Aug. 27, 1957

Original Filed Dec. 22, 1950

%

N

N

. 4
N

S

<
eSS

>

<

4%
N
%
A
70—
& 3
D
G
30 — 4
K
¢
\\
3
¢
\
i
4
4
34
y
,\
4
2
/5
/8

- < G
N S NS G S ISEAS

S

SRS

S SNE S NS IS PN N

S 2
Y a—
&
% P
3 I \
7
a A

NN XN NS NN AN

<

S

y

X D

% B

N N7
DN P -
Y, A
/, >A

/110
32

36

/0

26
34
22

38

L. H COMSTOCK
EQUALIZING AND CONTROL VALVE

3 Sheets-Sheet 1
= V4 M V74
| a 42 A2
.
1 |
__I.. P
‘ 40 S ) — 64
N — a6
58 i
‘ 84 _— 1 lBd—
; > \56 I$ ‘
45 — . % . 1
‘ 28 H N s
23— 2 AN
‘ V-
T 46 \
4~ 20 — | \‘
L I | -
—"\ g 'mmm ' gy
~ ™92 02 1 [Raly— ¢
‘lll ‘ <4 W NS S
l* 1 ot — ZO - 84
102~ ‘
L e N J— &6
7 B <7 9 Bt ¢
.g" ‘f!! . % 4
60— h ‘E‘ | 32 i A 60
VIR |
B 1
34 [ 3 86
‘ | [4—36 2. 04
| .y
HE
! &8
‘ AT /84
== &6 N
2 = |||} g2
| 7 ) [ 14
l SO —> i /
. I-/4 i
-4 M) 4 7#
X Q AR ‘.‘.‘“.:} 9/
o IR P
75— l“\/ % i E o4
] 0 22— N
73 /7“ w””',‘ . : = ! =4
1| I NS -
A 76 86 L TR %%
78— g 27 35_,_ i l/\j 35
or N ¥, I
N Al I
60— Tl—" s 7 —
| ‘
I I
1] R Les/ie H. Comstock
g" AN INVENTOR. -
BY W‘%W
] 38 »
—~tq - .

Re. 24,352

ATTORNEY .




L. H. COMSTOCK Re. 24,352

EQUALIZING AND CONTROL VALVE

Aug. 27, 1957

Original Filed Dec. 22, 1950

3 Sheets-Sheet 2

8¢

INVENTOR.

R R R ﬁ
LA _
i NN
ﬁ& ﬂ [€CNNNBIDDDDD.N o
_ PPN 277 kﬂs

[ &N * B IPDPBD] ..u.\l.n”,.:,,
|4 7 \

o M m

70
' —
les/ie H. Comstodk

g.vVVVuAAAAh

NNASNNNNN

AT TORNEY



Aug. 27, 1957 L. H. COMSTOCK Re. 24,352
EQUALIZING AND CONTROL VALVE
Original Filed Dec. 22, 1950 3 Sheets-Sheet 3

%yf 7 — 70

N
\ﬁ Vi ) - 76
e
i
N N A
/}-0 N -9/ i
90 = H} {17 s |
—> ”%z:?ﬁ
fo—/*é , N~ 2/
72 —r a — 25"
' H—— 7
I
A
- 568 , ‘ Eg&?
N1
| A AN
‘ | 1 Dggr
\—/4 48

Zeo‘//é H. Comstock
" INVENTOR.

BY M—% U it

AT TORNEY .




United States Patent Off

Re. 24,352
Reissued Aug. 27, 1957

1ce

1
) 24 352
EQUALIZING AND CONTROL VALVE .

Leslle H. Comstock Houston, Tex.

Original No. 2,690,226, dated September 28, 1954 Serial
Neo. 202, 260 December 22, 1950. - Appllcatlon for re-
issue Apnl 3, 1956 Senal No 575, 920

13 Claims. (Cl 166-145)

Matter enclosed in ‘heavy brackets [ 1 appears in the
origmal patent biit formis ‘no part 'of this reissue specifi-
cation;. matter printed in italics indicates the additions
made by reissue.

This invention relates to equalizing and control valves
and more partxcularly to a.valve arrangement su1tab1e
for use in drill pipe or the like in oil wells. .

