf“r’f’brﬁﬁcﬁ&%é’ﬁaﬁi _cB’FI‘bI‘ﬁﬁ'énf if18°  \Wen
the accumul at of, RS skid2addatnbPessePs BNE eivke POBn i NEhRY 5P ERCSIRPS, |
the oil figlling process is stopped and the 10 plug of the assenbly I18 is
repl aced. - Wt khieheeMeluhitinidoldis e pultioguRl4 and pdrmiatisdge ubwawd @ddi nt o
the tubing 224 in the well 6 as_known in the art. The well unit_4.is

el ectrically cOfHBYARY TP Sor e &o%hi ¢ A2PERFeRESHSmBPAMBL RS EFPne 8.
Prior to |owering,ldise Webladbihbif 398 PndfiRel VRl NHeeiin 1 [\ﬁglﬁ%?del%%ker 231

and the conditional tester valve 233 have been run into ile the

~tester valve 2%bupBfnd)@6hnédtRacto Ahohftng\hichHiNist cohniestédiRol t1ackhe hol e
of well 6. the valve neans 200 _
case. Disposed within the latch case is a wiper insert. Also in

or

10 -
. the latch case is a latch retainer and latch. The sub-assenbly

236 also includes a motor for moving the well unit 4 up and down.

It is to be noted that the well unit 4 can be positioned
anywhere aﬁove the t;ster_valve 233 by merely changing the loca-
| tion of the landing nipple 142. This permits the well unit 4 to
13 be located at places where there.is little or no debris buildup

which can occur during flow'di the well. Additionally, the well
qniﬁ 4_can.be iocated either above or below the surface of a
water cushion as knqwn in the art.

- Prior to positioning the well unit 4 in the well 6, the tool
20 .ié initialized. Initialization occurs ﬁy first pressurizing the
accunulator section 14 through the introduction of nitrogen or'
other suitable pressurizing substance intoc the pressurizing fluid

chamber 78 via the port shown in FIG. 6 having the assembly 120

associated therewith. This pressurization forces the floating
25 '



Is maintained in its open position. Wen the well unit 4 reaches the y
ndi ng nipple 142, the notor in the actuator sub-assenbly is 20 act uat ed
continue lowering the well unit 4 so that the sealing'mandrel 144 is R
rted into the | anding nipple 142. This down- ward novenent causes a '
he [anding nipple to enter the first leg 158 of the J-slot 156 shown in
FIG 8 and to nove therein until it engages stop neans provided by the wall
of “the 25 J-slot groove connecting tR8 +egs 158 and 160. The notor is g/

then  -29- pev@il8dodisths MR Lowktal cde iseoRiddo2de il it Lhe, 1ug
enters the second Ieg°160 sof- t he J?.sl ot taend F?D%_/qes?%t ﬁie%lgﬁg %Jir?I I "?%e'l ug

engages anot hpressugpzasimnscfrthe dbantiey T8cswathpleked hahd- sl ofr aqve
connecting the le 1 1g?(1)oand 170. At this position the well unit 4 is inits
| ocked positibﬁ?“%b\h tieT tRAce R Bydaulicqld P QEBET pYEtaPYh, the

cconven- tionakuiasher ¥RliKerddielsifRERAL IY1ARIALA NRCORCBIdULIGN! NC

remai nder of the drill stemtest.  Wth the conventio ester-valve 233
open, theé wel thepiortiwithanBieh thel efderblyl118i {4 Alsod Rte@S ishBan tHe Wel |
pressure to the syurface unit 2 con- 10 conmitantly with the sensing of the
pressure. TheFt%i Piral IHFosucing hydgauldeiail oty theschamber 0 doecdd aheng -
period becausg : S 2400, i pen:.as_neniioned herei pabove. After
a predet er ni ne%é'{a‘:ar%%%%iio &gﬁzéng?/m"%ivg The g’f‘f"‘, "#ﬁe‘?ﬁf?@‘nﬁaﬁ&eﬂz‘oo i s '

cl osed therebyiel owhég the AéumtthtoraRds Q5 qhﬁtﬂalggbggne%wé&%'s L4¢ t he wel |
to build up and to be nonitored and indicated at the Surfacé.” Such surface

i ndi cati on i stinpednbyctihiesecstepsacthe baht £il 1ing [probessddsniiipged csrid RPeOf t he
pressureloAft

p'uéa%?ttﬁﬁ agggﬁgik 118 is replaced. With the well unit 4 thds
pressurized, it can be idwered into the tubing ;24 in the well 6
as known in the art. The well unit 4 is electricaily connected
to the surface unit 2 by means of the wireline 8. _
Prior to lowering the well unit 4 into the tubing 224, the
15  packer 231 and the conditional tester valve 233 have been run
into the hole while the tester valve 234 has been closed. As the
well unit 4 is run into the hole of well 6, the valve means 200
is maintained in its open position;-IWhen'the wéll unit 4 reaches
the landing nipple 142, the motor in the actuaﬁor sub-assembly is
20 actuated to continue 1oweringfthe well unit 4 so that the sealing.
mandrel 144 is inserted into the 1anding'nipple 142. This down-
~ward movement causes a lug of'tﬁé lahding_nipple ﬁo enter’ the
first leg 158 of the J-slot 156 shown in FIG. B and to move
therein until it engages stop means prcvidéd by the wall of the

25 J-slot groove cdnnectiné the legs 158 and 150. The motor is then



“termined time period, the valve means 200 is again opened and cl ose e or
two nore tines as is usual and known in the art for 20 conducting d o
stemtests. Tepperature readi ngs or other downhol e condition readings can i/

" be_optai ned and conconmitantly transferred to and displayed at the surface,
too. After a test has been conducted, the conventional tester valve 233 is
closed. The nmotor in the actuator sub-assenbly is 25 operated to nove
:the well unit 4 down so that the lug enters the third leg 170 of the J-slot
“qroove, and then the nmotor, is reversedt8%rove the well unit 4 up whereby
the | ug entersreversedustd thegvell2umird dexstmuitke b Shothagr abeclughenedns
unl ocking the well unit 4 and permitting it to be retrieved fromthe well 6

as known in th&hergecepd gipdt h8Q af shey JdégET'i“p"fii BOVES theeeigpunatl Sheo¥sx he

~present inventjg ge\%e%fa%ggaé% nbdY -.-:EQ@#'&&SEﬁ:t&e%ip%flghé’%ﬁ-%%ﬁf‘s to

fl ow and cl ose the uritig the drilT stemtest period.

accumul at or segrbdre ténmEzeling cchet DegailEbyamnd 76w taehthisdipasi tionl @heressure
to operate the valve neans 200 of the tester section 16. Wth reference to
FI GS. 1D 1G an¥e¥! tdtchdsat® dtsolothrd #2344 °Reans 200 wil | be descri bed.

