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:26 Claims. (Cl. lii3—52) 

This invention relates. to‘zimproved 'free- ‘pistons of 
the type whichlare'movedrupwardly through a well con~ 

e-duit wby'?uid ?owing‘ therein and ‘then drop down the 
"- c-onduit'to‘perform various‘ functionstherein- In one 

I employing the pistons "wherein"improved’mechanisms are 1 
of its-aspects; it relates to free pistons and'to'well systems 

‘provided to- determine or aid‘inthe determination of the 
extent of movement of the free pistons in the well. 'In 

< a broadera'spect, the invention relates to improved latch 
ing mechanisms for controlling a motor-driven move 

v.mentbetween ‘two parts of a well apparatus. 
. Free‘ pistons. are becoming" of- increasing popularity in 

performingor-aiding.in-theperforniance of a number 
Y’ of 'well operationsincludin' ~gas>lifting, para?in removal 
from tubing, and others. 11 general, the mode of. opera 
tion of a ‘freepiston'involves‘dropping it down a tubing 
while permittingfluid in'the; tubing to‘?ow through‘or 
around the piston- and then,‘v after the piston reaches its 
lower level in the tubingytoicause it toform a substan 
tially imperforate .plug int'the-l tubing so ‘that itv can be 
moved. upwardly ‘by ?uid~?owin the: tubing. 

7 i a ‘In order to actuate thefree=piston as above'outlin'ed, 
' it‘ is provided with'onejof, orqpreferablyfboth, an ex 
,‘fpans'ible packer .and- a valve¢~adapted to close a ?ow 

I passageway.»by~passing > the» packer. 

‘sion of .the packer .to form a-slidingseal with the tubing ‘ 
Then lupon expan 

and closing-of the valve, the'piston' becomes a‘s'ubstan 
tially imperforate plug-to be'moved-Cup the-tubing; ’When 
i't-arrives at the end of~¢its up-stroke';>the’-valve"should 
be opened and thewpacker‘contracted‘ to permit the piston 
to fall by gravity down the tubing. Power for'movee 
ment of the valve. and packemcan-belderived‘from a 
numberof sources including a reloading-mechanism sit 

> uated at the-.wellthead-asadescribedrin our'cope'nding 

, with. It can also ‘bevderived from a 
;perature responsive devicearranged- soithat as the‘ piston 

‘application Serial No.'-‘534,728;'?ledtofv'even data here 
pressure or a tem 

v.;travels.up ‘and down the atubing,-ithe-:device is.‘ exposed 
;_Ito,.a changelin well-pressure" or 
,pdevelop force- to; expand-rand contract-thevpacker'v and 

temperature to thereby 

to open landvclose the‘tva-lve. i In any‘ casepmovement of 
the valve between. open and‘ closed position ‘and equally 

1 movementrof the packer between: expanded-and con 
" tracted position must not take‘place-rin such a ‘manner 

‘ that a midway condition-in-which all forces tending- to 
(openrandcloselth'e valve,- or to‘expanditorcontract the 

s packer, are" in equilibrium ‘might >>be 1 reached, automat 
ically maintained, and stop the free-pistonfrom' traveling. 
Where a change in‘ wellvtemp'erature" or- pressure is em 
ployed to~ generateeforcte --for actuating the free piston, 

; it will ‘be ' noted =~that the. change? in-iemperature > or‘ pres 
sure bears a'generallyt'liiiear relationship toiwell depth 
and/with respect to afree piston traveling up and ‘down 

,- the-well bore, ioccur; gradually. . 

r E; It:-is-accordingly?'mecessaryt ‘that ‘force; generated‘ by 
such change be accumulated, as the =freeIpiston-‘m'o'ves, 

,bu,t*-prevented* from F-becorning "effective'vto' actuate the 

‘met. The force is‘then released to actuate the free pis 
ton decisively; that'is; once the actuation of the free 
piston begina'theacttiation will be positively and de?— 

' nitely completed. 
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#free-‘v' piston ~until'i certain? predetermined . conditions ‘are I 

":While actuationlof the free piston to’ permit it to 
reverse itsdirec'tion of travel'at the lower end of its 
stroke can occur, in’many instances, at indeterminate 
conditions in respect of'pressure, temperature, depth in 
a well, time, etc.,~ and‘ still be satisfactory, the'reversal 
at the upper ‘end'of its stroke should not occur before 
and must»not~fail upon-the free piston reaching such 
upper end even‘? though there may be irregularities or 
variations in temperature-or pressure at the well head. 

Thus, in many‘instances, free piston reversals at the 
lower terminus ‘may ‘satisfactorily depend upon effects 
which need not‘bepr'ecise or consistent, but the 're 
versal'at the upperte'rminus must depend upon the free 
piston positively reaching the- well head or other pre 
determined upper ‘location in the well. While well head 
apparatus has been provided for positively causing‘the 
piston to be placed in condition to reverse its stroke 
after it has reached the upper terminus, such apparatus 
is normally'relatively expensive and in many instances, 
it would be desirable to avoid using it. 

It is‘therefore a general object of this invention to 
provide a well ‘system and a free piston for use in such 
a system‘ wherein the " power required to operate the 
piston to either‘ permit or prevent ?uid to bypass the 
same‘as it moves through the well, is derived by virtue 
of a change in a well-condition‘ as the piston travels 
toward the end of‘ one of its’strokes and is effectively 
prevented from =operatingwthe piston until it reaches 
the end'of a‘ stroke whereby the piston cannot be pre 
maturely reversed in~its direction of travel even though 
an'excess of force is‘potentially available to do so. 