In. the drlllmg of oil wells and the like it is customary
to, seal off a potential producing formation.in order to
obtain a.sample of the fluid of the formation and.to
obtain a “shut-in” or “closed-in” pressure reading of the
formatien. . Conventionally, a packer or ‘packing means
is- set_above the potential producing formation to pack
off the upper end of the bore hole to prevent hydrostatic
fluid from above entering the formation or the testing
means. employed. :

In the testing of such formatlons 1t is often dlﬁicult
to equalize the pressure above and. below the packer in
order to free the packer and to provide valve means
which assure the operator of obtaining the closed pressure
of the formation being tested.. . -

‘It is an object of the present invention to prov1de a
suitable valve arrangement which may be operated by
manipulation of the drill stem or conduit to which it is
connected and. whlch is capable of performmg various
filnctions, such as, ehevxng the pressure. beneath . the
packer when it is being placed in position, enabling a test
sample of the. particular. formation bemg tested to.be
obtained and providing a valve closure in order that the
closed in pressure of the formation may be obtained prior
to equahzmg the pressure above and below the packer:

1t is a particular object of.the present invention to pro-
v1de a valve assembly which will. equalize the. pressure
above and _below. the ‘packer .but yet. will provide .a
closiire prior to equahzmg the . pressure after the sample
has beén obtained in order that a closed formation pres-
siire may be obtained.

It is yet a further object and feature of the. present
invention to provide a valve assembly which has a time
lag between the closing of the.valve adapted to permit
formation fluid to flow into the sample receiving chamber
or conduit and the opening of the equalizing valve ‘where-
by a shut-in pressure of the formation being tested is
automatlcally obtained.

It is yet a further object: of the present mventlon to
provtde a_control and equalizing valve assembly which
is simple and rugged in use and which omits many of
the elements of conventional valves now in use.

‘A feature .of the invention is the provision of a con-
trol valve which opens only after the tool has ‘been set
thereby preventing drill fluid from entering the sample
conduit or chamber and thereby eliminating the usual
dis¢ valve for this purpose.

A further feature is_the provxsxon of automatlc ]arrmg
means to a1d in unseating packing elements used in oil
well testing and the like.
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Other and further objects and advantages resule in
certain novel features of the arrangement and construc-
tion ‘of parts-as will bé apparent from: the followmg de-
scription - taken in. connectxon with the accompanymg
drawing, in which— -

. Fig. 11s.a view in side elevatlon of apparatus illustrat-
mg the principles of the invention, the arrangement ‘illus-
trating. equalizing and. conirol valves in connection with
a typxcal formation tester assembly, ‘

‘Fig. 2 is.a side view, parually in section, 111ustratmg
the equalizing and control valves ‘a§ the devxce is lowered
into a ‘well bore,. e

_Fig. 3 is similar to. Fig. 2 but 1llustrates the valve
assembly in position for taking sample ﬂuxd from ‘the
formation being ‘tested, :

Figs. 4,5 and 6 are enlarged side elevatlons in section
better 1llustratmg the embodiment of Fig. 2 and

. Figs. 7-10, inclusive, are ‘cross-sectional views faken
alo_ng corresponding ‘section linés of Figs. 4 and 6, and

Fig. 11 illustrates a modification of valve frieans which
may be wtilized in the valve assembly.

" Referring now to the drawings, where like character
references designate. like ‘parts throughout the Several
views, and :particularly to. Fig.. 1, the assembly there
ShOWn includes. the. equalnzmg and ‘control valve assembly
10, secured at its upper end to-the string of pipe 12 €x-
tending up to the surface (not shown), and connected at
its lower end to a typical.© rat-hole” ‘packer 14, which in
turn is secured to a conventional pressure recordmg de-
vice 16 and a perforatéd section of pipe 18 by which
sample -fluid from the formation being tested may be
obtained
- The. assembly mdlcated is typlcal and is illustrated for
the purpose. of disclosure. . Any type-of conventmnal
packer or packing means may be utilized, such as a
“hook-wall” packer and any conventional pressure record-
ing means may be utilized. For -example, a pressure
recordmg device 1llustrated in Patent No. 2,078,623, is-

and- the- formatlon tester may be such as that dxsclosed
in the U. S.-patent to Moore, No. 2,189,919, dated
February 13; 1940, entitled “Method and Apparatus for
Formation . Pressure . Testing.” Manifestly, the forma-
tion tester and packmg assembly may be of any known
type.

Referrmg now more partlcularly to my novel equallzlng
and control valve assembly, and: with partlcular refer=
ence to Figs. 2, 4, 5 and.6 the valve assembly is made
up. of two major elemeiits, an upper valve element 20
and a Iower valve element 22.. The upper 20 and lower
22 valve elements each include tubular piston chambers
24 and 26 respectively, which are closed at their upper
ends by the submembers. 28 and 30, respectively, and are
closed at their lower ends.by. the closure. members 32
and 34, respectively. . As illustrated, these.elements ] may
be threadedly secured togethér in the usual and customary .
manner.

Threadedly secured to the lower ends of the closure
members 32 and 34. of . the piston. chambers 24 and 26
are the tubular runout. chambers, 36 and 38, respectively.
;l‘he function of these runout chambers w111 be apparent
ater..