When no ePectricalpsihonal whsy qﬁgg (a4 Eﬁ %*ZQ%%F)X,?L%%%H}?ZJJ 0T (NI

control section 16nbver he conduct or e solenoid-val ve
132 is posi- leidddiNedsteér vinie 2BE jWiobedd Qhdt MsinthiNéd @pkh LdutiahatHee! 96

is connected to the port 86 of the first accunul ator channel B4 to provide
a path al ong wheesindre 9ff absddildds¢emditast cWoth the convestionalg tksten
chanber 80 1s ErLJ{iJ]esz%rSro%(lnE htl:hoe'u Ellt. hu%ieOEttsraggmfgsd'electrical siénals
lreprgsenting the well pressure to the surface unit 2 con-
10 comitantly with the sensing of the pressure. The initial
pressure reading is the pressure during a flowing périod because
the valve means 200 is open as mentioned hereinabove. Aftar a
éredetetmined time period as known in the art, the valve means
200 is closed therébf closing in the well and pérmitting prassures
+ in ihe well to build up and to be monitored and indicated aﬁ the
surface. Such surface indication is again achieved céncomitantly
_ with the downhold #ensinq §£ the pressure. ther ahother predé-
termined time period, the valve means 200 is.agaih oéénea and
glosed one or two more times as is usual and knan in the art for
?0 conducting drill stem tes;s."Temperature feadiggé brzother
downhole condition readings can be obtained and concomitantly
_tr;nsfetred'to.and displayed at the surface, too;
Afger a test has been conducted, the conventional ﬁestet

. valve 233 is closed. The motor ia the actuator sub-assembly is
25 S



192 to the first channel 188 of the tester section 16 for atting 20 agai nst
the first surface 204 of the piston 202. The poppet also is positioned to
" _cQnpect the port 92 of the second accunul ator channel 90 with the w
‘unul at or chanber 82 so that fluid which may be forced out of the channel
D of the tester section 16 is conducted through the ports 196 and 94 and
the second accumulator 2S - 31 - charpeet 90 to the | ow pressure N
accumul at or chajpleitdd® to M @N Lk eral QObn s 3 SEwhi 68 khathend hug denzerslr@iened
fron the | ow pressure accumul ator chanber 82 by renoving the plug 110.
These channel ddandckeagohid cfutke tirelotigreovmansd 20@nt théd@onowdd to its

cl osed position which is illustrat in FILG 10. To ve the valve means .
200 to its ope_rf‘ﬁﬁsﬁtﬁ 58,7 etgﬁ)lwé-?gn‘lﬂr}'& $a‘+R/é'g1?;Yi gr?%ﬁé‘ﬂg?%&‘b?‘dn -
electrical sig { tPf aRatdQl-eS iyQ ' rIeRel | Q0 s the
poppet to con- r%ggtﬁ?% port 98&% stﬁg dr?bﬁé‘%@ﬁéﬁ%ﬂné‘?ﬂé’g%ﬁﬁe port’
92 of the seconslacuniruladmir peltsiteeéhg Ak thcvecbytpieved divom ehé aleldd 18 aishr ough

which the&driving fluid can be conducted to the channel 190 of the tester
section 16 for "ggt‘?n‘d‘ 5h%iaf$ the second sur- face 206 of the piston 202.

Thi s novenent of t QHPPterLdtJlgzﬂBéQQiﬁ%\éﬂLV e?g%%n?gge&rﬁz %I;n ort 86

of the first. accumul ator channel wth 't accumul at. cha her eby
provi di ng a patiavadeionghbe Wai appddent dexarr enel tellt ot Factivh 1baspeatd8day the
first surface 204 of the piston 202 can be vented. Fromthe foregoing it is-
. apparent that tEReviandseloge: sheveldr s Gwring thesdnild stem sestrppricdummhat or
channel 90 progicggmﬁa h‘s-thrgg'gll whi ch .t he dri viﬂ'g fluid can he conducted

an

ei t her t()lbhe ator sect 4 cperates to supp sw tcﬁ hydrauclic
pressure to operate the valve means 200 of the tester section 18.
With reference to FIGS. 10-1G and 7 the operation of the
valve means 200 will be descrided. then no élect:icai signai'ia
sene'tq the solenoid valve 132 from the control section 10 over

the conductor 54, the poppet of the solenoid valve 132 is posi-

13 tioned so that the por: 98 of the driving fluid channel 96 is
connected to the port 86 of the first accumulator channel 34 to
° provide a path along which the préssurized 'hydra.ulic'o_il in the
driving fluid chamber 80 is transferred through the ports 38 and
20 192 to the first channel 188 of thc'tesier section 16 for acting

against the first surface 204 of the piston 202. The poppet also
is positioned to connect the port 92 of the second accumulator
channel 90 with the accurulator chamber 82 so that fluid which
nay'bo forced out of the channel 190 of the teseer'seéeion ;6 1s

conducted through the ports 196 and 94 and the second accumulator
23 -




20 val ve means or to-the accumul at‘or' chaﬁber. The driving fluid chan@

provides a path through which the driving fluid can be switchably co d

to either the fir.st dccunul ator channel or the second accunul ator ch

Passages through the tester section 16 and the accunul ator 25 - 32 -
section 14 permt formation pressure to be transmtted to the gauge section
12 for -conversion into proportional el eectdieal signals by neans of the
PLessure sensi Ngy URANS 9622 ARHef bv bEMIFaSstRRU0i zdchensiogRal. t Ghehehe
surface unit 2 by nmeans of the control section 10 and the el ectronic neans
di sposed t herei roof f¥ sereiadt orvegdiwigd its dsaizgdafront thehILWIIRESABF? unit 4

broadl'y includes an el ongated houysi havi ap.interigf s Ceniliesh
defines a cent ral“wldtPég?’Bﬁb%&;%ng?rfg'@f’dﬁgq t‘gai ar %/fq'hr%{]% 1(:é er\lt%oqusi ng
between a first end g G@NEch 0914 168 S 200Nt S HaOKSI4A] tBage saBl Seeder i or
surface extendi ﬁé’“g%@\/}gg% %E‘e flalrst 10 and second ends and further has a
comunj cati Ng- S\pols@tfore xvhesnliiagiXluscogted ke TSIst®hg bet ween the interior’
and exteri @ surfaces near the second e%(a. Thi s comuni c‘.aktii ng .%lirggﬁe_ has
been discl osed her eT® 3ayeqEie Kalis&eapt ot A A8% o2 BUyn PR <~ Opening a

fluid in the cerifgl il BriuCeladies PR 1hA%1d0tricie s6pANILIM €ndl Of the

housi ng can be ESHunt cat e e ‘exterior surface of the housing
- extendi ng bet wegipnkbsr Gee8idi0100d Thie érergizayidnotovesctim poppet tBi spused in

this housing are first conduit neans, second con-
: ' .nect the port 98 of the driving fluid channgl 96 to the por: 22
~ of the soéond accumulator channel 90 theredy providing a péth
:10 through which the driving fluid can be conducted to the channel
190 of the tester section 16 foi acting against the second sur-~
face 206 of the piston 202. This movement of thé popret of the
solenoid valve 132 connécts the port 86 of the first accumulator
_ channel 84 with the accumulator chamber 82 theréﬁy providing a
15. path through which fluid forced through the channel 183 by the
first aurface 204 of the piston 262 can be vented.
From the foregoing it is apgatont that the first accgmulaeor
channel 84 and the second accumulator channel 50 provide paths
_ _thtough which the drivinq_fluid can be conducted either to the
20 valve means or to the accumulator chamber. The driving fluid
. channel 96 provides a path through which the driving fluid can be
switchably conducted to either the first accumulator chaanel or
. hthc.second aécumula:or chaanel. |

Passages through the tester section 1§ and the accumulator
28 _



dyit_neans and third conduit neans which éré provi ded specifi.-
.eferred

t
fi

effect novenent of the val ve neans di sposed in the housing adjacent the

and second tester channels and the driving fluid channel. These
.channel s are appropriately interconnected by the valve drive neans to

openi ng. 25

The 5

housi n

are threadedly

fluid-tightly seanats by agudsabketﬁa-prsqxn:ansbd&aagLﬁhaahenmnmha £t alSO
i1lustrated in the acconpg%%lng dr awi ngs. .-34- CLAIMS. 1.

apparatus for stapmissica

20 cally in
enbodi nent by the first and second. accunul at or channel s,

t he

-33- In the preferred enbodi nent the housing com prising
the various el enents di scussed herei nabotfe”i s preferably made of stainless
steel or other SAft{8®|d ABAS a?"'\‘:’é-ﬁabl%“cif‘{&é"l Pe dFoRAfitEednsA tBAnent s.

