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1

This invention relates to a formation tester.

"-An object of the invention is to provide a for-

mation tester of the character described specially
designed for use in connection with a gun unit
so that the-gun unit and tester may be lowered
into a well and the casing perforated so as to al~
low fluid from the surrounding formation to en-
ter the casing and be collected by and entrapped
in a chamber within the tester.
- : Another object of the invention is to provide
a formation tester of the character described
embodying a novel type of valve assembly where-
by the sample chamber in the operating string
of pipe will be normally closed at its lower end,
with means for equalizing the pressure above
and beneath the valve of said assembly so as to
facilitate the movement of the valve to closed
position after a sample of the formation has been
taken.

The combined gun and tester are of such con-
structlon that the various formations at differ-
ent elevations may be tested without removing
the tool from the well.

With the above and other objects in view the

invention has particular relation to certain novel o

features of construction, operation and arrange-
ment of parts, an example of which is given in
this specification and illustrated in the accom-
panying drawings, wherein:

" ‘Pigure 1 shows a vertical, sectional view of
the ecombined gun and tester showing the packer
collapsed and the sample chamber closed.

- Pigure 2 shows a vertical, sectional view show-
ing the packer expanded and the sample cham-
ber open to receive the sample.

Figure 5 shows a fragmentary, side elevation
taken at right angles to the view shown in Fig-
ure 1; and

Figure 4 shows a Cross sectlonal view taken on
theline §—4 of Figure 1.

Referring now more particularly to the draw-
ings wherein like numerals of reference desig-
nate the same parts in each of the figures, the
numeral | designates a tubular operating string

of pipe which extends to the ground surface and

which contains a sample chamber,

Attached to the lower end of the string of pipe
there: is a special coupling 2. The numeral 3
designates a eylindrical rod or bar of solid metal
whose upper end is screwed into the lower end
of the coupling 2 and extends on up into said
coupling, said bar forming the mandrel of the
testing tool.

The lower end of the bar 3 has a deep socket

4 into which the upper end of the nipple 5 is 3

fitted. This nipple has an external annular
flange 6 and a clamp nut 7 is fitted over the lower
end of the nipple and screwed onto the lower
end of the bar 3 and clamps the nipple in place.
The nipple forms a connection for the well shoot-
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ing gun 8 to the bar 3. This gun may be of
any conventional construction having a plurality
of radial bores as 9, only one being shown, where-
in is located the projectile 10. Behind each pro-
Jectile there is an explosive charge (I through
which the electrical conductor 12 extends, there
being an electrical conductor for each projectile
charge. These conductors extend upwardly with-
in a groove i3 in the bar 3 and are connected
at their upper ends to separate contact plates
14 located in the housing i5 into which the up-
per end of the bar is formed. These contact
plates are insulated from said bar and from each
other. The charges may be fired by suitable
mechanism that may be lowered through the
operating string | such as disclosed in my co-
pending application, Serial No. 549,074 filed Au-
gust 11, 1944, now Patent No. 2,396,768, granted
March 19, 1946.

Around, and spaced outwardly from, the bar 3
there is a tubular packer support 16 providing a
passage §6’ through the packer and threaded
onto the upper end of the tubular support 16
there is the tubular packer expander |IT whose
upper end is formed with an upwardly flared
valve seat 18. Around the packer support there
is a packer formed of rings 19 of resilient mate-
rial which are arranged alternately with respect
to metal rings 20 and this packer is embraced by
the upper and lower end plates 2§, 22 which
also surround the packer support {6. The packer
expander §7 abuts the upper plate 21 and beneath
the lower plate there is a jaw expander 23 slid-
ably connected with the packer support and onto
the upper end of which is screwed a flange nut
24 which abuts the lower plate 22 and through
which the packer support extends. The lower
end of the packer support {6 has an outwardly
turned flange 25 which is beneath and engages
with the inwardly turned flange of the nut 24
so as to interlock the jaw expander 23 with the
packer support 16.