Another‘ general object is to provide a Well' system 
and free piston for use therein which does not require 
an arti?cial variation in a well condition at the well 
head to effect a reversal‘v of the piston’s direction of 
travel. 
Another object of the invention is to provide such 

a system and piston wherein a mechanism for positively 
operating=the piston to cause or permit it to reverse its 
direction of travel at the end of one of its strokes» is 
contained within the piston itself and only very simple 
well head or subsurface equipment need be employed‘to 
cooperate with such mechanism in positively determin 
ing the terminus of one of the strokes of the piston. 
Another object is to provide a well system and a free 

piston for use- therein in which the power developed 
by motor means as a result of the change in well con 
dition encountered by the piston as it moves through 
a well conduit is effectively restrained from operating 
the piston permit it to reverse its direction of travel 
until the piston encounters a means situated at a pre 
determined level in the conduit whereupon the motor 
means is released to deliver power to operate the piston 
and permit it to reverse its direction of travel only 
upon reaching said predetermined level despite an ex 
cessive change in said well condition. 

Another object is to provide a well system and a free 
piston for use in a well conduit of such system wherein 
means restraining actuation of certain piston parts is it 
self prevented by the well conduit from releasing ‘such 
actuatable parts whereby the direction of travel of.» the 
piston cannot be reversed while the piston is moving along 
the conduit‘ but only after it encounters a particular sec 
tion of the conduit whereby location of such particular 
section locates the terminus of one of the piston’s strokes. 

Another-object is to provide a well system and a free 
piston for use in such system wherein energy for opera 
tion of the piston to permit it to reverse its direction of 
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movement is accumulated in the piston as it moves along 
the conduit and wherein means are provided for releas 
ing such energy responsive to the piston encountering 
a means carried by the conduit whereby the ends of the 
piston strokes are determinable irrespective of the excess 
of energy stored or the rate of storage thereof. 
Another object is to provide a well system and a free 

piston for use therein wherein force for actuation of parts 
of the free piston to permit it to reverse its direction of 
travel from one of its strokes is released by a latch or trig 
ger means carried by the piston and responsive to the pis 
tonarriving at a predetermined level in the well so that 
the piston always arrives at such level irrespective of the 
excess of force applied to actuate the parts prior to arrival 
of the piston at such level and wherein such force for 
such actuation can be released by a variety of mechanisms 
including but not limited to those actuated responsive to 
the piston encountering a stop in the well, or a predeter 
mined temperature, or a predetermined pressure whereby 
operation of the piston can be made ?exible and adaptable 
to many well conditions. 

Another object is to provide a free piston wherein a 
motor means exerting a force to operate the free piston, 
which force is of a magnitude varying with a change in 
a well condition along the path of travel of the piston, is 
positively prevented from operating the piston while it 
moves in one direction by a latch held in latching posi 
tion by a conduit through which the piston moves and 
movable outwardly of the piston to unlatching position 
upon encountering an enlargement in the conduit, the 
latch also preventing operation of the piston by such 
force during movement of the piston in an opposite di 
rection until the force becomes of a predetermined mag 
nitude whereupon the force is released without moving 
the latch outwardly whereby one terminus of the stroke 
of the piston is made dependent upon a well condition and 
the other upon a physical condition of the conduit. 

Another object is to provide a free piston which in 
cludes a temperature responsive means for actuating a 
latching mechanism so as to release a force applying 
means to actuate the piston and thereby terminate one of 
its strokes wherein the temperature responsive means 
only releases the accumulation of force which is derived 
from another source. ' ' 

Another object is to provide a free piston which in 
cludes a latching mechanism for holding a force apply 
ing means to prevent it from actuating the piston, the 
latching mechanism including a trigger means adapted 
to strike a stop in a well conduit to release the latching 
mechanism and thereby permit the force applying means 
to actuate the piston. 
Another object is to provide a latching mechanism 

adapted to prevent relative movement between two motor 
. driven parts of a well apparatus despite force applied to 
cause such movement, the latching means being held in 
latching position by a well conduit as the apparatus is 
moved therethrough and being releasable only upon en 
countering a particular con?guration of the conduit. 

Another object of the invention is to provide a free 
piston in which a resilient means and a packer actuating 
part are arranged for movement together in expanding 
or collapsing a packer whereby movement of such part 
in one direction to actuate the packer does not involve 
opposition of the resilient means and movement in the 
other direction transmits force to the packer only through 
the resilient means. 

Other objects, advantages and features of this inven~ 
tion will be apparent to one skilled in the art upon the 
consideration of the written speci?cation, the appended 
claims and the attached drawings wherein: 

Fig. 1 is a schematic illustration of the well system of 
this invention showing a piston in a lubricator at the 
well head and, in dashed outline, at the bottom of its 
stroke ready to start its up-stroke; 
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Fig. 2 is a detailed view of a manual catcher for hold 

ing the free piston in the lubricator when desired; 
Figs. 3A, 3B and 3C are views, partially in section and 

partially in elevation, illustrating a preferred embodi 
ment of a free piston constructed in accordance with 
this invention, it being understood that the views are 
lower continuations one of the other in the order above 
named; ‘ 

Fig. 4 is an isometric view showing the major portion 
of the apparatus sectioned in Fig. 3B; 

Figs. 5, 6 and 7 are cross-sectional views taken along 
the lines 5-5, 6-6 and 7——7 of Fig. 313; 

Fig. 8 is another isometric view illustrating one part 
of the apparatus of Fig. 3B which part is shown to be 
inverted from its Fig. 3B position for the sake of clarity; 

Fig. 9 illustrates an alternative embodiment which can 
be substituted for the structure of Fig. 33C to be com 
bined with that of Figs. 3A and 3B; 

Fig. 10 is a view on a line 10—10 of Fig. 9; 
Figs. 11, 12A and 12B illustrate an alternative em 

bodiment of free piston constructed in accordance with 
this invention, it being understood that Fig. 11 is a view 
taken 90° from that of Fig. 12A with certain portions 
broken away to better illustrate the arrangement of the 
parts; 

Figs. 13 and 14 are isometric views of certain parts 
shown in Fig. 12A; 

Figs. 15 and 16 show still another embodiment of the 
free piston of this invention and incorporating a timing 
mechanism for determining actuation of the free piston; 

Fig. 17 is a vertical section taken on the line 17~—-17 
of Fig. 15; and ' 

Figs. 18A and 18B ‘illustrate yet another embodiment 
of a free piston and one in which temperature responsive 
motor means'are provided for actuating the free piston. 