Oan {p‘abﬁeﬁ 9% r AShE JnaU- Gxbidiibe ng lyai V\:hl ch

as 1lTustrated I'n t e“frogures an

a driving fluid ctggP “tfg L ch‘mj&%oh %Ia?%p mgg &{]rg\ég" Ve . neans

di sposed t ereﬁ1

fromthe well

10

I ST openi ng I ne

cBej siInajg| jo ‘E%)nspﬁflfﬁfhgm“-az Wu@?éﬁg Pﬁc#*\fdl ng

u0|né a fluid

i Nt OpEdie thet fidegbisy itaisl d@guﬂrnggua &aeamloaefu g defined
therein for passing fluid fromthe interior to the exterior of said
housi ng' and amgg%émyudes an elongated housing having an interior surface

which defines a central void rngon ex:endxng longxtudinally
throuéh the hoh;ing beiween a fitst end and a seccnd end thereof.
This hodsinq has an exterior sqffato'ex:cndihg hetw&en thp'firs;
and second eﬁds and further has a communicating surface extending
through thé housiag between thé interior and extefior surfaces
ninr the second end. This communicating surface has ﬁeen_

disclosed herein to define the opening-l78.' Through this épeninq

‘a fluid in the central void between the opening'ahd the secoad

1s

20

28

e i timaea s s —— - e

end of the housing can be communicated to the exterior surface of
the housing extonding'botwnenlthq opening and the first end of
the housing. |

Disposed in this houéing are first conduit means, second con-
duit means and third conduit_means which are provided specifi-
éallf in the p:efertcd'embodiment by the firit and second..
accumulator channels, the first and second tester channels and
the driving fluid channel. These éhannels ace appropriately

interconnected by the valve drive means to effect movement of the

.valve means disposed 1in the hou;inq'adjacent'the opening.

-

-




defined in the interi'or of said houéing f-or connecting said first openias

‘with said second opening, first conduit means 10 communicating with 2
portion of said val ve. neans, second conduit means conmunicating wt L
secemd  portion of said valve neans, and third conduit means conmuni C3 g -/
with said driving fluid chanber; valve drive neans, disposed in said

housi ng, for noving said val ve -means between a cl osed 15 position wherein
the fluid in the well is prevented from33owing fromsaid first opening to
sai d second openi ng. and an open position wherein the fluid in the well is
allowed to flow-fromsaid first opening to said second opening, said valve
drive nmeans includi ng se&Bntheapyef exeed emhodimenthdthey hpgsdmgngameat i ng

ei ther said thpkrdsgagdéhe ¢RADNSu éleménth fdi Sduddiltdr IRABS VAN sSai d
second conduit _neans Wth said accunu-_l.ator, chanber or said third conduit
nmeans with saiBtggfﬁﬁﬁﬁgoﬂﬁgft°fk§ﬁﬁ9?&ﬁ?%eﬂ???#r%ﬁ:QﬁﬁﬁHUFPlﬁ§3ﬁ§ with said
accunu- | ator whiebdalscapablesef duvalire daitmwles diviretmeniter Thei n sai d
cl osed posisti 0Of,6 i g0 Sih 1 QR o . i i in
Said hous: g, FoReLaR Fa PRRRROSL OF mEb ARG RyilAfTen, dyanenty
neans is in it¥hirBsanepbareadedlndcomnerted By dilastrated dn ghets open
posi ti gn; andfekepekOaha mﬁas,?zdé sl $ g5y M&J&%ﬁ?u&%dbﬂ.@spogsi ve
to said pressupie_sensin P a cO ni - gating.,a signal, correspondi ng
to the nagni tuéér%?sfh%gggﬁg‘g%“%r%%%?’g%uo“a ﬁcjtfc’aﬁg&‘l"}ﬁggéﬁ FF‘oﬁg§ai d

housi ng. . -3Bccodpanying d¥mwimgs us according to claim11, further _
conpri sing second el ectronic neans, disposed in said housing, for providing
el ectrical control signals for controlling said valve driwve neans.



s . .
[T . . . .

5 3. _—_Apparatus according to claim1 or 2, further ‘conprising means
fprsensing tenperature in the well and for comunicating to a |ocation
caked fr not her signal representing the sensed ¢ome
at uf"llmmulm"l IlrfmﬂAppar atus according to claim1,2 or 3; furt her™
coupHf si ng*i nfli clat It rfearis for receiving said signal fron1sa|d el ectronic
means for providing a real-tinme indication of.the sensed pressure. 15 5.

An apparatus for sensing pressure in a well, conprising: a housing having aw
fi.rst opening defined therein for |ntTo%%CTng a fluid fromthe well into

the interior of said housiing, a second opening defined therein for passing

20 fluid fr&ﬂ] g-.interior to the exterior of said housing, and a

passageway d&e+~re& in the interior of said housing for connecting said

first opening with said second opening, said housing including: a sealing

mandrel havyng said fhpShp {amemg £ eg%m ¢ Qaiddidienald % ueqaethrough a
| ocking 25 el enent associated with sal sealln nandre housi ng

having a fi FOMPRAFLNELS | i Roueing including W%ﬂ & Sﬁd openi ng
defined thegat beeughlaﬁaﬁnehaﬂbeﬁomatamgarﬂwsaaadeaags rdimi:roeled\m th said
| ower housi pg, ?81}1“6‘& ?i‘kgtfbééﬁu%eé‘éf‘ﬂnéi éﬁbxu[i‘ﬂ %o‘}p gwWth

sai d 30 passa% ,_ connec sal omer hou3|ng
havi ng a§se®@o auwdlfrgefthﬁngehlcathythﬁnﬁnﬁQ##RrzﬂfzﬁﬁﬁﬂnﬂQ@ﬁGPgbh&nber

and a drivi gdcbhdi dpehafBeler$atd 6186AGLh Wi FiditE FihiilSleroiRARl , a
second channel and a third channel qﬁélned t.herein, each of said flrst and
t

second 35 cﬁ&ﬁﬁEFQrCBﬂnﬁhFcﬁfFﬁﬁlﬁf MR AL R RARS28SHEY

defined in the interior of said housing for connecting said

first opening with said second opening, first conduit means

10 communicating with a first portion of said valve means, '

' second conduit means communicating with a second portion of
said valve meéns, and third conduit means communicating with
said driving fluid éhamber; valve drive meahs, disposed
in said housing, for moving said valve means between a closed

15 position wherein tﬁe fluid in the well is prevented from .

. flowing from said first opening to said second opening and
an open position wherein the fluid in the well is allowed to
flow from said first opening to said sécond opening, said
valve drive means including second valve means for switchably

20 communicating either said third conduit means with said first
conduit means and said second conduit means with said accumu-
lator chamber or said third conduit means with said second
conduit means and said first conduit means with said accumu-
lator chamber so that said valve means is placed either .

