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3,009,518 
FORMATIONTESTER 

William B. Taylor, 3804 Gramercy St., and Otis T. 
Broyles, 623 Sulphur, both of Holston, Tex. 

Filed Mar. 28, 1958, Ser. No. 724,685 
6 Claimis. (CII. 166-100) 

This invention relates to an apparatus for testing 
formations of oil, gas and like wells and, more particul 
larly, relates to such a formation tester in which the 
means for engaging and testing a formation traversed 
by the well bore is operable hydraulically. 

In the completion of oil and gas wells it frequently 
becomes necessary to test various strata traversed by 
the well bore for possible production of oil and gas. 
Normally such tests are made when the well bore is 
filled with drill fluid. In many cases the more porous 
formations which are penetrated are blocked off by the 
drilling mud due to the static pressure of the column of 
drilling mud in the well bore, as well as by the pressure 
applied thereto during normal drilling operations. It 
is therefore desirable to provide a formation tester which 
may be lowered into mud laden well bores to test various 
strata traversed thereby in order to determine the pore 
content thereof and to provide such an assembly in 
which the testing means engaging the wall of the well 
bore may readily, positively and easily be set for testing 
and released. In some instances it is also desirable to 
obtain a closed sample of the pore content of the forma 
tion under Substantially the same pressure and tempera 
ture conditions existing in the formation tested. 

It is therefore an object of this invention to provide 
a tester which includes formation engaging means which 
is operable by hydraulic pressure to engage a wall of a 
formation in the well bore at any point in the well bore. 
Yet a further object of the present invention is the 

provision of formation engaging means operable hy 
draulically from the surface for engaging a wall of a well 
bore and for retracting it therefrom in order to obtain 
uncontaminated pore content therefrom. 
Yet a further object of the present invention is the 

provision of an improved tester assembly, which is easily, 
readily and positively operated, which consists of a mini 
mum of parts, which is rugged and simple in design and 
which may be manufactured and repaired easily and in 
expensively. 

Still a further object of the present invention is the 
provision of such a testing apparatus which may be 
actuated hydraulically to separately test various forma 
tions without removing the apparatus from the well bore. 

Various other objects, features and advantages of the 
present invention will be apparent from the following 
description of a presently preferred example thereof, 
given for the purpose of disclosure, and taken in con 
junction with the accompanying drawings, where like 
character references designate like parts throughout the 
several views, and where 
FIGURE 1 is a side view, partly in section, illustrating 

a formation tester according to the invention shown in 
position as it is being run into or out of a well bore, 
FIGURE 2 is a view similar to that of FIGURE 1 

illustrating the tester in sample-receiving position with 
the sampler being removed to the surface, 
FIGURE 3A is an enlarged, elevational view, in sec 

tion, illustrating the upper portion of the tester as it is 
being lowered into the well bore, 
FIGURE 3B is a view similar to that of FIGURE 3A 

but represents a continuation thereof showing the lower 
portion of the tool, 
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FIGURE 4A is a view similar to that of FIGURE 3A 

but illustrates the tester in sample-taking position, 
FIGURE 4B is a view similar to that of FIGURE 4A 

illustrating the lower portion of a tool in sample-taking 
position, 
FIGURE 5 is a cross-sectional view taken along the 

line 5-5 of FIGURE 3A, 
FIGURE 6 is a cross-sectional view taken along the 

line 6-6 of FIGURE 3A, 
FIGURE 7 is a sectional view, in elevation, taken 

along the line 7-7 of FIGURE 3B, 
FIGURE 8 is a cross-sectional view taken along the 

line 8-8 of FIGURE 7, and 
FIGURE 9 is a cross-sectional view taken along the 

line 9-9 of FIGURE 3A. 
Referring now to the drawings, and particularly to 

FIGURE 1, the formation tester is generally designated 
by the reference numeral 18 and it is lowered into the 
well bore 2 by means of an operating string of pipe 14 
extending to the surface, not shown. 

In general, the tester 10 includes a body portion 16 
provided with the formation engaging means or testing 
shoe 18 disposed adjacent its lower end which is moved 
hydraulically into engagement with the formation to be 
tested as hereinafter described. 

If desired, a sampler or other sample taking assen 
bly 20 is provided which is seated in the body 16 to 
receive the sample of pore content from the formation, 
such as indicated at 22 (FIGURE 2). The sampler 
20 is provided with a head 22 so that it might be en 
gaged by the overshot 24 and retrieved to the surface 
by means of the wire line 26. 