Like characters of reference are used throughout the 
several views to designate like parts. 

In Fig. 1, there’ is shown an exemplary well system of 
this invention in which a free piston 15 is reciprocated in 
a tubing 16 disposed in a well ‘which can be cased as at 
17. For the embodiment of the free piston shown in 
Figs. 3A through 3C, a pressure responsive motor acts 
under the in?uence of well pressure at the lower end of 
the downstroke of the free piston to cause it' to form 
an impermeable plug in the tubing; that is, to prevent 
the ?ow of ?uid in the tubing past the piston. Flow 

- of fluid up the tubing will then cause the piston to rise 

50 

. of enlarged cross-sectional area. 

70 

therein and such ?ow can be either natural or induced as 
by injection of gas into the casing through a conduit 
18, and thence through a gas lift control valve 19. The 
tubing-casing annulus can be packed as at 20, if desired, 
to prevent the application of lifting gas pressure to the 
formation. At any rate, as thepiston rises up the tubing, 
it forces ?uid thereabove upwardly along the tubing to 
be discharged through ports 21 in lubricator 22 and ?nally 
out through a ?ow line 23. After the piston has arrived 
at the upper end of a stroke as shown in the upper portion 
of Fig. 1, a mechanism is operated permitting the free 
piston to be actuated so that?uid can bypass the same 
in the tubing. Thereupon, the free piston is free to fall 
by gravity down through the tubing until it strikes a stop 
24 which permits or causes the free piston to again form 
an impermeable plug in the tubing. The free piston can 
thus act as an aid in improving the gas lifting e?iciency 

' of a well, as a paraf?n scraper, or for other purposes. 
It will be noted that lubricator 22 is provided with a 

portion 25, which can be considered a part of the tubing, 
The function of this 

enlargement is to permit a triggering mechanism carried 
by' the free piston to release a motor means or energy 
source so that the latter can operate the free piston to 
permit ?uid to by-pass the same. This will be discussed in 
greater detail below. . 

If desired, a manual catcher 26 can. be provided as a 
part of the lubricator to catch the free piston when it 



._ trated in Fig. 2. _ 

28a pivoted about a pin ‘29so thatian upper-end 30 of V 
- the dog can be biased outwardly by. spring 31 to engage 
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arrives at the upperendfof. a sttokeandprevent it from 
falling back down.intolthewellinlthe event that it is 
desired to. stop. the operation iof‘thehfreef piston orto 
remove it from the well. WIn-this connection,.a.master 
valve 27 can. also be'provided to. closeinthe well. and 
permit the free piston to be removed from the lubricator. 
Further, ashock absorber-designated generally by the 
numeral 28, can be provided as. aipart of-the/lubricator 
to cushion the impact of the free piston-as it; arrives at 
the surface of they-well. 1 ' I 

' The details of they catchingmechanism 26 are illus 
.In this .?gure, there. is shown. a dog 

a shoulder 32 on the free piston. A rotatable pin 33 
having a cam head 34 can be provided to engage an ear 
35 on the dog to hold the dog in retracted position when 
it is desired that the free piston should-tall down into 
the well. However, when pin-33 is rotated to the/posi 
tion shown in Fig. 2,‘ spring31, urges-‘.dog<28a~ to pivot 
so that part 30 thereof is situated: in thetpath of the free 
piston. Then as the free‘ piston moves upward-dog 28a 
will ride‘ over the outer surface thereof to’. jump under a 
shoulder 32 and prevent the free piston from falling 
back down the well. 

In one preferredlembodiment of the freepiston of this 
' invention, as shown in Figs. 3A through 3C, it is pro 
vided with a motor means 36, here shown to~be of the 
pressure responsive type, which, under‘the in?uence of 
a changing well condition, provides the necessary-force 
for operating the free piston. .Thus,.:asv the pistontdrops 
down the tubing torvbe exposed to increasing well‘ pres 
sures, the pressure responsive motormeans exerts a‘ force 
tending to expand packer 37‘ and close ‘valve means 38 
so that the piston will become a substantially imperme 
able plug in thetubing. However,'such'force is prevented 
from being applied to achieve these functions by‘a- latch 
ing mechanism 39 which isreleased by striking against 
stop 24. Thereafter, “the piston forms-animpermeable 
plug and can rise up the tubing under ‘in?uenceof ?uid 
?owing throughthe tubing. At some‘interval before'thc 
piston is to begin its downward-‘stroke,"the~motor->means 
will be exposed to adecreased- well-pressurev so that it 
tends to apply force to contract packer 37 andT open valve 
38. However, it is prevented from'doing this by another 
latching mechanism 40 which doesnot-release theiforce 
until enlargement 25 in the lubricator is encounteredby . 
the free piston. Then upon the forceb'eing released,» the 
motor means contracts the ~paoker andI-opens the, valve 
so that the free piston can ‘fall-back. downqthe tubing. 
In this manner, the lower terminus ‘ofathe free piston 
strokeiis determined by a physical -stop“carried by the 
tubing and its upper terminus is determinedtby an enlarge 
ment also carried by the tubingl By~proper construction 
of the motor means, the piston‘v is given a ‘snap action” 
in its'operation to reverse its stroke, premature actuation 
of the free piston is prevented fsofthata it eannopu-‘ever'se . 