In order. that the valve assembly mlght be mampulated
from the. surface by means of the. string of pipe.12, a
mandrel 40 is threadedly secured at its upper end. to the

. coupling 42, which in turn is threadedly secured to the
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string- of pipe 12-in-the customary manner.
lower end of the mandrel 40 the keys 44 are provided to
move in the keyways 46 of the upper tubular clement 28
of the upper valve element 20. The keys 44 are defined
by the flattened sides of the enlargement 43 which stops
against the inwardly projecting circumferential flange 45
of the upper submember 28. Immediately below the
keys or splines 44 the mandrel 40 is turned down, as in-
dicated by the numeral-48 and has secured thereto the
piston 50, the mandrel extending therebelow through the
upper piston chamber 24 and into the closure member
32. As better seen in Figs. 4 and 5, the mandrel 40 and
its turned down portion 48 are provided with a central
passage 52 therethrough which is in communication with
the passage 54 of the coupling 42 which in turn is in
communication with. the interior passage 56 of the string
of pipe 12. The lower end of the turned down portion
48 of the:mandrel 40 is closed by the threaded plug 58
and - disposed proximate the lower end thereof are the
lateral ports 60 which are in communication with the
central passage 52 of the turned down portion 48 of the
mandrel 40. S

The lower valve element 22 is similar to the upper
valve element 20 and has the upper end. of the mandrel
70, which extends from the upper end of lower valve ele-
ment 22, threadedly secured to the lower portion of the
runout chamber 36. The mandrel 70 is substantially
identical to the mandrel 40 and has the keys 74 slidable
in the keyways 76 of the upper submember 30 of the
lower valve element 22 and has the turned down portion
78 immediately therebelow extending substantially
through the lower valve .element 22. The keys 74 are
defined by the flattened sides of the enlargement 73 which
stops - against the inwardly projecting circumferential
flange 75 of the lower sub 30. A piston 80 is secured
to the turned down portion 78 of the mandrel 70 and.the
turned-down portion 78 continues and is adapted to move
into the runout chamber 38. Thus the mandrel 70 and
its continuation 78 is slidable through the lower valve
element; however, the lateral ports 82 provided in the
mandrel 70 are open to the well bore when the tool is
being lowered into or raised from testing position.

As better illustrated- in Fig. 6, the lower end of the
turned down portion 78 of the mandrel 70, here illus-
trated as an additional ‘threaded member to the lower

end of the mandrel 70, is not plugged, but is open and’

fluid may circulate through the lateral ports 82 out
through the apertures in the section of pipe 18 in order that
drill fluid may circulate past the packer and formation
testing means. ‘Thus, a swabbing.action is avoided and
the pressure above and below the packer is equalized.
The upper ends of submembers 28 and 30, and the
lower ends of the closure members 32 and 34 are coun-
terbored, all as indicated by the numeral 84 and con-
ventional packing 86 and a gland ring 88 are utilized to
provide an effective seal for these members, which com-
prise in effect stuffing boxes. The stuffing boxes illus-
trated are all substantially the same except that the
stuffing box in the lower end of the closure member 32
is extended with respect to the others. This is best seen
in Fig. 5 and the extended stuffing box is provided in
connection with the lateral ports 60 for a purpose which
will be apparent later. Packing is provided at the lower
ends of the piston chambers 24 and 26, the packing here
illustrated as C-cups 90. It is noted that the C-cup 90
disposed at the lower end of the piston chamber 24 ex-
tends upwardly and the C-cup 90 disposed at ‘the upper
end of the lower piston chamber 26 extends downwardly.
These C-cups are positioned in this manner inasmuch as
the valve action in the upper and lower chamber is re-
versed. A junk ring 91 may be provided in connection
with the lower C-cup to provide the required support for
the cup. C o B
Referring now more particularly to the pistons 50 and

At the

4

80 positioned in the piston chambers 24 and 26, these

- pistons are formed of resilient material or rubber .and the

10

15

piston 50 is downwardly and outwardly diverging and
terminates in a substantially circumferential head 92.
The lower piston 80 is upwardly and outwardly diverging
and terminates in the upwardly facing circumferential
head 94. Each piston is drilled and tapped and has the
removable orifices or chokes 96 threaded in their heads.
Each piston chamber is drilled and tapped, as at 98 in
order that the chambers may be provided with hydraulic
oil or fluid, the threaded openings 98 normally being
closed by the threaded plugs 100. Thus, as the upper
piston 50 moves downwardly its downward movement
will be relatively slow inasmuch as the rubber piston is
expanded against the piston chamber walls; whereas,
when it moves upwardly its upward movement will ‘be fast
in relation to its downward movement inasmuch as the