25 in said closed position or said'open position; pressure
sensing means, disposed in said housing, for sensing the
pressure in the well both when said valve means is in its
closed position and when said valve means is in its_bpen
position; and electronic means, disposed in said houéing

30 and responsive to said pressure sensing means, for communi-
cating a signal corresponding to the magnitude of the sensed

pressure to a location spaced from said housing.



+*

- 36 - said third channel comrunicating w th sai-d—drvnrg—fHuie—ehanber;,
and val ve neans di sposed in said housing including a hol ' sli
di sposed in 'sai d-passageway and said cavity so thﬁw“‘\w m @{ﬂtﬂﬂsai d\
pi&Lpﬁ is in pressure 5 comunication with said fHgSe 'S d piston
having a first surface against which a fluid passing into said cavity from
said first channel can act and further having a second surface agai nst

whiich a fluid passing into said cavity fromsaid second channel can act,
sealing neans 10 associated with said pistgn so that when said piston is

In said closed position of said val ve means? 3aid seal i ng neans is di sposed
I n said passageway to prevent fluid flow between said first and second

openi ngs, and, when sai ISt IS i e g i -
nmeans, said gze'al i ng rregl?%aiggpg %F%%Ségagi ggsgllggpafs’s%%ém%/&?(f%a\ﬁqj&\/évqﬁgui d
f1 ow bet ween sesiondf ielectroniscmennsopdisngsedyin vea i i Reusigehs fdirsposed in

sai d housi ng,pddifi iR 30 e2dird cd! ¥8nBR8NS sPBhYEENE §r CEFEKL AT isdiidvher ei n
the fluid inthe we]l, is prevented fromflowing fromsaid first opening to

Py

said second ofeith§ Y& FF3%& -open position wherein the fluid in the well
is allowedsto flow fromsaid first opening to said second opening, said

val ve drive ans- i ncl ydir 0 n ] a nicatfng
ei ther said ﬁ'i rd _ch.an-lrlik &\%ia?%gsgiga%?hrxggngﬁaﬁ]rié?ﬁalfl\(lj%ttsg]’dt#s%con channel
with said acasmprdsdne medsesr fors sgnsingdtempenatpapnkt e weldi necond

channel and s@yrd domnitiniCading toi bh1sehdisdaCEpbtad Of remasdid Houdilif said
val ve neans is pl.aced .either in sai g.cl °§ﬁd gosi t‘ilog or said open position;
pressure sensﬂ"r?&hr?é'ar?s‘,gn&i SPEGSPR BB “HEuSFAGSC f 6T"RERTHS t he pressure

in the wel® both when said valve 30 neans is in its closed position and
‘3?5302250' valye means iggdatath® 3Re8rA%AkL! £8Nc1884- 1 82 66 PN furfriEES,
o comprising indicator means for receiving said signal from
said electronic means for providing a real-time indication
of the sensed pressure. '
15 ' |
5. : An.apparatus_for sensing pressure in a well,
comprising: a housing having a first.opening defined therein
for introducing a fluid from the well into the interior of
said housing, a second opening defined therein for passing
20 fluid from the interior to the exterior of said housing,
and a passageway defined in the interior of said housing for
connecting said first opening with said second opening,
said housing including: a sealing méndrel.héving said first
.opening extending longitudinally therethrough; a locking
25 element associated with said sealing mandrel; a lower
housing having a first wall defining said passageway and
having said second opening defined therethrough; means for
connecting said sealing mandrel with said lower housing so
that said first opening is in fluid communication with said |
30 passageway; and an upper housing, connected to said lower
housing; having a second wall défining a cavity comprising an
accumulator'chamber'and a driving fluid chamber, said second
. wall having a first chaﬁnel, a second channel and a third
channel defined therein, each of said first and second

35 channels communicating with said accumulator chamber, and



I n said housing and responsive to safd pféssure sensi ng neans, for
RN catﬁgﬁmo-r-ﬁespondi ng to the magnitude of the sensed .
e tolﬂm ' baced from 35 said housing. - 37 - 6. . a2
S a H”"ﬁ'ﬂg!@i@@ 5, wherein said | ocking el ement includes aV", L
enbel cbnpy i 91 Ng: curing means for securing said apparatus in the
wel ™ response to a-first single dowmward novenent and a first 5 single 7, -
upward novenent; and rel easing nmeans for rel.easing said apparatus from v
securement in the well in response to a ggcond single downward movenment and
a second single upward novenent. 10 7. - An apparatus for sensing
pressure in a well, conprising: a housing having val ve neans di sposed
]'Ehereiﬂ andillnayi:ngr? EhasheDpe m'mg.,f Mﬂi}@h Wit @aid @Irﬂvghlfgoﬂmﬁhﬂgdaffl uidd
romthe nt.o [ [LO sai ousi.ng, con eni efi ne
therei n 1 orrgabdihg AFd AFF odlte SELabgie (o BEHLAR S ded
housi n?., afd gébg‘;sﬂﬁéﬁﬂ? lﬂlbld#'!’zﬁ?hod_iﬁpim iim exaisy ;Hﬁsme.uﬁabtoasd.ng for
connectingsg@iidchivisy 90CPhHE ¥hé Bl T Y ORANLN i3kt PPESERS
i ncluding a wal l vm% -an {nteri pécé)lrjrface defi ni Eﬁ_si de.lboun gr I es o? a
pressuriszi |ilépuaaiintehe ﬁ%ﬂb‘é?‘“?o?‘:‘}_ ‘?ﬁ%g?%?%’igsfs _ "f‘i RFSFO0 PAVENEof a
driving flai flichtinberface agabtnst nghixchird \Elng d passingndntb aaidccunul at or

chanber, saigd:wal k.Lnc L Ng; f] ' CHHH or eti therein
for sw tchg%ﬂl/w?o}r:‘nrrhﬁi %gﬂi ngj_"t‘%'é' %’5 J%/'l'e?llg ui,ag:tteiatr?%?&?%%r%g’séfggggi gi ng
fluid chanBerord surfae| sgaimehswivich rpfltidl passiagrdate 38ido said
acs:umﬁl glt oaaebaybgfbmasa_feﬁaéca&&wﬁmr i ; deldanengt Rekasn for
switc ?0 yaggggyg ggtégghtsgigréggégk so that when said piston is in

said closed position of said Valve means, said sealing means
is dispoSgd_in said.passégeway to prevent fluid flow between
said first and second openings, and when said piston is in
said openlﬁositioh of said valve means, séid sealing means
15 is disposed in said passageway to allow fluid flow between -
| said first and second openings; valve drive means disposed
in said housing, for moving ééid valve means between a closed
position wherein the fluid_in the well is prevented from
. flowing from said first opening to said second opening and an
20 open position wherein the fluid in the well is allowed to
flow from said first opening to said second opening, said
valve drive means including second valve means for switchably
communicating either said third chanﬁél with said first
channel and said second channel with said accumulator chamber,
25 or said phird channel’wiﬁh said second channel and said first
channel with said accumulator chamber so that said valve
means is placed either in said closed position or said open
position; pressure sensing means, disposed in said housing,
- for sensing the pressﬁre in'the well both when said valve
30 means is in its ciosed position and when said valve means
is in its open position; and. electronic means, disposed
in said housing and responsive to said pressure sensing
means, for communicating a signal corresponding to the
magnitude of the senéed pressure to a location spaced from

35 said housing.