' its stroke even though the pressurertowhich it is1exposed 
may be more than su?icientto- develop the_.~forc'e; required 
for doing so, and arti?cial ~variation<~in~well pressure is 
not required inpassuring the piston’ will~function{:satis 
factorily.. . - '~ . Y I 7 

Now referring to the details .of-‘construction shown 
in Figs. 3A through v3C, the vmotor means‘ of the’ free 
‘piston is illustrated as comprising‘ a~piston 4l-v-havin‘g a 
sliding seal, as ‘by O-rings 42v and->43g‘withwan inner-bore 
44 of pressure dome housing'45. The pressure dome 45a 
can be charged with‘a resilient-?uid ('eitlierdgasl alone 
or a mixture of gas and liquid)‘ through a‘chargingport 
v46 controlled by a chargingrvalye 47. and-sealed-by plug 
48. In this manner, the pressure'tdomercan'be- charged'to 
a predetermined pressure rsothat the-charged ?uid urges 
piston 41 outwardly to increased thevolumei of closed 
chamber 45a. I To- aid inv thisefunction, a spring-49> can 
be disposed between .pistonl541; and. theupper-end :of 

“:the dome housing. .. The preferred pressure to Awhi‘chthe 
pressure dome" is chargedgand the. preferred strength‘ of 

. spring 49 will be discussed inldetail below after certain 
other portions of the tool have been described in detail. 

' ‘ Pressure dome housing 45 is connected to a ?tting~50 
. which extendstor connection with an outer sleeve housing 
51 while piston 41 is connected via a stem 52 to an inner 

sleeve 53. : Sleeves 51 and v53 are provided with ports 54 
and 55 which constitute the valve means 38. These ports 
are so arranged-that movement of pistons} betweenvits 

V innermost and outermost positions in‘ the pressure‘ dome 
respectively causes the ports. to be out of and in-regis'ter 

,toacontrol ?uid ?ow from’ one end of the piston to the 
. othertoby-passpacker 37 via lower ports '56 and 57s and 

15 inner vpassage 58. 
As indicated above, pack-c1537 is to be expanded to 

form a sliding seal with the walls of the tubing to pre 
vent i‘luid from by~passingithe free piston on itstup-stroke 
and then contracted so as to permit such ?uid to by-pass 
during the downstroke of the piston- and, of greater im~ 

.sportance, .also to reduce the frictional resistance .to the 
. fallv'of the free piston. While the packer can be made 
in a number of different- manners, it is preferablycom 

. prised ‘of ‘resilient sleeve havingone end ?xed to outer 

30 

housingsleeve '51 ‘and’ the other connected to the inner 
sleeve 53. so that relative longitudinal movement between 
.thesesleeves causes the packer to be contracted and ex 
panded radially. Thus, the upper end of the packer can‘ be 

- connected to‘the outer sleeve as by means of a' metal cap 
ring 59 bonded to- one end of the packer and held to outer 
sleeve 51 as by locking pins 60. ~ The latter can be main 
tainedin place by a keeper ring 61 which is prevented 
from being displaced by a snap ring 62. The lower end of 
the resilient packer likewise is provided with a metal cap 
ring‘. 63v bonded to the packer and providing an inner 
shoulder.6d=engageable with a part 65 extending from 

~ the inner sleeve through a slot 66 in the outer sleeve. In 

4-0 
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this manner, movement of inner sleeve downwardly rela 
tive to outer sleeve 51 causes part 65 to engage lower cap 
ring 63 and contract the packer. In ‘order to expand the 
packer upon upward movement of inner sleeve 53 relative 
to the outer sleeve,. the inner sleeve is provided with a 
cross pin 68 extending through slot 69 in the outer 
sleeve to connect spring retainer ring 70 and spring 
'71 to the inner sleeve. The retainer ring is provided 
with a slot extending thereinto from its lower edge which 
engages the outer ends of cross pin 68 so the retainer 
ring can be lifted upwardly and pin 68 moved into or out 
of position. _Upon lowering the ring, the pin will beheld 
in place thereby. In this manner,- as inner sleeve 53 
and part 65 move upwardlyso that packer 37 can expand, 
‘pin 68 and ring 70~will likewise move upwardly which 
tends- to compress spring 71 thereby urging the I lower 
end of the packer upwardly to expand the packer. Upon 
downward movement‘of the inner sleeve, the pin and ring 
move with thev inner sleeve topermit thevlower end‘of the 

‘ packer to move downwardly also. One advantage of'this 
construction is that as the inner sleeve moves downwardly 
to contract packer 37, the stress exerted by spring 71 on 
the‘ packer is relieved so that‘ it is not necessary to com 
"press the spring during contraction of: the packen' In 
many instances, packer 37 will be of the type whichiis 
molded to normally have a cross section such as will form 
a seal with'thetubing, i. e., its normal unstressed condi 
tion is an expanded one. ‘Force must then be applied "to 
contract the packer and this can be done without having 

“to provide additional force to compress the packer‘ex 
, pander spring. In such a situation, the packer when ex 

is 

panded will beheld in expanded position not only by its 
own natural resiliency but also by the force exerted-by 
spring 71 while sleeve 53 is in its upper positionrThen 
as the free piston moves upwardly through the tubingand 
tencounters slight variations in the crossse'c'tion’thereof, 
the packer= is free to expand and contractinwardlywa‘nd 



7 
outwardly against the resilient force of spring 71 to main 
tain a ‘sliding seal with the tubing, ' 

In order‘to prevent ?ow through the tool when valve 
means 38 is closed and packer 37 expanded, a sliding seal 
in the form of a piston 72 and 'O-ring 73 is carried by 
stem 52 to reciprocate in a bore 74 within the upper part 
of outer sleeve 51. 
From the foregoing, it will ‘be seen that pistons 72 and 

41 must be maintained in suitable axial alignment with 
their respective bores and yet inner sleeve 53 should be 
permitted to slide relatively freely within the outer 
sleeve. To avoid a dif?cult aligning problem, an articu 
lated connection is provided between stem 52 and sleeve 
53. Thus, the lower end of stem 52 can be cut to form a 
T-head 75 adapted to extend into ports 55 of the inner 
sleeve thereby giving the connection some lateral flea'i 
bility. To permit assembly of the tool, the upper end of 
the inner sleeve is split as at 76 to permit the upper end 
to be spread apart and slid over T-head '75 after which it 
springs back into its normal position as shown in Fig. 3B. 
After the articulated connection is thus assembled, the 