Referring now to FIGURE 3A, the Iowermost section 
of operating string 14 is threadedly secured to the gen 
erally tubularly shaped sleeve 25 which is slidable and 
rotatable in the upper end of the body 6. The sleeve 
25 has a generally cylindrically-shaped groove 27 which 
serves as a keyway for the key 28 Secured to the upper 
portion of the body 46 for the purpose of permitting 
limited axial and rotational movement of the sleeve 25 
relative to the body E6 for the purpose of placing the 
tester in and out of sample taking position as later de 
scribed. 

Slidably disposed in the sleeve 25 is a valve seat 30 
for receiving and seating the annular valve 32 adjacent 
the lower end of the sampler 20. The slidable seat 30 
is yieldingly held in an upward position by means of 
the coil spring 34 engaging the lower end 36 of the valve 
seat 30 and the upwardly facing shoulder 38 at the inner 
lower end of the sleeve 25. 

In order to provide hydraulic pressure for actuating 
the testing shoe 18, as will be described in more detail 
later, an annular passage 40 is provided in the inner 
passage 42 of the sleeve 25, which annular passage 40 
is connected to the drillied passages 44 which are con 
nected to the pipe members 46 at their lower ends. 

It is noted that the upper portion of the body 16, in 
effect, comprises a sleeve member 48 to slidably receive 
the lower end of the sleeve 25 and includes the drain 
hole 50 so that fluid may enter and be ejected from the 
sleeve like portion 48 of the body member 16 as the 
sleeve 25 is manipulated therein. 

Referring again to the sample container 20, there is 
threadedly or otherwise secured to its lower end a man 
drel 52 which has a reduced diameter portion 54 adjacent 
its upper end to slidably receive the spring pressed latch 
56 disposed in the sleeve 25. The latch 56 is so arranged 
that as the sleeve 25 is moved downwardly into the upper 
portion 48 of the body 16, the plunger 58 is forced in 
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wardly and held there in the reduced diameter portion 54 
to Securely latch the sampler 20 in position. 
As previously mentioned, the mandrel 52 includes the 

downwardly facing annular valve 32 which seats against 
the valve seat 30 in the sleeve 25. There is also pro 
vided a generally tubular shaped nassageway 60 which is 
slidably secured in the mandrel 52 of the sampler 29 and 
which is releasably held in position therein by means of 
the spring-loaded latch 62. The latch 62 is yieldingly 
held in the notch 62a of the sample passageway or tube 
60. This serves to keep the valve 97 of the sampler 20 
in closed position when going into or coming out of the 
hole to prevent contamination of the sample. The lower 
end of the passageway 60 has the seating element 63 
and includes the coil spring 64 bearing between the seat 
ing element 63 and the lower end of the passageway 60 so 
that the passageway 60 will return to the position illus 
trated in FIGURE 3A after a test so that the valve 97 is 
again latched in closed position. 
A valve member 65 is rotatably disposed in the cen 

tral portion of the body 6 and includes a series of open 
ings for receiving the projecting pipe members 46, pas 
sageway 60 and seating element 62. To this end, the 
generally axially extending passages 66 and 63 are pro 
vided to slidably and sealingly receive the pipe members 
46, passageway 60 and seating element 62, respectively. 
The intermediate portion 67 of the body 16 has the 

passages 70 communicating with the openings 66 to apply 
and release hydraulic pressure in the pipe members 46, 
which passages 70 are connected to the hydraulic passage 
72 which is connected by the hydraulic passages 74 and 
flexible hose 76 to the hydraulic actuating means 78 (as 
best seen in FIGURE 7) which actuates the testing shoe 
18 as presently described. 
Thus, a hydraulic pasageway is formed so that hy 

draulic fluid, such as drilling mud and the like, in the op 
erating string 14 may be pumped along a passage be 
tween the sleeve 25, into the annular passage 40, drilled 
passages 44, pipe members 46, openings 66, passages 70, 
72 and flexible hose 76 into the hydraulic actuating means 
78, the detailed functioning of which will be described 
later in connection with the operation of the tester. 
The valve member 65 is rotatably secured in the inter 

mediate portion 67 of the body 16 by the pin 69 which 
is received in the annular slot 71 so that the valve mem 
ber 65 may be rotated for the purpose of bringing the 
passage 86 into and out of engagement with the sample 
taking passage 88 drilled in the intermediate portion 67 
of the body 16. As shown in FIGURE 3A, when going 
into the hole, this passage is closed by the spring pressed 
ball 90 seating against the upper end of the passage 88. 
The sample passage 88 is connected to the sample 