fluid fromsaid val ve means to said accunul ator chanber when said first

accunul ator channel communicates the driving fluid fromsaid driving fl yid
chanber to said valve nmeans 30 or conmunicating tl'ﬂlmuwnmﬂnﬂmwro @l .
drilying fluid chanber .to said val ve neans when sail I8t or a
channel: communi cates the driving fluid fromsaid vatve ngang td said 7
accunul at or chanber; and a driving fluid channel defined therein for

cgmuni cating the driving fluid 35 fromsaid driving fluid chanber to

ei ther said first -38- accumul ator channel or ‘said second accunu!ator
channel ; valve drive neans, disposed in sgid housing, for noving said valve
nmeans between a cl osed position wherein the fluid in the well is prevented

fromflowing fromsaid first 5 opening to said second opening and an open -
position wher @kn the flApparatusheacminding 4lod odedmt §,f whertiomssadd first

openi ng to saidcReALNE1ORERE Nthc Bipddl V2 e 1% %%m%ﬁnéphpﬁkggipgg second
val ve neans for sm&tchabl%ﬁc nmmuni cating either the driv ng I d_channel

with said firSPCUELHFMAILT AU° CIRftfNGTdichidpracathna aectihal uedt Emannel
Wi th sai d accuempohaéctochafihest singlhe dbunwa?@ hbvesleabannal avEihssai d

second accynu C ai.d first agcunul at or chapnel th said
accunulatoS C%g%géﬁ,agggfﬁdﬁgggﬁe R&ﬂ\ﬁ?%ﬁ&gigafgnﬁlQgéﬂse??ﬁefg#ﬁagh?ﬁ
cl osed positi8aidrarpapabwenf pomissauremefts dind thel wellr inerespossentdudi ng

an accunul at op Bb&bRA Sih !a/omm%vleﬂ{e%eanaahdseesaa%kagﬂg hbhfa
chanber and said driving fluid chanber, said accunul ator piston belhg

movabl e in reBPORRE b pressure differentials between the fluid receivable
by said pressuring fluid chanber and said 20 driving fluid chanber

accunul at gp val ve neanSA£Q£p§y¥§édgﬂy&§'sensing pressure in a well,
. comprising: a housing having valve means diéposed therein
and having a first opening defined therein for introducing
a fluid from the well into the interior of said housing,
a second opening defined therein for passing fluid from the
15 interior to the exterior of said housing, and a passageway de-
fined in the interior of said housing for connecting said first
opening with said second opening; said housing including
a wall with an interior surface defining side boundaries
of a pressurizing fluid chamber for receiving a pressurizing
20 fluid, of a driving_fluid chahber for receiving a driving
fluid, and of an accumulator chamber, Said wall including:
'a first accumulator channel defined therein for switchably
communicating the driving fluid either from said driving
fluid chamber to said valve means or from said valve means
25 to said accumulator chamber; a second accﬁmulator channel
defined therein for switchably communicating the driving
fluid from éaid_valve means to said éccumulator chamber
when said_first.accumulator channel communicates the driving
fluid from said driving fluid chamber to said valve means
30 or communicating the driving fluid from said driving fluid
chamber to said valve means when said fifst-accumulator
channel communicates the driving fluid from said valve
means to said accumulator chamber; and a driving fluid
‘channel defined therein for communicating the driving fluid

35 from said driving fluid chamber to either said first



connecting _said high pressure channel mnth elther said first accunul ator
_neI to sai d second accunul ator channel ; pressure sensing neans,

: M“Im ‘l“mwm Ifor sensing the pressure in the wel both when
aIv its closed position and when said val ve nean§\¢§
open p65| i on; *and .el ectronic means, disposed in said housing and
responsive to said pressure sensing means, for conmuni- cating a signal
correspondi ng to the nmagnitude of the sensgd pressure to a | ocation spaced \J
fromsaid housing. 30 8. . paratUs ctording to claim7, wherein

said wall further includes a test pressure channel defineg therein for
conmuni cat i r om.s Passage t.0 sai pres qre sensing
nmeans. %é@dlﬁ or> e %ngﬁ' g?a?ﬁgdf o) i 'gnsaf(hc Lo &

conpri si ng: vaveodiiye meensg ﬂaspesméam @Iaspdmtb:tmr dior amdmgcl ud| ng a
first openi @}.J.d!i‘fv‘dl% tWeahai BeEQEehnLreﬂUQé&‘gpt?szwcﬁaU it qugﬁah%h\Qel | into

the interior aid ou3| a second enl n therein for
~passing fl uuf&“ﬁﬂzr’n"t kae ggl &® PreveBted Eromy ing £Fnosysiadd fimsta

passageway a@fenieg ito Ishé.dl seeohdr opénﬁﬂgdakaw‘:i RO posdriont whgrsdnd
{175t openi ahaieal sl 560001 90801 191 gk VE, (4P FIERNS, 4 SR0sed Tn said

housi ng, for noving said val ve ween % Cl wher ei n
the fluid |ﬁPFHé“GEFP §§1Eré9§ﬁpédopenmmgloﬂnxﬂ;wainﬁfdmnwefmeshsopenlng to

s?: d SgcOndfl?@ﬂﬂ?&ﬁgaaécaﬂdopﬁ!ﬂv@@ﬁé&h@nfmeévﬁ!%htea?g.r% 'cg'mg%h%cfalﬂﬁn Ssure

allowed to r TS o sad-s

sensi ng neaﬁ?gw %géegrﬁﬁlgﬁlglﬁgghﬁﬁg? gth sxid ﬁdrﬁﬁeaﬁF8§§&P§°Fn t he

wel | boti® wichanpeldand said second accumulator channel with said accumu-
-lator chamber, or the driving fluid channel with said

second accumulator channel and said first accumulator channel
with said accumulator chamber, so that said valve means is
placed either in said closed position or said open position,

15 said valve drive means including an accumulator piston
slidably disposed between said pressurlzlng fluid chamber and
said driving fluid chamber, said" accumulator piston belng
movable in response to pressure differentials between the
fluid receivable by said preSsuring fluid chamber and said

20 driving fluid chamber; accumulator valve means for switchably

| connecting said high pressure channel with eiﬁher said first
accumulator channel to said second accumulator channel;
pressure sensing means, disposed. in said hoﬁsing, for sensing
the pressure in the well both when said valve means is in’

25 its closed position and when said valve means is in its opeh
position; and electronic means, disposed in said housing
and responsive to said pressure sensing means, for communi-
cating a signal corresponding to the magnitude of the sensed

. pressure to a location spaced from said housing.