- entire inner assembly including stem 52 and sleeve 53 can 
be slid into proper position within outer sleeve 51. 
As thus far described,- it will be seen that the free 

piston comprises a body means including portions mov- ' 
able relative to each other to permit and restrict flow from 
one end of the free piston to'the other. While both packer 
37 and valve means 38 are shown as a ?ow control means 
comprising a part of'the relatively movable portions, it is 
possible to close the by-pass on the inside of the packer 
and depend solely on ?ow between the contracted packer 
and tubing to permit the free piston to fall down the tub 
ing. Alternatively, the packer could be arranged to remain 
in contact with the tubing and the valve means only em 
ployed to control the ?ow between the ends of the piston. 
However, it is preferred to employ both the contractible 
packer and the valve means in the interest of increased 
et?ciency of performance. 
As before mentioned, latching or triggering means 49 

is provided to prevent opening of valve means 38 and 
the contraction of packer 37 until the piston arrives at 
enlargement 25 even though the motor means has pre 
viously to such arrival developed suf?cient force to so 
actuate the valve means and packer. In the form shown 
in Figs. 3A-3C, there is provided what may be termed 
a “one-way top trigger” for‘releasingr the motor’ means 
to actuate the piston upon arrival of the piston at the 
lubricator and a “contact bottom trigger” adapted to also 
release the motor means when the piston encounters a 
stop inrthe well.9 Thus, the piston is provided with'levers 5 
or triggers 80 pivoted by ‘pins ditto ?tting 5i) so thatthc 

' ‘lower ends 82 of the levers can swing from a retracted 
position as shown in Fig. 3B to an extended position as 
shown diagrammatically in Fig. l. The levers are urged 
to retracted position by springs ‘~83 andhave a releasable 
connection vwith stem 52 such that downward movement 
of the stem under the in?uence of the motor means is 
prevented until therlevers move to extended position. _ 
Thus as a partvof such connection, latch ?ngers 8d are 
pivoted by pins 85 to the levers and are'urged from their 
unlatched position as shown in Fig. 313 to a latching posi 

tion by springs 86. Stop parts, in the form of opposing 
‘shoulders 87 and 88 respectively carried by the latch 
?ngers and levers can be provided to limit movement of 
the latch?ngers toward latching position. Stem 52 of 
the motor means is providedwrith abutment surfaces 
which are here shown as being supplied by a pair of anti 
friction' rollers 85* rotatably carried by the stem on shafts 
90. The ‘lower surfaces of the rollers are so positioned 

’ ‘on the stem that when piston at is in its uppermost posi 
tion in dome 45a, the rollers will be positioned above 
upper ends 91 of the latch ?ngers whereby springs 86 can 
pivot the‘latch ?ngers inwardly until stop parts 87 and 
88 are in abutment. 
tion, downward movement of stem 52 will be limited as 

With the mechanism in such posi-p _ 
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long as neither the latch ?ngers nor the levers pivot out 
wardly. ,Outward pivoting of the latch ?ngers about 
pins 85 is prevented by arranging the ?ngers so that the 
force-tending to pivot them inwardly, when the ?ngers 
are in roller‘ engaging position, is greater than the force 
urging them to pivot outwardly.’ Thus, the axes of pivot 
pins 85 are-'olfset outwardly of the engagement between 
the rollers and the latch ?ngers, and each of ends 91 of 
the latch ?ngers is disposed at an angle with the longi 
tudinal axis of the stem, such that when the latch ?ngers 
are in engagement‘with the rollers, the sum of the turn— 
ing moments of (1) the resultant of the axial force of 
the stem applied to the latch ?ngers to pivot them in 

‘ wardly and (2) the inwardly pivoting force of springs 86 
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is greater than the turning moment of the resultant of the 
axial force of the stem applied to the latch ?ngers to 
pivot them outwardly. Stated in another manner, when 
the latch ?ngers are in latching position, they contact the 
rollers inwardly'of the “dead center” contact position 
thereof which “dead center” position is the pivotal position 
of the latch ?ngers where the pivoting movement (includ 
ing springs 86) urging them inwardly equals the pivoting 
moment urging them outwardly. Accordingly, down 
ward thrust on the latch ?ngers by stem 52 prevents them 
from ?ying outwardly to release the stem. However, 
the latch ?ngers have only limited inward pivotal move 
ment due to stop parts 87 and 88 being brought into 
abutment so that the net e?ect of force applied by the 
stem to the latch ?ngers is to urge levers v32 outwardly 
to extended position. It will be noted that the lever pivot 
pins 81 are situated such that a plane through the axes 
of pins 81 and 85 of each lever lies laterally outwardly 
of the engagement of the rollers and latch ?ngers so 
that the force transmitted by the latch ?ngers to the 
levers urges them to pivot outwardly to extended posi 

tion. In a preferred embodiment, both pins 33. and are offset laterally outwardly of the locus of engagement 

between the latch ?ngers‘and the rollers so that the dis~ 
tance between the axes of each of the pins and the central 
longitudinal axis of the stem 52 is greater than that be 
tween such longitudinal axis and the point of contact be 
tween rollers 89 and the upper ends 91 of the latch ?n 
gers. In the illustrated embodiment, this diiference in 
offset and the'angular disposition of ends 91 is such that 
an angle “a” of the order of 20° exists between (1) a 
radius “r" drawn from the axis of a shaft Sit} normal to a 
line “I” tangent to the rollers at their contact with the 
upper ends of the latch ?ngers and (2) a line “1'” drawn 
between the axis of 'a corresponding pin 81 to such con 
tact. With this construction, it will be seen that though 
the motor means 36 exerts a substantial force tending to 
move stem 52 in a direction to open valve 33 and con 
tract packer 37, such force will be resisted by latch 