passage 89 which, as best seen in FIGURE 3B, is con 
nected to a pipe member 90 which slidably extends into 
the opening 91 of the tester shoe 92 of the tester assem 
bly or formation engaging means 18. 
The tester shoe 92 has a series of ports or openings 93 

which communicate with the passages 94 which, in turn, 
communicate with an annular and generally cylindrically 
shaped passage 95 which opens into the passage 91 by 
means of the ports 96. Thus, content from the forma 
tion being tested enters the ports 93, passes through the 
passages 94, passage 95, ports 96 into the passage 91, tube 
90, passage 89, passage 88 (FIGURE 3A), passage 86, 
when in sample taking position, into the interior of the 
mandrel 60, through the ports 60a, when the valve 97 is 
in an upward position, into the interior of the sample 
container 29. 

Referring again to FIGURE 3B, the hydraulic actuat 
ing means for moving the testing shoe 92 includes a pis 
ton rod 98 pivotally secured by the pivot connection 99 
to the lower end 100 of the lower portion 10 of the 
body 16. The piston rod 98 is hollow and has the passage 
102 extending to its upper end, which passage is con 
nected to the hydraulic line 76. The upper end of the 
piston rod 98 is provided with a piston 102 which is mov 
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4. 
ably disposed within the piston cylinder 103 in the shoe 
92, a portion of which is surrounded by the generally cy 
lindrical passage 95, as previously described. 
The testing shoe 92 is movably disposed in the lower 

portion i81 of the body 16 and includes an inclined slide 
surface 64 which slides against the cooperating inclined 
guide surface 165 so that as the testing shoe 92 is moved 
upwardly it will be moved outwardly into engagement 
with the wall of the well bore and when it is lowered, 
it will be retracted from engagement with the well bore. 
This upward and downward movement is provided by 
means of applying hydraulic pressure to the interior pas 
sage 102 of the piston rod 98 which causes the cylinder 
103 and thereby the testing shoe 92 to be elevated and 
expanded as illustrated in FIGURE 4B and, upon release 
of the hydraulic pressure and a slight upward movement 
of the body 16, the testing shoe 92 is moved downwardly 
relative to the lower portion 1C of the body 16 and 
thereby retracted. 
While not shown, of course, if desired, the testing shoe 

92 could be splined or keyed to the inclined guide surface 
i04 for strength and stability although satisfactory results 
have been obtained by the arrangement illustrated. 

It is noted that all the parts are suitably packed off 
and no detailed description thereof is deemed necessary 
as any suitable and desired packing arrangement may be 
utilized to pack off the various parts where necessary or 
desired. 

In operation the tester 10 is lowered into the well bore 
(FIGURE 1) by means of the operating string 14 with 
the parts in the position illustrated in FIGURES 1, 3A 
and 3B. The sampler 20 is in position as illustrated in 
these figures or it may be lowered into position later. 
When it is desired to test a particular formation, pump 

pressure is applied to the fluid within the operating String 
14. This causes fluid under pressure to be forced into the 
hydraulic passageway formed in the operating string 14, 
along the passage between the sleeve 25, into the annular 
passage 40, drilled passages 44, pipe members 46, open 
ings 66, passages 70, 72 and flexible hose 76 into the 
hydraulic actuating means 78 which includes the internal 
passage 102 and the piston rod 98. This causes the 
formation engaging means or testing shoe i8 to move 
upwardly and engage the side of the well bore as best seen 
in FIGURE. 2. At the same time the fluid pressure in the 
operating string 14 acts against the top of the sampler 20 
causing a downward movement of the sampler 20 relative 
to the sleeve 25. Thus, the formation engaging means 18 
has engaged the side of the well bore and the operating 
string can then be lowered causing a downward move 
ment of the sleeve 25 relative to the body 16 since the 
body 6 is now fixed against movement. 

With the downward movement of the sampler 20, the 
mandrel 52 and its key slot 54 is moved downwardly so 
that the plunger 58 of the latch 56 will move into this key 
slot as the sleeve 25 moves downwardly into the upper 
portion 48 of the body 16. This locks the sampler 20 
in the sleeve 25 as best seen in FIGURE 4A. Also, the 
spring-pressed latch 62 is moved out of the notch 62a So 
that the mandrel or valve stem 69 is moved upwardly 
unseating the valve 97 so that a sample can be obtained 
in the sampler 20. 
When the testing shoe 92 has engaged the wall of the 