. rubber piston is compressed because it diverges down-

20

wardly and outwardly. In order to insure a fast initial
upward movement, the compression spring 102 is disposed
in the lower end of the upper piston chamber 24. The

.. movement of the lower piston 80 is the reverse of the
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movement of the upper. piston 50.. Thus the downward
movement of the lower piston 80 will be fast with respect
to the upward ‘movement of this piston. For reasons
which will be apparent later, a plurality of vertical grooves
or recesses 101 to permit the bypassing of hydraulic fluid
is disposed near the upper end of the lower piston cham-
ber 26. ' :

* As illustrated in Fig. 11,-as an alternative embodiment,
a. piston ‘104 may be employed in lieu of the tapered
pistons - illustrated. The piston -104 is. illustrated -with
the check valve assembly 106 and, in the event such a
valve is used, the upper valve would have the check valve
as illustrated in Fig. 11 and, the lower valve would have
the check valve in an inverted position to that of the
piston illustrated-in Fig. 11. In other words, any suitable
valve means may be utilized which will' provide a- rela-
tively slow downward movernent with respect to the up-
ward. movement -of - the upper valve 50, and a relatively
fast  downward movement with respect to the upward
movement of the lower valve 80, Tt is essential, in order
to obtain a closed in pressure reading of a formation, to
close the control valve and thereafter open the equalizing
valve, : : v BT

To seat and remove a packer and obtain a sample of
the formation fluid and the shut-in or closed-in pressure
of the formation with the apparatus just described, the
operation may be as follows:

The assembly may be lowered into the well bore 110 as
illustrated in Fig. 1. In lowering the apparatus info the
well bore the elements of the valve assembly will be in
the position indicated in Figs. 2, 4,5 and 6. That is, upper
and lower valve elements 26 and 22, respectively, will be
hanging or suspended from the mandrels 40 and 70 by
means of the enlargements 43 and 73 engaging the flanges
45 and 75 at the upper ends of the sub members 28 and
30.- Thus, the ports 60 will be in the upper end of the
packing 86 and the ports 82 will be in ‘communication
with the hydrostatic pressure of the well fluid in fthe
well bore 110. Thus as the apparatus is lowered into
the well bore, the drill fluid may circulate through the
apertures in the section of pipe 18 through a passage in
the tester and packer on up through the central passage
in the turned-down portion 78 and the lower mandrel
70, out through the apertures 82 in the formation. Thus
a swabbing action is prevented ‘and the apparatus may
be lowered readily into a well bore having drill fluid-
therein.

In the event an obstruction is encountered in lowering
the assembly into the well bore, the upper valve element
20 will not be prematurely opened in view of the slow
downward movement of the piston-50 in the upper pis-
ton chamber 24, This prevents contaminating fluid from
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the cIosmg of the lower valve elernent and thHe opening ‘of
the upper valve €lement is sat1sfactory, although other
perlods of lag may be provrded as desired, By this con-
strucfion the ordmary disc valve is omitted.

. Assummg fiow that the arrangement is lowered to the
desired posmon at which ‘a test is to beé _taken and, as
1llustrated in Fig. 1, the rat hole packer 14 Has entered
afid s ‘séating on the upper portion of ‘the rat-hole: 112
the downward movement of the assemb iil be stopped
In pressing the packer into posmon in the rat-hole,
downward forde. will Be trafismitted by ‘means of the

§tring of pipe 12 downwardly through fle ‘fiandrél ‘40 i,

afid the mandrel 70

."A% ‘indicated heretofore, the dowriward travel ‘of the
piston 50 will be rélatively slow and its ‘downward travél
will be metered by ‘the hydrauhc floid -passing thr ugh

the removable orifice or clioke 96. The downward avel

of-the mandrel 70 will be relatlvely fast and the ‘por
will rapidly iove into the packiiig 86 thereby { -4
the ‘assembly 10 with respect to hydrostatic pressiire Hbove
the packer 14. Thus there is ‘a time lag bétween the
fiiovements of the mandrels 40 and 70 thereby pérmitting
the ‘packer to be set'in séalinig” engagement Wwith the walls
of the rat-hole béfore the ports 60 miove ifito the ruiotit
¢hamber 36,

. When the vilve assembly is in formatlon testmg posn-
thI‘l the elements will be in.the position illustrated in
Fig. 3. - Thus, ‘both pistonis 50 and 80 will ‘have miovéd
downwardly through théir ‘stroke and ‘the “apertiires 82
will “have ‘moved quickly ‘into the ‘packing 86. Subse-
quently, the apertures 60 will hove down out of thé pack-
ing 86 into ‘the funout chamber 36 at the lower end of
the ‘upper valve element 20 of the valve assembly. This,
a sample of the formatlon ﬁuxd is permltted to ‘enter the

the * pressure ‘reécording meanis afid packer into tHe central
passage 79 in the turned- down ‘portion 78 and the mandrel
70, thence into the runout chamber 36, through the apér-
tires 60 -and into the central passage 52 of the upper
mandrel 40, through the- ‘passage 54in the cotipling 42
and on up into the interior passdge 56 of the string of
mampulatmg pipe 12.