The expander 23 is hollow and is provided with
the inlet ports 26 and its lower end has the down-
wardly tapering faces 2T on which the casing
engaging jaws 28 are mounted to slide, said jaws
having a dovetailed connection with their cor-
responding faces. The jaw expander 23 also has
the ducts 29 leading from beneath the expander
into the interior passage 16’ thereof. The jaw
expander 23 has an internal tubular skirt 3§
which closely surrounds the bar 3 and whose up-
per end has an internal annular flange 31 which
is engageable with an external upwardly facing
shoulder 32 on said bar 3 so as to limit the down-
ward movement of the expander 23 relatwe to
said bar.

Surrounding the bar 3 beneath the jaw ex-
pander there is a tubular frame 33 having the
upper and lower inside rings 34 and 35 secured
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thereto and to which the upper and lower ends
of the outwardly bowed springs 36 are attached.
_These springs are in yieldable and frictional en-
gagement with the well casing 371 when tne tool
is in the wel.

There 1s an anchor ring 38 which has a swivel-
ing connection with the ring 34. Links 39 are
pivoted at their lower ends to the ring 38 and at
their upper ends to the corresponding jaws 28.

The irame 33 has inverted J-siots 48. The
upper ends of these slots are turned to the leit,

as shown in Figure 3 and there are the pins 41
whose inner ends are attached to the bar 3 and"

whose outer ends project through the slots 49.
‘When the frame 33 is in its lower position, rela-
tive to the bar I, as shown in Figure &, the pina
41 wiil rest in the la.terally turned ends of the
J-slots 40, as shown in kigure 3, so. as to hoid said
frame in said lower position and this will hold
the jaws 28 in their lower position on the ex-
pander 23 and said jaws will thus be also in their
inner position out of contact with the casing 3%
with the flange 31 resting on the shoulder 32.

There is a tubular valve housing 42 whose low-
er end is screwed onto the ubper end of the ex-
pander 17 and whose upper end has an inwardiy
turned flange 43 which is engageable with an ex-
ternal annular flange 44 on the coupling 2. The
valve housing 42 is provided with perforations
45 and within said housing there is a valve body
46 whose lower end is formed into a valve 8T ar-
ranged to seat on the seat (8: also witmn, the
housing 42 there is a coil spring 48 which is in-
terposed between the flange 44 and the valve body
46, -

The upper end of the valve body 46 ha,s 2R in-
ternal annular flange 48 which is engageable
with an external upwardly facing shoulder 53 on
the bar 3 and housed within the valve hody &8
is a suitable seal ring 5l which closely uurrounds
the bar 3.

There is a duct. 52 through the upper end of the
bar 3 whose upper end leads from the ecavity
within the coupling 2 and whose lower end leads
outwardly through. the bar and is closed by
the seal ring 51 when the valve body 46 is in its
upper position, as shown in Figure 1. Within
the bar 3 there is also, a duct 53 whose upper and
lower ends lead outwardly through the bar and
communicate with the interior of the valve hous-
ing 42 above and beneath the valve hody, as shown
in Figure 1, when the valve 4F is open and the
lower end of the duct 52 is closed, as shown in
Figure 1. This duet 53 allows pressure of ths
liguid in the casing to equalize above and be-
neath the valve body when it iz attemntzd teo
lift the valve 47 off of the seat 18, as will be more
specifically explained hereinafter.

In operation the tool is assembled: and let down
into the well, as shown in Pigure L. Fhe valve
_ housine: 42 wil] rest on the flange 44, the valve
body 46 will rest on the shoulder 5% and the jaw
expander 23 will rest on the shoulder-3% while
the tool is being lowered and the nins &% wilk be
encaged in the laterally tirrned ends of the J-slots
40, as shown in Figure 3, to hold: tha casin~ en-
gaging jaws 28 in their Jower retracted wosition,
as shown. in Figure L. The packer will he col-

Iansed while the parts- are in said positions,
When a position has hesn reached: in the weH
where it is desired to werforate and: te<t, the op-
perating string { and bar 3 mav ha turne~d to
carry the pins 41 out of the laterally turned ends
of the J-slots 4% but the frame 32 wilt be held
stationary by-the springs 38, ‘Thereupon the op~

Loz
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erating string and bar 3 may be lowered relative
to the frame 33 and jaws 28 into the position
shown in Bigure 2, the expander 23 expanding the
jaws 28 1to engagement with the casing 31 and
these jaws being outwardiy toethed, as shown,
will take hold of said easing and will stop the
further downward movement of the expander
24 and the packing supported thereupon. Upon
further downward movement of the operating
string the lower end of the coupling 2 will en-
gage the upper end of the valve body 46 carrying
the lower end of the duct 52 beneath said vaive