formation 22, as illustrated in FIGURE 2, the body 16 is 
fixed from rotation. The operating string 14 is then 
rotated 180° which puts the parts in the position illus 
trated in FIGURE 4A. This rotation serves to open the 
valve member 65 bringing the passage 86 into alignment 
with the sample passage 88 so that sample from the forma 
tion 22 flows up into the sample container 20, as previ 
ously described. 
When a sample has been obtained, preferably the parts 

will be rotated back 180 to close off the sample passage 
88 and then the sleeve 25 may be elevated by raising the 
operating string 14 so that the latch 56 is released and 
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the latch 62 is re-engaged in the notch 62A to lock the 
valve 97 in closed position to avoid contamination of the 
sample obtained. As best seen in FIGURE 2, an over 
shot 24 may be lowered into the operating string 14 to 
engage the head 22 of the sample container 20 and 
remove it to the Surface for the purpose of analyzing or 
inspecting the sample. 

If desired, the tester may remain in set position while 
the sample is analyzed at the surface or it may be released 
by merely releasing the hydraulic pressure and raising the 
tester slightly to permit the testing shoe 92 to retract. 

If desired, another sampler, such as the sampler 20, 
may be lowered into the tester in position as previously 
described and a further test made of the same forma 
tion or another formation in the well bore. This may 
be accomplished as many times as desired and the forma 
tion tester then removed from the well bore. 

Also, if desired, fluid may be pumped from the interior 
of the operating string to clean out the testing ports or to 
clean the wall cake from the well bore before taking a 
sample. 
When bringing the tester out of the well bore, in order 

to avoid pulling a wet string, the parts may be rotated to 
the position shown in FIGURE 4A so that the passages 86 
and 88 are in alignment so that fuid may drain out of the 
interior of the operating string 14 out the testing shoe by 
reverse flow in the sample passages. 

It should be noted that while the sample container 20 
is advantageous, if desired, this may be omitted so that a 
flow test may be made from the formation through the 
testing shoe 92, the sample passages previously described 
into the interior of the body 16 and on up the operating 
string 14 to the surface. Also, while a valve operable by 
rotation is presently preferred to close the sample pas 
sages, obviously, any type of valve may be utilized for 
example the valve arrangement illustrated in United States 
Patent No. 2,688,369 or, in some cases, the valve may be 
omitted entirely or placed somewhere else in the operating 
string. 

Also, of course, the hydraulic actuated formation en 
gaging means or testing shoe may be utilized with other 
types of formation testers, it only being necessary to 
provide means by which hydraulic pressure is applied to 
the piston and cylinder arrangement for moving the shoe 
for expanding it and retracting it into and out of engage 
ment with the wall of the well bore. 

In some instances, it may be desirable to provide an 
additional or additional wall engaging elements or shoes 
which are also set hydraulically. For example, a dummy 
shoe similar to the shoe 18 may be provided to center the 
tester or to permit the same tester to be operated in 
Various-sized well bores, in which event, the travel of the 
formation engaging means or shoes may be varied to fit 
the circumstances. 
The present invention, therefore, is well suited and 

adapted to attain the ends and objects and has the features 
and advantages mentioned as well as others inherent 
therein. While only presently preferred embodiments 
of the invention have been given for the purpose of dis 
closure, numerous changes in details, construction and 
arrangement of parts may be made which are within the 
spirit of the invention as defined by the scope of the ap 
pended claims. 
What is claimed is: 
1. An apparatus for testing a well hole when attached 

to a string of pipe comprising, a body, formation engag 
ing means movably carried by the body, said formation 
engaging means movable into and out of engagement with 
a wall of the well bore, hydraulic means for moving said 
formation engaging means into said engagement with the 
Wall, said hydraulic means including a cylinder, a piston 
movable in the cylinder, one of said piston and cylinder 
connected to said body and the other to the formation 
engaging means, hydraulic passage means in the body 
communicating the piston and cylinder with the interior 
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6 
of the pipe so that hydraulic pressure in the pipe is ap 
plied to the piston and cylinder for moving the formation 
engaging means, a valve member connected to said pipe, 
said valve member rotatable in the body, said valve mem 
ber, body and formation engaging means provided with 
sample taking passages, the end of said passages in the 
rotatable valve member and the body being adjacent each 
other and being axially eccentric whereby said passages in 
the valve member and body are movable into and out of 
communication with each other upon rotation of the valve 
member relative to the body by the pipe. 