30 _ _ _

8. | Apparatus according to claim 7, wherein said
wall further includes a test pressure channel defined
therein for communicating well pressure from said passage-

way to said pressure sensing means..



valve means is in its closed position and when said valve neans is in its
open position; electronic means, disposed in said hou5|ng ana responstve /Q
saLd pressure sensing means, for communicating a si g g Biﬂm tq

sa

t hexnrg- 20 nitude of the sensed pressure to a Ioc :
ir

housi ng; said housing further including a tester hous#ng avi
openi ng; said second opening, and said passageway defined therein;
aceunul at or housing, connec- ted to said tester housing, having sald valve
drive neans 25 disposed therein; a gauge housi ng, connected to said
accunul at or housi ng, having said pressure ggnsing neans dis- posed therein;
a control housing, connected to said gauge housing, having said electronic
means di sposed therein; and wherein said tester housing includes: a sealing
mandrel 30 Having saidnfhpparepesiﬁgresbsaﬂhggpfeﬁgnﬁeuhﬂmdIweﬂﬁwwe-

through; a | Qigid ahgTent A3aaGhg! ﬁgv%ghvmg A4 N S £l e B IO VeT

housi ng having a first wall definrng sald passageway an avl ng: $4id "second
openlng def i dfpeied LPHrGUQHPStnﬁ3ﬁ§1P5rdeﬁhh%ét¢hﬁfe¥nuﬁpﬂukﬂﬁnqyuqywﬂeﬂ
with 35 saic fdwdd foom BHeS@ellaingai dhél 1ﬁeepp&mm saad hdddiing, - 40

- t | ssa upper connect ed to
sat o Towers iy seded, $BeH:RE°A8TTHEN. nBRGin "Pot ihakaTRg, Ltk Kb rrenal |
having a f|r§P¢@W&ﬁﬁetoaﬁbeaesteomdrchﬁnaeiddhémsmng;kEndﬂaLpasﬁﬂgemhysald
first 5 wher qigfi%diad ikakue aﬁeeﬁbpcwd§§mah&9§h&%v ﬂftcﬂiﬁ OW WY

di sposed in sai assagema and sald cavity so
plsPon is |nsﬂﬁgsg&F§tc8 hRgaribh. fprif §%96n¢|?23n¥ﬂﬁﬂnrﬁ?1W9mdilaEston

having a fir seeans,f dé¢spagadnih said housing, for moving said valve means
' 10 between a closed position wherein the fluid in the well is
'~ prevented from flowing from said first opening to said
second opening and an open position wherein the fluid in the
well is allowed to flow from said first openlng to said
second opening; pressure sensing means, disposed in said
15 housing, for sensing the pressure in the well both when said
valve means is in its closed position and when said valve
means is in its open position; electronic means, disposed
in said housing and responsive to said.pressure sensing
means, for communicating a signal corresponding to the mag-
20 nitude of the sensed pressure to a location spaced from said
housing; 'said housing further including a tester housing
having said first opening; said second opening, and said
- passageway defined therein; an accﬁmulator housing, connec-
ted to said tester housing,'having said valve drive means
25 disposed therein; a gauge housing, connected to said
accumulator housing, having said pressure sensing means dis-
posed therein; a control housing, connected to said gauge
housing, having said electronic means disposed therein; and
wherein said tester housing includes: a sealing mandrel
30 having said first opening extending longitudinally there-
through; a locking element associated with said sealing
mandrel; a lower housing having a first wali defining said
passageway and having said second opening defined there-
through; .means for connecting said sealing mandfél with

35 said lower housing so that said first opening is in fluid



10 which_ a fluid passing into said cavity fromsaid first channel can act
and further having a second surface agai nst which a fluid passing into said
y fro nnel can act; and further |nclud|ng seal i-n =
rr% assommmllfmm"mnmpl ston so that when said piston is in 15 sai g\,f
ed positioh df daid valve neans, said sealing nmeans is disposed in said
passageway to prevent fluid fIOM/betmeen said first and second openi ngs;
and when said piston isin said open position of said valve neans, said o/
sealing neans is disposed in said pass‘gfmay to a||Ole|UId flom1betmeen 20
said first and second openings. 10. “Appar at us accordlng to claim9,
wherein said | ocking elenent includes a J-slot nmenber conprising: securing

means for SgghnhRfe S84 6n ARPAK Al 445 | Sh 4G MBlY: | Undd ExeﬁBBt%ehBQsi‘né' rst

si ngl e downward novenent and a flrst si ngl e "dpward novenen and re&f easi ng
means for r%?%%%?ﬁﬁds%?ds%ﬁ$a}%ﬂﬁﬁ;quﬁﬁQ§éc&ﬁ&ﬁaﬂ:alﬁePﬁédePF in response
to a seconddef hgirg deawiey ( smwd r&ﬁoxandvaalsmrmgshnghesupmadne‘nverrent

30 11. a accor di i,m9 ar er.ei_n;

accumul at Ol‘aﬁ@ﬁgl én%g#'?l%l Gde e%n%f\?\dh ﬁal trnerel ’erelag?‘hgur i Fakd géf‘ﬂ"n ng side
boundari &s @ﬂdasp¢@@éu¢h§nm@ﬁ$qummununﬂkyng<m1the@@wm cgvatpsessundi zi ng

fluid, of awﬂéfamgs;%ﬁ.d A FHDEM RS0 eI HaG 1%&5&&8& Eighgp1gnd of
an - 40a - -accunu] ator chanber, said wall |ncluc first accunul at or

Channel dordiamotemyLh mqs RATIAERIAK, AMARIY [COXG SonEhaFi bhAg f 1 ui d

ei ther fronheBblewdof véadd fpisthm hisrhiar dressairéd icommundkeasieh witnasdwpper
housi ng or :

first opening, said piston hav1ng a flrst surface agalnst
10 which a f1u1d passing into said cav1ty from said first
channel can act and further hav1ng a second surface against
whlch a fluid p3551ng 1nto said cav1ty from said second
channel can_act°' and further 1nc1u01ng seallng means
associated with said plston_so that when said piston is in
15 said closed pbsition of said valve means, said sealing means
is dispdsed in said passageway to prevent fluid flow between
said_first and second openings; and whén said piston is in
‘'said open pdsitidn.of said valve means, said sealing means
is disposed in said bassageway to allow fiuid flow beﬁwgen

20 ‘said first and second openings.

10. Apparatus'according.to claim 9, wherein Said_
locking element includes a J-slot member comprising:.
securing means fob'securing said apparatus in the well in

25 resﬁonse to a first single downward movement and a first
singlé'upward movement; and releasing means for releasing-
said apparatus from securement in the well in response to
a second single downward movement and a second single
upward movement. o | |

30 | | | |
11, Apbaratus according to claim 9 or 10, wherein:
said accumulator housing'inéludes a wall with an interior
surféce'defining Side'boundéries of a pressurizing fluid
~chamber for receiving a pressurlzlng fluid, of a driving

35 fluid chamber for receiving a driving fluid, and of an



5 fromsaid first channel of said upper housing to _said accunul ator
~chanber; a second accunul ator channel defined therein for sw tchably
.Gomuni cating the driving fluid fromsaid second chay ' er \
hogsriﬁﬁg to said accunmu- |ator chanber when said fi rmﬂmmmﬂﬂlmﬁa@’
co ni- 10 cates the driving fluid fromsaid driving fFuid chasber t 1 d
first channel or communicating the driving fluid fromsaid driving fluid
hanber to said second channel of said upper housing when said first
accunul at or channel communi- .cates the driving fluid fromsaid first
channel to said 15 accumul ator chanber-; 4@ad-a driving fluid channel defined
therein for communicating the driving fluid fromsaid driving fluid chanber
to either said first -accunmul ator channel or said second accurmnul at or
 channel ; and sefumybiter dthambemasaideaddedncindioeunut af drspi st on
3 l'i dabl yf |20_ SAéﬁ&ﬁnﬁﬂa@&; vaga“m?ém diélifri?%wrchét&-egn{) kybdsab@aigisﬁlﬁnéom&- .
riving ui d, chapber, said, accu ator piston being novable 1 n_response to
pressure di f fEFaH& hoARkEng rfrfﬁ"‘fllq.xie hFé'ch'Vﬁnglg‘;d’ééYﬂ“ rgg‘é’a i zi ng
fluid chanmberchanbenithb dsaid iddtuichatihelbef; sanid appenvhahsingadbwe neans
for 25 swi kch | ' ri v ng.fl ui h | | § her said
“first accu%‘ulgét)%'y %%{]acpnﬁt?fé%? %%-ng'egeg\fn%gégcﬂhgfgt gg&g%%%nn%gggw_ 41 - 12.
Appar at us accd¥eemmiglaton|chamber; weesscondapgcumtlatort pbannel| definedt est
pressure changrérépl i FOS Wi @i dbolc el RiatahkNShvell i PLRSSPIRIET PRORAI d
tester housi n% 18 sai d ayge holu5|tn%. .-5cl 13. h A vm{:el | nedt ool for
sensi ng press ?t i%e%o |<f ’anne o a:._ uppgr ousing L0 sSal accumu-
' lator chamber when said first accumulator channel communi-