This 
force results only in urging of ends 82 of the levers out 
wardly into engagement with the inner walls of the 
tubing string. Of course, the parts are so dimensioned 
relative to the tubing that even when the lower ends 82 
are in sliding contact with the tubing, the upper ends 91 
of the latch ?ngers are still on the inside of “dead center" 
of the rollers so that downward force exerted thereon 
will not cause the latch ?ngers to pivot their upper 
ends outwardly about pivot pins 85. However, upon 
arrival of the free piston at enlargement 2,5 as shown in 

‘T Fig. 1, room is provided for the lower ends of the lever; 
to move outwardly and as soon as they have done so a 
su?icient amount, the point at which the upper ends of 
the latch ?ngers contact the rollers will move to be 
laterally outside of the “dead center” of the rollers so 
that the force exerted thereon by the motor means via 
stem 52 will cause thev latch ?ngers to pivot outwardly 
whereby the rollers and stem can move ‘downwardly to 
close valve 38 and contract thevpacker. Immediately 
then springs 83 move levers 80 tolretracted position so 
that the piston is free to fall down the tubing. 



i has positioned the inner sleeve in 
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.As they piston falls down the tubing, the well pressure 
exerted on'the exposed sidemof piston "' will gradually as 
increase and tend to force it‘ into the ‘pressure dome so 

1 as to close valve 38 and permit‘ the packer to expand. 
In order to prevent this untilthe free piston has arrived 
at a predetermined level in the well, a bottom latch 
mechanism 39 is provided as shown in Fig. ‘3C. This 
mechanism can comprise a lower dog‘carrier £12. con 
nected to inner sleeve 53 as by pin as carrying a pair 
of latching dogs 93. These dogs‘ have shoulders 94 
adapted to engage corresponding shoulders 5355 on iower 
trigger housing ?tting 96 to prevent upward movement 
of the inner sleeve relative to the outer one until the 
free piston strikes a stop in a well. The stop can, of 
course, be any suitable obstruction carried by the tubing, 
either permanently or wire line removable. 

‘ To maintain the dogs in latching position and then 
to permit them to swingtounlatched position upon the 
piston striking the stop, a trigger means or plunger 
97' is provided having an enlarged portion 98 adapted 
to be moved between rollers 99 on the latching dogs to 
hold them in latching position. A part of the trigger ex 
tends as at 100 for contact with the stop in the well 
to move enlarged portions98 upwardly so as to permit 
the latching 
latching position. The trigger is, of course, held in and 
urged to latching position by a spring 101. This spring 
should be strong enough to force enlarged portion 98 be 
tween the rollers d9 of the latching dogs to move them out 
wardly into their Fig. 3C position after the motor means 

its downward posi 
tion. ‘This occurs at the top of the well, of course. Then 
as the piston falls down the well, ‘the well pressure can in 
crease on the motor means so that it urges inner sleeve 53 
upwardly relative to the outer sleeve but such-movement 
is prevented by the latching dogs 93 being held in latching 

‘ position by the trigger. However, upon the free piston 
striking the stop in the well, the trigger, including en 

' larged portion 98, is moved upwardly to permit the 
‘ dogs to swing inwardly to unlatched position under the 
in?uence of forceapplied by. the motor means- acting 
through the upwardly and inwardly inclined surfaces of 
shoulders 94 and 95. The inner sleeve can then move 
upwardly relative'to outer sleeve to expand the packer 
and close the valve. 

Pressure dome 45a should be charged at a pressure such 
that the sum of the forces exerted by the charge ?uid 
and spring 49 will exceed the counter ,force exerted on 
piston 41 by the maximum well head pressure sufficiently 
to cause the operation of the various mechanisms driven 
thereby. On the other hand, such sum of forces should 
be less than the force exerted on the piston by well pres 

' sure encountered at the lower end of the free piston’s 
stroke su?’iciently to cause operation of the free piston. 
By this arrangement, the well pressure gradient always can’ - 
cause or permit an excess of force to be developed at the 
ends of the piston’s strokes to cause the desired operation 
of the latching mechanisms, packer, valve means and the 
like without premature operation thereof._ Further, the 
types of latching mechanisms just described permit the 
dome to be charged at a pressure substantially greater 
than the maximum well head pressure and yet the piston 
will not be actuated to begin its return stroke until it ar 
rives at the surface of the well; That is, the piston cannot 
be actuated, no matter how‘ great the excess of force 
exerted by the motor means, until it arrives at enlargement 
‘25 in the lubricator. On the other hand, the free piston 
must always fall until it'strikes stop 24 before it can 
begin its ascent no matter how much the well pressure 
excess be in the vicinity of the'stop. This means. then 
that the magnitude of thecharge of the resilient fluid or 
the strength of spring 49 is not critical in the sense that 
it would determine the length'of stroke of‘ the piston or 
the termini thereof. 
In a preferredembodiment,‘the'space'betweeri Q-rings 

dogs to move inwardly and thereby into un- . 

42 and 43 on piston 41 is connected via bores 102.~ and 
' illlZa‘to a one~way ‘check valve 103. .The check valve 
can comprise an insert seat 1134 and a valve member 105 

‘ urged against the seat by a spring 106. Spring 166 is of 
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such strength relative to the cross-sectional area of the 
seat between valve member 165 and insert seat 104 that 
the pressure in bores lld2-—iti2a will not exceed the pres 
sure outside the free piston by more than a predetermined 
value. This diiferential can be made quite small, as, for 
example, a few pounds per square inch, e. g. ?ve, so that 
even if O-ring 43 should tend to leak so as to increase the 
pressure in bores ELM-402a, the differential will always 
return to its predetermined value each time the free piston 
comes up into the relatively low ambient pressure at the 
well head. O-Iing 43 may possibly leak when it is exposed 
to the high pressure at the lower end of the free piston’s 
stroke thereby increasing the pressure in bores 1?2—-102a. 
However, while the piston is at the upper end of its stroke 
and hence exposed to the lower well head pressure, the 
check valve will open and bleed down the space between 
O-rings 42 and 43 to a value determined by the strength of 
spring 106. In this manner, a very low difference can be 
recurrently re-established across O-ring 43 so as to mini 
mize leakage thereacross even though O-ring 43 should 
leak. It should be noted that the object of this construc 
tion is to preserve the pre~established pressure in dome 
4511 by’ minimizing leakage past O-ring 42. This object 
is achieved‘ by arranging that the pressure in bores 
102——102a will be maintained different from that in dome 
45a, the difference being self-preserved. This results in 
O-ring 4-2 being pressed against only one side of its groove 
in piston 41 and is prevented from rolling when the piston 
moves. In the arrangement of this tool, the O~rings 
move only while the free piston is at the upper and lower 
termini of its stroke. At the upper terminus, any excess 

‘ pressure in bores Tim-4102a is relieved before the O-ring 
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' to leak is greatest. 