" body 46 and also moving the valve body down-

20

no
<

30

40

60

65

70

75

wardly until the valve 41 seats on the seat {8 and
upon further downward movement the expander
{1 will be moved downwardly applying an endwise
compressive force to the paéker to expand it out-
wardly against the casing 31, as shown in Figure
2 so ag to form a fluid tight seal to seal off the
formation being tested from the driJing fluid in
the casing above the packer. Thereupon the gun
may be fired in any preierred manner or in the
manner explained in my co-pending application
above referred to and the easing will be perfo-
rated opposite the formation to be tested. Fluid
from the formation will then flow into the cas~
ing and up through the ducts 29 and on wup
through the packer support t6 by way of the pas-~
sage 18 and through the duct 52 and on up
through the coupling 2 into the eperating string
and thence to. the ground surface if there is suf-
ficient well pressure. When g sample has flowed
into the operating string | said string, and the

bar 3, may be elevated. Upon such elevation the
lower end of the duect 52 will be carried up. into
the valve body 46 and thus closed and the sample
entrapped. This will alse: carry the upper end
of the duct 53 above the valve body 46 so that
the pressure of the liguid in the casing will be
egualized above and beneath the valve body 48
so that upon engagement of the shoulder 58 with
the sheulder 49 the valve 4F may be easily lifted
from its seat (8. The flange 44 will also engage
with the flange 43 thus relieving the packer of the
compressive: force thereon and permitting said
packer to collapse and the flange 28 will engace
the nut 24 and the shoulder 32 will encage the
flange 3f and elevate the jaw: expander 23 thus
releasine the easing engaging jaws from: the cas-
ing. 'The bar 3 may then be turned to the richt
to carry the pins 4t into the laterally extended
ends of the slots 40 and: the $ool mav then he
Iowered or elevated and again operated, if de-
sired; or withdrawn from: the well.

In order to prevent the valve body 46 from mov-
ing- ypwardly while the teol is being lowered: into
the well or is heing retecated in the well. and thus
opsning the lower end of the dwct 52 the spring
48 has been provided which helds the valve body
in its lower position relative to the mandrel 3 so
as t(i maintain said-duct closed, as shown in Fig-
ure

The lower-end of the counling 2 is- downwardly
and inwardly- tapered so that when the tool is in
position t~ take a test, as:shown in Figure 2; this
downwardly- tapered portion 54 will seat in a cor-
respondingly- tapered seat B5 in the upper end of
the valve body 46 so that the duct 53 will at this
time be. closed: to prevent the entrance, through
said duet, of the drilling fluid above.

What I claim is:

1. In a tester-for wells, a bar, tubular-means-for
connecting the upger end of the bar to a tubular
operating string and ecommunicating therewith, a
jaw expander around and slidable on the bar,
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means on the bar for supporting the jaw expander
for limited downward movement relative to the
bar, casing engaging jaws on and surrounding the
bar, means frictionally engageable with a sur-
rounding casing releasably connecting the jaws to
the bar in retracted pcsition, said jaws being en-
gaged and expanded into engagement with the
casing by said jaw expander upon release of said
jaw connecting means and downward movement
of the bar and jaw expander relative to the jaws,
an annular packer assembly including an annular
packer around the bar and supported by the jaw
expander, an annular packer expander around
the bar on the packer assembly and having an
upwardly facing valve seat, said packer assembly
and expander having a passageway therethrough
with an opening in each expander through which
fluid may flow from beneath upwardly through
them around the bar, a valve around, and slidable
on, the bar above the packer expander, means on
the bar for supyporting the valve in a lower posi-
tion on the bar spaced above the packer expander
seat, said bar having a main duct with its lower
end leading from an opening in the outside sur-
face on the bar below said tubular means and
upper end opening into said tubular means con-
nected into said string, the lower end of said main
duct being closed by said valve when the valve is
in said lower position and said bar having a by-
pass duct whose ends terminate above and be-
neath said valve, respectively, when the valve is in
said lower position, yieldable means surrounding
said bar and engaging and urging the valve down-
wardly on the bar, the valve being movable down-
wardiy by said bar into contact with the valve
seat on said packer expander, to close the opening
in said packer expander and expand the packer
assembly, said bar being movable further down-
wardly reiative to said valve to carry the lower
end of the main duct beneath the valve and into
communication with said passageway and to carry
the upper end of the by-pass duct within said
valve to close the upper end of said by-pass duct.