10 cates the driving fluid from said driving fluid chamber to
said first channel or communicating the driving fluid from
said driving fluid chamber to said second channel of said
upper housing when said first accumulator channel communi-
cates the driving fluid from said first channel to said

15 accumulator chamber; and a driving fluid channel defined
therein for communicating the dfiving fluid from said
driving fluid chamber to either said first accumulator
channel or said second accumulator channel; and said
‘valve drive means includes: an accumulator piston'slidably

20 disposed between said pressurizing fluid chamber and said
dri&ing fluid chamber, said accumulator piston being movable
in response to pressure differentials between the fluids
receivable by said pressurizing fluid chambér and said
driving fluid chamber; and accumulator valVe means for

25 switchably éonnecting:said'dfiving-fluid channel with
either said first accumulator channel or said second

accumulator channel.




the well having a tubing disposed therei n and the tubi ng hawi ng a | andi ng
el ement | ocated therein, said tool com prising: a tester section -
in%i ng—first structural 10 neans having a first end, a second end |, ’“

en able with the | anding el enent, an exterior surface extending betwégnj
sai i rst t,! mﬂuumﬂﬂmnd an interior surface extend- ing between sald
first and se'ey B fining a hollow region between said first and _
second ends, said 15"t fuctural neans al so havi ng an openi ng defi ned W
t herein between said interior surface and said exterior surface; retaining
means, associated with said first structural neans, for rel easably

retaining said second end in engage-~ reht=with the | andi ng el enent; and

val ve neans for opening 20 or closing said opening; an accunul ator section

connected to,said testgr. ion I d. accumulator section including: a
first wall dé?l‘ni ng a ﬁ?éfg%%%i_?‘f%%ﬁa_?/ec%rJTn\'/elslrfeé'ﬁ‘s?r%fr%psc)%"e in said
first cavitywalyrfartheriimchedes \al vestnemes sur ¢ aghannek tdefinehnect ed to

sai d accumul ghefedh 8BS ESHnBHE Lt ORg!Ofe BE G Ok A6 | #1linh) G o B4 SELLNGE Wl |
defining a second caV|t%;%$ressure sensi ng neans; disposed in said second
cavity, for BEREIRE BPeS31f S3R8E ONRINE- and first electrical connector

means, asSociated with said second wall, for receiving a first electrical

signal and 39, for con ting. the fiyst electrical_signal to said valve
drive neans; and a con??‘g}rgg%%goﬁo%%n%%%tseﬁ‘?’on§a?zae%s%ee Yo i’fﬁﬁf"sai d
control secttba weall baning secRiRS r uti spes edietirer eisecontl e ctubiond

connect or NMERA$:in@SEOLaRAE £hlg Wi &t h SELOM! 1l G M1 dBadlsy J&- el ectri -
35 cally contacting said first electrical_connector neans so - F
_ prising! a tester section including: first structural

iO means"having a first eﬁd, a second end engageable with the
landing elemént, an exterior surface extending between
said first and secénd ends and an_interior Sﬁrface_extend-
ing between said first and second ends and defining a
hollow region between said firét and second.ends, said

15 stfuqtural means aléd having an opening definéd therein'
between said interior surface and said.exterior surface;
reféihihg.means, associated wifh said first structural
means, fbr releasably fétaining said second end in engage-
ment with thé landing element§ and valve meaps.for dpening

20 or'closihg said 6pening; an accumulator section connected
to said tester section, Said accﬁmuiator section including:
a first wall defining a_first cavity; and va;ve.drive
means, disposed in said first cavity, for actuating said
.valve means; a gauge seétion connected to sgid accumulator

25 section, said gauge:section including: a second wall
defining a second cavity; pressure sensing means, disposed
in said second cavity, for sensing pressure in the well;
and first electrical connector means, associated with said
second wall, for receiving a first electrical signal and

30  for conducting the first électrical signal to said valve
drive means; and a éonfrol section connected to said
gauge section, said control.sectioh'including: second
structural means; second electrical connector meahs,
associated with said second structural means, for electri-

35 cally contacting said first electrical connector means so



Z42- that the first el ectrical signal is conducted through said first

el ectrical connector neans to said second el ectrical S, flrs_
el ectrical circuit nmeans, disposed in said contro :
tr\a\rls/m tting 5 to said fi rst electrical connect Or M”m@ lﬂm

el ectrical signal; and second electrical circuit neans n sa d
control section, for receiving fromsaid pressure sensing neans A secon
electrical signal represent- ing the sensed pressure. 10 14. A tool
according to claim 13, wherein: the landing elenent includes a 'lug;  and
said retaining neans of said tester section includes a J-slot nenber,
~rotatably nmounted on said first. structuma -means, conprising: 15 securing
means for engaging said J-slot nenber. with said lug in response to a first
si ngl e downward novenent and a.first single upward novenent of said
securing meansthat Yree efitr staied daiy;i cald signedsiisg cmnatédrtﬂi-aemagi ng
said J-stol myHlel 14 At JEHANNE haRaS§60001 1 DELS

downward novenent and a second single upward novement Sard re ea5|ng
means adj acent®kefiFiqpl cpmnector meansg| §é€@¢dﬁﬁgcﬁyleﬁélﬂ1£8ubt 14,

wher ei n: sai d feard, Qiﬁiid’dé'tﬁhrﬁ@iﬁ@tc@htmn%e'c'%g.bﬂqe?or frhhiRit€ing
resilient |1} rﬁggg 3: Qse I n_sai second wal |, having an- |nner
surface fac st | FOERECEPT BEANE PPOF1E8E i on: and
first eIectr|(ﬁﬂeqxnxnﬁi(xlgnsans @m@pase@nﬂ @a@csandannnercﬂﬂtfﬂeensand

Sl asecond Sastddfal SOIAH YodBANS JAGliuACS ol 92680010 £E3h LNk

nmenber, rel eas posed I n sal second structural neans;
outer surface m&a%%eﬁ@%mm 2 segemds edesdricadt Fisaﬁlcomgﬁgnt-

means di s- posek AW G PHYsuwy.face in electrical contact with
10 ' |

14. .. - A tool according to claim 13,wherein: the _
landing element includes a 'lug; and said retaining means
of said tester section includes a J-slot member, rotatably
mounted on said first structural means, comprising:

15 securing means for engaging said J-slot member with said
lug in response to a first single downward movement and -a
first single upward movement of said securing means ad-

- jacent said lug; and releasing means for disengaging said
J-slot member from said lug in response to a second single
20 downward movement and a secornd single upward movement of

said releasing means adjacent said lug.