“After the desired sample of the “formation” ﬂmd ‘has
beén obtained and it is désired to release the packer, :
simple upward piill on the imanipulating string of “pipe
12 will raise the mandiels 40 and 70 and “the pistons 50
and-80 connected thereto. ‘Due tothe upwardly and 'in-
wardly tapering piston head 50, ‘the Upper ‘piston will
move upwardly rapidly thereby rapidly moving the ports
60 irito the packing or packed off ‘area 86 of the closure
miember 32 of the p1ston chamber 24. To assure ‘a fast
fnitial tpward movement of piston 50, the compréssion
spririg 102 has been’ provided. The upward movement of
the lower ‘piston 80 will be fnich slower than the upward
moveinent of the upper” “piston50, and thie Upward move-
ment of the lowér ‘piston 80 will be metered by the're-
movable orifice or choke 96 pos1t10ned therein, Thits the
ports 82 will be delayed from moving "ot of the packmg
86 in the upper portién ‘of the upper sub’ imember 30 of
the lower piston.chamber 26 and, inasmuich s the lower
énd of the turned-down-portion 48 of the mandrel 40 is
plugged ds indicated at 58, ‘the lower valve element 22
remains closed and a shut-in ‘or. ¢losed in pressure of ‘the
formation may be obtained by ‘the pressure recorder 16
Inasmiuch .as the upward. movement of ‘the piston 80 is
measuréd by the rate of flow of hydraulic fluid through
the removable orifice or choke 96, any desired time lag
may be obtained by. utilizing any desired size of choke.
Several minutes tinie lag has been fouind to be’ satisfactory
in. use, however,.in ordér to obtain a shut-in ‘pressure.
Thus, the travel of the lower piston 80°is metéred by the
measured escape “of “hydraulic vil “fiom "the ‘top of “the
pisfon ‘chambér 26 "to ‘the bottom thiough the ‘otifice 96

10

25

éo

35

40

60

) of packing assembly that is manipulated by a Jslot

or tt Bre !
and -provides a jarring action to ald in ‘releasing
packer Preferably, the jdrring takes place after the pres-
suré is equalized below and ‘above the- pa ker, and thatiic
festly, more pull on the manipulatihg string Will resilt il
4 ‘greatér jarring actio. When the ports 82 have moved
upwardly out of the packlng 86, the pressiire above afid
below ‘the packer 14 is equalized and fiirther upward
movement of the mampulatmg string of pipe 12 in i e
bination with thé jarring action of theé lowér valve
unseat the packer 14 and the dev1ce may be removed frota
the well boré.

may be unhzed in connechon with & “hook—wali” packer
sueh as shown in Flgs 4 and 5 of Patent No 2_073 107

rangement. Tnasmuch as the elemeénts 44 and 74
sphned and inferfit with the keyways 46 and 176, relati
rotation between the mandrels and the bodles of the
assembly is prevented of course, if de51red in us1
a tat-hole packer as 1llustrated here, the ‘splines may be
omitted. Howéver; it is preferable to have a valve as-
sembly which may be utlhzed either Wlth a bottom -
packer or a packer which ‘Tnay be set ‘&t any desired To-
cation in a well bore, s
Many ehanges may be made in the deta;lls of the a

and may be of any | eonvennonal conﬁ’
rapld movement is permlssrble m one
ured movement ‘is obtained 1
Morever, the splmes may b

srderably in its détails.
mandréls. haveé been ‘de
however, for ease of ass ) _
iip ‘of ‘several fhreaded elements, as iludfrated ‘in the.
drawrngs )
thle the control or upper valve assembty 20 ana

equalzzma Valve assemblies ds well as for other pul
which will suggest themselves to those skzlled in Ih

ventional testlng tools.  Morever, the operanon’
tool instires against fouhng of the tool and resultant mis-
leading indications to the operators, ‘érroneots conclus—
ions ‘or 1655 of thé test altogether. .