2. A tester for testing a well hole when attached to a 
string of pipe comprising, a body, an inclined guide sur 
face on the body, a testing shoe movably mounted on the 
guide surface, movement of the testing shoe on the guide 
surface moving it out into and away from engagement with 
a wall of the well bore, a cylinder, a piston rod provided 
with a piston movable in the cylinder, one of said cylin 
der and piston rod connected to the body and the other 
to the testing shoe, said body provided with a hydraulic 
passage connecting the piston and cylinder to the interior 
of the pipe, a sleeve rotatably and axially movable in the 
upper portion of the body, connecting means on said 
sleeve adapted to connect said sleeve to said pipe, a valve 
seat in the sleeve, a sampler disposed in said pipe and 
extending into said sleeve, a valve on the sampler adapted 
to seat on the valve seat in the sleeve, latch means on the 
sleeve engaging the sampler on downward movement of 
the sampler relative to the sleeve and on downward move 
ment of the sleeve relative to the body, a valve member 
rotatably disposed in the body below the sleeve, said 
valve member and testing shoe having sample passages 
normally out of engagement but movable into engage 
ment on rotation of said valve member, and means con 
necting the sleeve and the valve member so that rotation 
of the pipe imparts rotation to the sleeve and to the valve 
member. 

3. A formation tester for testing a well hole when at 
tached to a string of pipe comprising, a body provided with 
a sample taking passage, a sleeve having a passageway, 
said sleeve slidably positioned in and connected to said 
body, thread means on said sleeve for connecting said 
sleeve to the pipe, a sampler slidably positioned in said 
sleeve passageway, releasable interlocking means on said 
sleeve and said sampler releasably interlocking said sam 
pler with said sleeve when the sampler is moved down 
Wardly relative to the sleeve, said sampler having a fluid 
chamber, valve mean connecting the sampler chamber in 
fluid communication with the body sample taking pas 
Sage, said valve means being actuated on relative move 
ment between the sleeve and the sampler, formation 
engaging means movably carried by the body, said forma 
tion engaging means movable into and out of engagement 
with a wall of the well bore and provided with a sample 
taking passage interconnected with the body sample tak 
ing passage, hydraulic means for moving said formation 
engaging means, said hydraulic means including a cylin 
der, a piston movable in the cylinder, one of said piston 
‘and cylinder connected to said body and the other to the 
formation engaging means, and hydraulic passage means 
communicating the piston and cylinder with the pipe 
whereby hydraulic pressure in the pipe is applied to the 
piston and cylinder for moving the formation engaging 
aS 

4. A formation tester for testing a well hole when at 
tached to a string of pipe comprising, a body provided 
With a sample taking passage, a sleeve having a passage 
Way, Said sleeve attached to said pipe and slidably posi 
tioned in and attached to the body, a sampler slidably 
extending in Said sleeve passageway, releasable interlock 
ing means on said sleeve and said sampler releasably 
interlocking said sleeve to the sampler when the sampler 
is moved downwardly relative to the sleeve and the sleeve 
is moved downwardly relative to the body so that the 
body contacts and actuates the releasable interlocking 
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means, said sampler having a fluid chamber, valve means 
connected to the sampler and in fiuid communication 
between the sampler chamber and the body sample taking 
passage, said valve including a valve closure member and 
a valve seat, one of which is stopped against the sleeve 
whereby the valve is opened on downward movement of 
the sampler relative to the sleeve, formation engaging 
means movably carried by the body, said formation 
engaging means movable into and out of engagement with 
a wall of the well bore and provided with a sample 
taking passage interconnected with the body sample tak 
ing passage, hydraulic means for moving said formation 
engaging means, said hydraulic means icnluding a cylin 
der, a piston movable in the cylinder, one of said piston 
and cylinder connected to said body and the other to the 
formation engaging means, and hydraulic passage means 
communicating the piston and cylinder with the pipe so 
that hydraulic pressure in the pipe is applied to the piston 
and cylinder for moving the formation engaging means. 

5. The invention of claim 4 wherein the sleeve is rotat 
able in the body and including a rotary valve, said valve 
connected to said sleeve and rotatable in said body and 
having a sample taking passage, said rotary valve being 

5 

10 

15 

20 

8 
in fluid communication between the sample taking passage 
of the body and the fluid chamber of the sampler, one end 
of said rotary valve sample taking passage being axially 
eccentric, and one end of the body sample taking passage 
being axially eccentric. 

6. The invention of claim 3 wherein the sleeve is 
rotatable in the body and including a rotary valve, said 
valve connected to said sleeve and rotatable in said body 
and having a sample taking passage, said rotary valve 
being in fluid communication between the sample taking 
passage of the body and the fluid chamber of the sampler, 
one end of said rotary valve sample taking passage being 
axially eccentric, and one end of the body sample taking 
passage being axially eccentric. 
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