15. A tool according to claim 13 or 14, wherein:
said first electrical connector means includes: ‘a first
25 resilient member, réleasably disposed in said second wall,
having an inner surface facing said second structural '
means of said éontrol-section; and firét electrical
conductor means disposed along said inner sﬁrface; and
said second electrical connector means includes:’ é second
30 resilient member, releasably disposed in_said'second
structural meanS, having ah outer surface facing.said_
second wail; and second electrical conductor meané dis-
posed along said outer surface in electrical contact with

said first electrical conductor means.



said first electrical conduct or neanst _43- 16. A tool according v

to 'nB'13 14 or sai d val ve neans includes: a holl ow piston,
osed |n sald h%htow region, having a first surface against

sl
whi 8¢ “a f|UI umumﬂ e said piston to a first positicon and furt! er/
havi nigy~a seco “m t which a fluid can act to nove said piston

to a second posit¥font §eallng nmeans for closing said opening fromsaid

'second end of said first structural neans when said piston is noved to sald\,
first position and 10 for opening said opening to said first end when sai d
piston is noved to said second posit+of3 and connector neans for connecting
said sealing neans to said piston. 17. A tool according to claim 16,
wherein: .said 15 sealing neans includes a resilient menber; and said
connect or medfs incl ud8staodearcpedanai by plaimerlsdd -ornl hg whgnein
resilient neghea balbbemeaﬁsoinaaudeekston cl oser to sai d second end of

. said first str r al avi ng re nducti ng path
defined ther&i i;ﬁwlgls on, si gﬁgg gﬁ?ﬁ?%ﬁ f% §ﬂ§ o?°g£8Vn§esi Dho 17,
~ wher ei n: saiﬂaatngnalitmstseurfenefagahnstiﬁhiduea fkpidactahoacesns

0l shosed 5N kY Caidl pgg¥bhy<hoh PELLE! R0.701 86 LHN! ALOIREPOHRE NG O 1

sai d val ve drive neans s an cunu on's Y dlsposed
in said f|rsﬁeeavﬂt§“F§F°eeFSﬁﬂngtaWb%e§sﬁrf%vag F#BlacéhHQbePV&néaad

driving fl wga.slaaﬂbea bheeebRa pBdiedbd; f'éééli‘ﬁ&'méﬂﬁé“?&? c18sfih
accunul at or channel flngd t herei.n for grOV|d|ng a g hr ough |ch a
dri vi ng fIU|ﬂ’E n°pgning from sa1d second end of “sai flrst structural
means when said piston is moved to said'f1rst'p051tion and
10 for opening said opening to said first end when said piston
is moved to.sgid second position; and connector means for

connecting said seéling means to said piston.

17. A tool adéording to claim 16, wherein: said
15 sealing means includes a resilient member; .and said
connector means includes a seal-retainins pin for fast-
ening said resilient member to the end of said piston
closer to said second énd of said first structural means,
said bolt haﬁing a pressure conducting path defined therein.
20 '
18. A tool according to any of claims 13 to 17,
wherein: said accumulator'SeCtion further includes sep-
arator means disposed in said first cavity for defining
an accumulator chamber therein; said valve drive means
25 includes an accumulator piston slidably disposed in said
first cavity for defining a pressurizing fluid chamber and
a driving fluid chamber therein; and said first wall
includes: a first accumulator channel defined therein for
providing a path through which a driving fluid can be
30 conducted either to said first surface of said valve means
or to said accumulator chamber; a second accumulator
channel defined therein for providing a path thrbugh which
.a driving fluid can be conductéd'éither to said accumulator
means or to said second surface of said valve means;
35 a high pressure channel defined therein for‘providing a

path through which a driving fluid can be switchably

f
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30 conducted either to said first surface of said valve means or to said
accunul at or chanber; a second accunul ator channel—defined—therein tor
p?QViding a path -through which a driving fluid can be | t;her
said .accunul ator neans or to said second surface ‘m‘liﬁm’i M‘i m&rgs
hi gh pressure channel defined therein for providi thrnt NE-oUgh whi c
driving fluid can be swi tchably - 44 - conducted to.either- said first
aceunul at or channel or said second accunul ator channel from said driving
fluid chanber. 5 19. A tool according to any of clains .13 to 18,
wherein: said first wall further includes a test pressure channel defined
therein; said hollow region of said fi-rdt4 structural nmeans conmmuni cates
with said test pressure 10 channel; and said test pressure channel
comruni cates with said second cavity of said-second wall. 20. A too
according to CPRARCERdytol ¢itiea siad ds fiid staleecudnilasoneananfiel t dwer
‘includes sol enaid salcvRrdlaccui®ABtor’ SRRV b EQ?dfﬁff$$§%efiéj al
signal, for sg%%&%gbly connecting said high pressure channe o erther said
first accunul &tor channel or said second accumul ator channel. 20 21.

A tool according to claim 18 wherein said first wall further includes a

test pressgure;ghannel dgfitRed LRELSIGI k0% LQMIuUNiCatin Il pregsure from
said tester se?tion to sai ngeogggfﬁbﬁ? %gy °§29&algswﬁ3AtPo *accordi ng
to claim?21, Wher&im:sas@idafiesdr wadlndamthienr iheludas| adbesspregiwraal ve

means, res- pehann@ll Aerifell ther@idG a3l BbIDBl rLPlok Vb4 CLAPY Y

first structurallmeans communicates with said test pressure

10 channel; and said test pressure channel communicates with

said second cavity of said second wall.

20. A tool according to claim 18 or 19, wherein
said valve drive means further includes solenoid valve

15 means, responsive to the first electrical signal, for
switchably connecting said high pressure channel to either
said first accumulator channel or said second accumulator

channel.

20 21. A tool according to claim 18, wherein said first
wall further includes a test pressure channel defined
therein for ¢ommunicating well pressure from said tester

section to said gauge section.

.25 22. A tool according to claim 21, wherein said valve
drive means further includes solenoid valve means, res-
ponsive to the first electrical signal, for switchably
connecting said high pressure channel to either said first
accgmulator channel or said second accumulator channel.

30
23. A tool according to claims 13 and 18, wherein:
said valve means includes a piston, slidably disposed in
said hollow region, having a first surface against which -
a driving fluid can act to move said piston in a first

35 direction and further having a second surface against which

a fluid can act to move said piston in a second direction;



connect i
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sald Righ pressure channel to either said first-accumul ator
‘Hrd-ségbnd_agggﬂngtor channel . 30 23. A tool according

18, wherein: said valve nmeans includes d piston, slidably
mm milm having a first surface agai nst which a '\,//'
f|UId ﬂ said piston in a first 35 direction and
havi ng a second Surtace agai nst which a fluid can act to nove said

pi ston in a second direction; -45- said first structural neans includes:
a first tester channel conmunicating with said first accumul ator channe

“and said first surface of said pi ston; and4& second tester channel

comuni cating with said second accunul at or channel and said second
surface of -said piston. 24. - Apparatus for sensing a pressure in a well
and for provsasiddf brsteadtiiotmsialdineanisoinefl udes :seas€drptesester

substanti al | 4, a3, beT GBS HE Wik Sl F9Ret 18chRuiiEoACERIRABYT NY

dr awi ngs.

10

and said first surface of said piston; and a second
tester channel communicating with said second accumulator

channel and said second surface of said piston.

24.' Apparatus for sensing a preséure in a well
and for providing a real-time indication of the sensed
pressure, substantially as herein described w1th reference

to the accompanylng drawings.
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