‘While only 6ne einbodiment of the 1nvent1""
and descrlbed herem it is ‘obvious, ‘thét va
anid uses tay be’ made without’ departlng f3

of the invention or the scope of the annéxed claims,
I claim:
1 A valve assembly adapted for use thh ‘a for

75

slxdably ertendmg ‘into the ‘piston "chamber and adapted
to be secured to and in fluid ¢ommunication with the fn-
terior of the strmg of ‘pipe, a first’ ptston on the mandrel
slidably - disposed in the first ‘piston chamber, a closad
run-out chamber corinected to the piston chamber ahrst.
stuffing box between the run-out chambéer and “thie “first
piston chiamber, the ‘lower portion of ‘the first fandsal
beitig slidably” dispGséd in"the stiffing box “when 'ihe ‘st




24,358

7

mandrel is in elevated position, ports on the lower por-
tion of the first mandrel establishing fluid communication
of the run:out chamber with the internal passage of the
first mandrel, said ports being disposed in the stuffing
box when the first mandrel is elevated whereby the first
valve is closed when the first mandrel is elevated, aud a
second valve including a second mandrel provided with
an .internal passage throughout its length and in fluid
communication with and extending from the run-out
chamber, a second piston chamber, said second mandrel
slidably extending into said second pisten chamber, a
second piston on the second mandrel slidably disposed
in the second piston chamber, a second stuffing box in
the upper end of the second piston chamber, ports in the
second mandrel . permitting fluid circulation through the
second mandrel and said last-mentioned ports, said last-
mentioned ports disposed above the second stuffing box
when the second mandrel is in elevated position where-
by the second valve is open when the second mandrel is
elevated, hydranlic fluid in each piston chamber, said first
and second valves including means operable in each of
said piston chambers for providing relatively slow down-
ward movement of said first mandrel and fast downward
movement of said second mandrel and relatively fast
upward movement of the first mandrel and slow upward
movement of the second mandrel whereby downward
movement of the first and second mandrels moves the
ports of the second mandrel into the second stuffing box
before moving the ports of the first mandre! out of the
first stuffing box thereby closing the second valve be-
fore opening the first valve, and whereby upward move-
ment of the mandrels moves the ports of the first mandrel
into the first stuffing box before moving the ports of
the second mandrel out of the second stuffing box thereby
closing the first valve for a predetermined time interval
before opening the second valve.

2. An equalizing and control valve assembly adapted
for use with a formation tester for testing oil wells and
the like and adapted to be secured to a string of pipe for
lowering into an oil well comprising, in combination, a
first valve including a first piston chamber, a first mandrel
having an internal passage closed at its lower end slidably
extending into the piston chamber and adapted to be se-
cured to and in fluid communication with the interior of
the string of pipe, a first piston on the mandrel slidably
disposed in- the first piston chamber, a closed run-out
chamber connected to the piston chamber, a first stuffing
box between the run-out chamber and the first piston
chamber, the lower portion of the first mandrel being

slidably disposed in the stuffing box when the first mandrel 3

is in elevated position, ports on the lower portion of the
first mandrel establishing fluid communication of the
run-out chamber with the internal passage of the first
mandrel, said ports being disposed in the stuffing box when

the first mandrel is elevated whereby the first valve is :

closed when the first mandrel is elevated, and a second
valve including a second mandrel having an internal pass-
age throughout its length and in fluid communication with
and extending from the run-out chamber, a second piston
chamber, said second mandrel slidably extending into
said second piston chamber, a second piston secured to
and slidably disposed in the second piston chamber, a
second stuffing box in the upper end of the second piston
chamber, ports in the second mandrel permitting circula-
tion of fluid through the second mandrel and the last-
mentioned ports, said last-mentioned ports disposed above
the second stuffing box when the second mandrel is in
elevated position whereby the second valve is open when
the second mandrel is elevated, hydraulic fluid in each
piston chamber, and means mounted on the first and
second mandrels and operable in the first and second
piston chambers for providing relatively slow downward
movement of said first mandrel and fast downward move-
ment of said second mandrel and relatively fast upward
movement of the first mandrel and slow upward move-
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8

ment of the second mandrel whereby downward move-
ment of the first and second mandrels moves the ports.in
the second mandrel into the second stuffing box before
moving the ports of the first mandrel out of the first
stuffing box thereby closing the second valve before open-
ing the first valve, and whereby upward movement of the
mandrels moves the ports in the first mandrel into the
first stuffing box before moving the ports of the second
mandrel out of the second stuffing box thereby closing the
first valve for a predetermined time interval before open-
ing the second valve,