2. In a tester for wells, a bar, tubular means
for connecting the upper end ofi the bar to a
tubuiar operaung string and communicating with
said string, a tapered jaw expander around the
bar and siidable relative thereto, means on the
bar for supporting the jaw expander for limited
downward movement reiative to the bar, casing
engaging jaws movably supported on said jaw
expander, means irictionaly engageahle with a
surrounaing casing reieasaply connecting the
Jjaws to the bar in retracted posivion, sald jaws
being engaged and expanded into engagement
with the casing by said jaw expander upon down-
ward movement of tne bar and jaw expander
relavive to tue jaws, an annuiar packer assem-
bly inciuding an annular pacser around tne bar
and movapiy Supported tnereon, an annular
packer expander around tne bar on the packer
assembly and having an upwardly facing valve
seat, sald packer assempoly Daving a passageway
theretarough througn which uuid may now iroin
beneatn upward.y around the bar, a vaive around,
and sudgapie on, the bar apbove the packer ex-
paqnder, uieans iur SUpPPOrtung the vaive on tae
bar 1n a posiuon spaced apove the pPacger ex-
pander ang outr Of engagemens with sald valve
seat, sald osar having a dauce with 1ts 1ower end
leatung 1rom an opeing 1l the ousslae suriace
Of tue par Lelow sa:d vuoiwuar means and wnose
upper end opens 1o Said tuswar means, the
lower end of said duct being civsed by said valve
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when the valve is in said spaced position, yield-
able. means surrounding said bar and engaging
and urging the valve downwardly on the bar, the
valve being movable downwardly by said bar into
contact with the valve seat on the packer ex-
pander to close the passageway in said packer
and to expand the packer, said kar being mov-
able further downwardly relative to said valve
to carry the lower end of the duct beneath the
valve and into communication with said passage-
way.

3. In a tester for wells, a tubular operating
string adapted to be lowered into a well, a bar,
tubular means for connecting the upper end of
the bar to said string and communicating there-
with, a packer assembly slidable on the bar and
having a passageway therethrough through
which fiuid may flow from beneath upwardly
around said bar, said packer assembly compris-
ing a tubular packer around the bar, and upper
tubular packer expander around the bar above
the packer, and a lower tubular expander around
the bar beneath the packer and engageable by
said bar for movement therewith, said lower ex-
pander having downwardly tapering faces at its
lower end, casing engaging jaws mounted on said
lower expander for sliding movement relative to
said taperingfaces,resilient meansslidably carried
on said bar below said lower expander and fric-
tionally engageable with said casing, link means
operatively connecting said jaws and said re-
silient means, for moving said jaws outwardly
along said tapering faces into engagement with
a surrounding casing upon downward movement
of said bar, releasable means connecting said re-
silient means with said bar for movement there-
with to retain said jaws in retracted position, an
upwardly facing valve seat on said upper packer
expander, a valve around and slidabie on the
bar above the upper expander for movement into
and out of engagement with said valve seaf,
means on the bar for supporting the valve out
of engagement with said valve seat, said bar
having a main duct with its lower end leading
from an opening in the outside surface of the
bar below said tubular means and whose upper
end opens into said tubular means connected
into said string, the lower end of said main duct
being closed by said valve when said valve is
supported by said supporting means out of en-
gagement with said valve seat, and said bar hav-
ing a by-pass duct whose ends terminate above
and beneath said valve, respectively, when the
valve is out of engagement with the valve seat,
yieldable means surrounding said bar and engag-
ing and urging the valve downwardly on the bar,
the valve being movable downwardly by said bar
and said bar being movable further downwardly
relative to said valve after the valve engages said
seat to carry the lower end of the main duct
beneath the valve and into communication with
said passageway and to carry the upper end of
the by-pass duct within said valve to close the
upper end of said by-pass duct.

- ERICK L. AHLGREN.
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