42 is moved and, hence, only a preselected differential 
can exist across it during its movement when the tendency 

On the other hand, when the free 
piston is approaching the lower end of its stroke, the 
low differential remains across O-ring 42 since the O-r-ing 
43 is notrmoving and hence has a minimum tendency 
to leak even though the diiferential across it is high. 
immediately after {it-ring been .ioved under the 
high differential which might cause it to leak, the free 
piston starts its upward journey so thatythe time an in 
creased ditlerential can be applied across O-ring 42 is 
during the upward journey of the free piston. Although 
leakageacross O-rings 42 and 43 will vusually be very small 
for each cycle of the free piston’s operation, continuous 
operation of the free piston could, it willtbe understood, 
cause excess pressure to accumulate between the O-rings 
and create dit?culties if means for continuous correction 
were not provided. > 

It is very desirablelthat the total volume of bores 162 
102a be quite small. When the freepiston is originally 
inserted into the well, the pressure in these bores will be 
atmospheric. Then with the volume of the‘ bores being 
small, only a very small amount of ?uid need leak into the 
bores to bring them up to design conditions. Thus, the 
design conditions can bequickly achieved. 
The free piston as thus far described in detail is pro 

vided with a bottom stop release means adapted to be 
actuated upon contact of the free piston with an abutment 
carried by the tubing. in Fig. 9 is shown an alternative 
arrangement adapted to be substituted for that of Fig. 3C 
and involves a temperature responsive means which re 
leases the motor means to close valve 38 and expand 
packer 3'7- whenever the free piston encounters ?uid in 
the well of predetermined temperature. Thus, many wells 
have a pronounced temperature gradient and it may be 
desirable that the free piston. continue its downward 
travel. only until it encounters ?uid of a temperature 
of predetermined magnitude. For example, some well 
?uids will not-depositpar'amn on the tubing until they 
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have been cooled to a certain temperature and by setting 
the free piston to start its upwardjourney at a point 
where the well ?uids‘ are still above the initial paraffin 
deposition temperature, the free piston can be used as a 
paraffin scraper without causing it to traverse the entire 
length of tubing. ' ’ 

Referring now to Figs. 9 and 10, part 65 carried by 
inner tube 53 is provided with a crosshead lltl'from 
which depends a stem 111. The lower end of the stem 
has a latching head 112 engageable by a trigger or latch~ 
ing bar 113 which is pivoted for movement about a pin 
114. The free or swinging end of the latching bar is con 
tacted and moved by a temperature sensitive means, pre 
ferably a bi-rnetallic strip 115 which has its other end 
?xed eccentrically to an adjusting disc 116 so that upon 
turning of the disc, the bi-metallic strip will be wound 
or unwound to adjust the mechanism to different tempera 
tures at which the strip will pull latching bar 113 out 
of engagement with latch head 112. The latching bar is 
urged to latching position by a spring 117. 

It will be noted that in this instance spring 71 abuts 
housing 113 which is carried by outer sleeve 51. As 
a result, when inner sleeve 53 moves to contract packer 
37, it will necessarily have to compress spring '71, thereby 
adding to the force required to position the parts of the 
free piston for movement in its return stroke down the 
hole. While this structure can be employed, it is here 
illustrated primarily to show the advantage of the struc 
ture of Fig. 3C which does not require compression of 
spring '71 in contracting of the packer. Accordingly, it “ 
is preferred that the spring arrangement of Fig. 3C be 
combined with the temperature sensitive means of Fig. 9 
to replace the spring arrangement illustrated in such 
?gure. 

rom the foregoing, it will be seen that the free piston 
still must move upwardly through the tubing until en 
largement 25 in the lubricator is encountered so that 
levers 89 can swing outwardly to release latch ?ngers 
84 and permit the stem 52 and inner sleeve 53 to move 
downwardly relative to the outer sleeve. Upon having so 
moved, latch head 112 will engage latch bar 113 
under the in?uence of spring 117 independently of hi 
metallic element 115. Then as the piston falls down 
wardly through the tubing, well ?uids of increasing tem 
peratures will. flow inwardly through ports 119 into hous 
ing 118 and thence outwardly of the housing through the 
clearance between stern 111 and the upper end of the 
housing. When the fluids have heated bi-metallic strip 
1.15‘ su?iciently, its pin 115a will engage latch bar 
113 and. swing it to unlatched position thereby permitting 
release or": stem 111 so that motor means 36 can move 
valve means 38 to closed position and permit packer 37 
to expand. One advantage of the arrangement shown in 
Fig. 9 is that the movement and force which must be 
generated responsive to a change in temperature need be 
only quite small in that it only need be great enough to 
move latch bar 113 out of engagement with the latching 
head. it is not necessary that such movement be suf? 
cient in magnitude or force to either open or close valve 
means 38 or to contact or expand packer 37. Accord 
ingly, the mechanism can be made very compact and only 
a relatively weak temperature sensitive mechanism pro 

- vided. 