3. An equalizing and control valve assembly adapted
for use with a formation tester for testing oil wells and the
like and adapted to be secured to a string of pipe for
lowering into an oil well comprising, in combination, an
upper valve including an upper piston chamber, an upper
mandrel having an internal passage closed at its lower
end slidably extending into the upper piston chamber and
adapted to be secured to and in fluid communication with
the interior of the string of pipe, an upper piston on the
mandrel slidably disposed in the upper piston chamber,
a closed run-out chamber, an upper stuffing box connect-
ing the closed run-out chamber to the lower portion of
the upper piston chamber, the lower portion of the upper
mandrel being slidably disposed in the upper stuffing box
when the upper mandrel is in elevated position, ports on
the lower portion of the upper mandrel establishing fluid
communication of the run-out chamber with the passage
in the upper mandrel, said ports being disposed in the
upper stuffing box when the upper mandrel is elevated
whereby the upper valve is closed when the upper man-
drel is elevated, and a lower valve including a lower
mandrel provided with a passage throughout its length
and in fluid communication with and extending from the
run-out chamber, a lower piston chamber, said lower
mandre] slidably extending into said lower piston cham-
ber, a lower piston secured to the mandrel and slidably
disposed in the lower piston chamber, a lower stuffing box
in the upper end of the lower piston chamber, ports in the
lower mandrel permitting circulation of fluid through the
lower. mandrel and the last-mentioned ports, said last-
mentioned ports disposed above the lower stuffing box
when the lower mandrel is in elevated position whereby the
lower valve is open when the lower mandrel is in elevated
position, hydraulic fluid in each piston chamber, choke
means in each piston for permitting hydrautic finid to pass
therethrough, and by-pass means associated with each of
said pistons and piston chambers whereby hydraulic
fluid by passes the lower piston when moving downwardly
thereby providing faster downward movement of said
lower mandrel than that of said upper mandrel and hy-
draulic fluid bypasses the upper piston when moving up-
wardly thereby providing more rapid upward movement
of the upper mandrel than that of said lower mandrel
whereby said lower valve closes before said upper valve
opens on downward movement of said mandrels and said
upper valve closes for a predetermined time interval be-
fore said lower valve opens on upward movement of said
mandrels. )

4. The equalizing and control valve assembly of claim
3 where the by-pass means comprises a valve in each
piston, the valve in the upper piston adapted to be closed
on downward movement and open on upward movement
of said upper piston, and the valve in the lower piston
adapted to open on downward movement and close on
upward movement of said lower piston.

5. The equalizing and control valve assembly of claim
3 where the by-pass means comprises upwardly-tapering
sides on the upper piston and downwardly-tapering sides
on the lower piston, each said piston formed of resilient
materjal whereby downward movement of said first piston
and upward movement of said second piston expands
said pistons and thereby provides relatively slow down-
ward and upward movement, respectively, and upward
movement of the upper piston and downward movement
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of tho lower piston compresses said piste 1€
mlttmg relatively fast upward movement of sa.p ’“pper
piston and downward movement of said_ lower plston. )

- 6. The equalizing and control valve»assembly of. claim
3 mcludmg additional by pass means d posed,pr it
the _upper- end of the lower piston- “chamber adapted ‘to
permit rapid passage of hydraulic fiuid about the Tower
piston whereby said lower piston moves upwardly at a
relatively slow rate until reaching said second by-pass
means where it is rapidly accelerated thereby imparting
a jarring action to the lower piston chamber.

7. The equalizing and control valve assembly of claim 3
including spring means at the lower end of the upper
piston chamber to resiliently urge the upper piston up-
wardly.

8. The equalizing and control valve assembly of claim 3
including means to prevent relative rotation between each
of said mandrels and said piston chambers.

9. A valve assembly adapted for use with a formation
tester and adapted to be secured to a string of pipe for
lowering into a well bore comprising, in combination, an
upper control valve, said control valve including a first
piston chamber, a first mandrel provided with an internal
passage closed at its lower end extending downwardly into
the upper end of and suspending the piston chamber and
adapted to be secured to and in fluid communication with
the interior of the string of pipe, a first piston on the
mandrel slidably disposed in the first piston chamber, a
closed run-out chamber, a first stuffing box connecting
the run-out chamber to the lower end of the first piston
chamber, the lower portion of the first. mandrel being
“slidably disposed in the stuffing box when the first mandrel
is in elevated position, ports on the lower portion of the
first mandrel establishing fluid communication of the run-
out chamber with the passage in the first mandrel, said
ports disposed in the stuffing box when the first mandrel
is elevated whereby the control valve normally is closed
when lowering or raising the valve assembly, and a lower
equalizing valve including a second mandrel provided with
an internal passage in fluid communication with the in-
terior of and extending from the lower portion of the
run-out chamber, a second piston chamber, said second
mandrel slidably extending through and suspending said
second piston chamber, a second piston secured to and
slidable in the second piston chamber, a second stuffing
box in the upper end of the second piston chamber, and
ports in the second mandrel above the second stuffing box
when the second mandrel is in elevated position but
adapted to move into the stuffing box when the second
mandre] is in lowered position whereby the equalizing
valve normally is open thereby permitting circulation of
fluid through the second mandrel and said last-mentioned
ports. when lowering or raising the valve assembly into
or from the well bore, hydraulic fluid in each piston
chamber, and means mounted on the first and second man-
drels operable in each piston chamber whereby hydraulic
fluid flows past the lower piston faster than the upper
piston on the downstroke of the mandrels and flows by
the upper piston faster than the lower piston on the up-
stroke of the mandrels thereby closing the circulating
valve before opening the control valve on downward
movement of said mandrels and closing the control valve
for a predetermined time interval before opening the cir-
culating valve on upward movement of said mandrels.

10. The valve assembly of claim 9 including by-pass
means disposed proximate the upper end of the second
piston chamber for bypassing hydraulic fluid about said
second piston whereby said second piston moves upwardly
at a relatively slow rate until reaching said bypass means
where it is accelerated rapidly thereby imparting a jarring
action to the second piston chamber.

11. A valve assembly adapted for use with a formation
tester adapted to be secured to a string of pipe for lower-
ing into a well bore comprising, in combination, an upper
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vided with passages at each end, a first mandrel [
internal,. passage. closed adjacent. its lower end. slidably
extending into said.passages and through the piston cham-
ber .adapted to. be secured. to and. in fluid. communication
lower. pertion.of
;he ﬁrst mandrel being extendable bel w.the Iower of the
passages when the mandrel is in a lowered position; pack-
ing means packing off the first mandrel in each of said
passages, one or more ports in said lower portion of the
first mandrel in fluid communication with the internal pas-
sage in the first mandrel, said ports being positioned in the
lower of the packing means when the first mandrel is in
an elevated position and below the lower of the packing
means when the first mandrel is in said lowered position
whereby the main valve is closed and opened when the
first mandrel is in said elevated position and said lowered
position, respectively, hydraulic fluid in the piston cham-
ber, means including a piston mounted on the first man-
drel and operable in the piston chamber whereby the hy-
draulic fluid flows past the piston relatively slow on the
downstroke and relatively fast on the upstroke of the
first mandrel, a run-out chamber connected to the lower
end of said body, and an equalizing valve, said equalizing
valve including a second body provided with a passage,
second packing means disposed in the last-mentioned pas-
sage, a second mandrel having an internal passage con-
nected to the lower end of the run-out chamber, and one
or more ports in the second mandrel above the stuffing
box when the second mandrel is in elevated position but
adapted to move into the stuffing box when the second
mandrel is in a lowered position whereby the equalizing
valve normally is open and whereby on downward move-
ment of said mandrels said equalizing valve closes before
said main valve is opened.

12. A valve assembly adapted for use with a forma-
tion tester and adapted to be secured to a string of pipe
for lowering into a well bore comprising, in combination,
an upper main valve including a first body provided with
a passage therethrough, a first mandrel provided with an
internal passage extending downwardly into said passage
in said body and adapted to be secured to and in fluid .
communication with the interior of the string of pipe, a
closed run-out chamber disposed at the lower end of said
body, the lower portion of the first mandrel being slidable
in the closed run-out chamber, a valve closing said pas-
sage when said first mandrel is in elevated position and
operable to open said passage to said run out chamber
when the first mandrel is in lowered position, and an
equalizing valve including a second body including a pis-
ton chamber provided with passages at each end, a sec-
ond mandrel having an internal passage slidably extending
through said passages and the piston chamber, said second
mandrel in fluid communication with the interior of and
extending from the lower portion of the run-out cham-
ber, a stuffing box at the upper end of the piston chamber,
one or more ports in the second mandrel above the stuff-
ing box when the second mandrel is in elevated position
but adapted to move into the stuffing box when the sec-
ond mandrel is in lowered position whereby the equalizing
valve normally is open thereby permitting circulation of
fluid through the second mandrel and said ports when
lowering or raising the valve assembly into or from the
well bore, hydraulic fluid in said piston chamber, and
means mounted on the second mandrel operable in said
piston chamber so that hydraulic fluid flows past the pis-
ton faster on the downstroke of the second mandrel than
on its upstroke whereby the equalizing valve closes after
the main valve on upward movement of the mandrels.

13. The valve assembly of claim 12 including bypass
means disposed proximate the upper end of the piston
chamber for bypassing hydraulic fluid about said piston
whereby said piston moves upwardly at a relatively slow
rate until reaching said bypass means where it is acceler-
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