In Figs. 11 to 14, there is illustrated a free piston 
similar in many respects to that of Figs. 3A-3C, except 
that triggering or actuation of the free piston to close 
the valve means and expand the packer at the bottom 
of the stroke is made responsive to the motor means exert 
ing a force of predetermined magnitude on the triggering 
mechanism. Stated in another way, the lower end of the 
free piston’s stroke is determined by a well pressure of 
a predetermined high value. As shown in Fig. 12A, stem 
52 is provided with an abutment having opposing sur 
faces 120 and 121 adapted to respectively engage upper 
ends 91 and opposing surfaces 122 on latch ?ngers 84a. 
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Here again, a pair of trigger levers 80 are pivoted about 
pivots 81 so that the lower ends 82 can swing between 
retracted and extended positions. In this instance, each 
latch ?nger 84a and lever 80 is urged into latching posi 
tion by a. single spring 123, the movement of latch ?nger 
8dr; toward latching position being limited by abutment 
of stop parts 87 and 83. Thus, with the parts arranged 
as shown in Fig. 12A, a force exerted by the motor means 
tending to move stem 52 downwardly will be resisted by 

surraees 129 on the stem. As soon as the free piston ar 
rives at enlargement 25 in the lubricator, ends 32 of 
the levers are free to ?y outwardly and thereby release 
the latch ?ngers from engagement with the stem. They, 
of course, are urged to this outward position by the force 
exerted by the motor means. On the other hand, when 
stern 52 has been moved downwardly by the motor means 
upon release of the latch ?ngers by levers 80, lower 
opposing surfaces 122 on the latch ?ngers will engage 
upper surfaces 121 on the stern abutment and force ap 
plied thereafter tending to move the stern upwardly will 
be resisted by this engagement. As the free piston moves 
down the well and Well pressure becomes greater on the 
motor means, the upward force exerted on the stem will 
likewise increase and eventually will become great enough 
to cause latch ?ngers 84a to pivot outwardly about pivots 
35, and against springs 123, to disengage the latch ?ngers 
from the stem. The motor means can then permit or 
cause the packer to expand and also close valve 38. 
To cause the above described actuation of the latch ?n 

gers 84a and levers 80 by the pressure responsive motor 
means, upper ends 91 and pivot pins 81 and 35 are ar 
ranged as described with respect to the corresponding 
parts in Fig. 313 so that the'inward turning moment on 
the latch ?ngers exceeds the outward turning moment 
thereon. However, in Fig. 12A, the upper ends 91 are 
shown to be in a plane normal to the longitudinal axis 
of stem 52 so that there does not exist any outward turn 
ing moment. This is not essential but it does illustrate 
another arrangement. The lower abutment surface 122 
on the latch ?ngers and upper surface 120 on the stem 
are also shown to lie in a plane normal to the longitudi 
nal axis of the stem. Accordingly, the only turning mo 
ment on the latch ?ngers when the surfaces 121 and 122 
are. in abutment is outward and when the upward axial 
thrust to the stem becomes great enough to cause the out 
ward moment to overcome springs 123, the latch ?ngers 
will ?y outwardly to release the stem for actuation of the 
free piston and instigate its upward stroke. Thus the latch 
?ngers resiliently lock the stem in its down position and 
are releasable responsive to a well pressure of predeter 
mined magnitude being exerted on the motor means, all 
with-out moving levers 80 to extended position. Of 
course, the laterally outwardly offset position of pins 85 
relative to the engagement between surfaces 121 and 122 
pedmits this to occur. Further, the angular disposition 
of surfaces 120 and 122 can be changed in order to 
change the axial thrust required to swing the latch ?ngers 
outwardly thereby changing the well pressure necessary 
to actuate the free piston. Changing the strength of 
springs 123 will also result in a similar effect. In any 
event, as soon as the stem moves upwardly sufficiently. 
springs 123 will move the latch ?ngers back in under sur 
face 120 to prevent downward movement of the stem as 
the free piston rises up the tubing and until it arrives at 
enlargement 25 in the lubricator. 
As indicated above, both the axes of pivot pins 35 and 

31 are disposed laterally outwardly from the points of 
contact between the latch ?ngers and the stern. In a 
typical instance, a suitable o?set for pin 85 is such that 
an angle of the order of 20° is bounded by (l) a line 
drawn from surface 121 (with the latch ?nger surface 
122 engaging surface 121) through the axis of pivot pin 
85 and (2) the longitudinal axis of the stem. Similarly, 
a suitable offset for pin 81 is such that an angle of 20° 

truest of the upper ends of latch ?ngers 34a with lower’ 



' than enough force for doing so. 
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is bounded-by (1) a line‘ drawn from surface 120 (with 
.the latch ?nger end 91 engaging this surface ‘120) and the 
axis of pivot pin 81 and'(2) the longitudinal axis of the 
stern. 

‘ It will be understood'that charge chamber 45a of Fig. ‘ 
12A is not shown in its entirety and that the upper end 
‘thereof'canterminate in a charging ‘valve, a plug 48 and 

. a ?shing neck, all asshown in Fig. 3A. “ Also, instead of 
the pistontype of pressure responsive. means as shown 

I in Fig; 313, a bellows type is illustrated as including a ‘ 
bellows 124 ?xedly connected at one end to the pressure 
dome housing 45 and at the other. to an extension 5212 
of stem 52. ‘An inner guide 7125 can be carried by the 
dome housing to aid in maintaining the bellows in proper 
axial alignment. . Also, damping means can be‘provided 
to slow down the operation of the motor means. Thus, 

' the stem extension‘ 52b can be provided with different 
isizcd‘pistons 126 and ‘127, each having a sliding seal 
‘ with a cylindrical portion of the dome housing 45. The 

' ‘effective diameter of piston 126 is made equal to the effec 
tive diameter or" bellows 124 so that a suitable liquid 
can be disposed in spaces 128 and 129 withoutcausing 

' the'mechanism to ?uid-lock. These spaces are intercon 
nected across piston 1'27'by a‘restriction 1‘3tlso that the 
arrangement acts as a' dampener to prevent excessively :.,. 
rapid movement of the stem. 
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The bellows arrangement of Fig. 12A can be substi- . 
'tuted vfor the piston type arrangement of ‘Fig. 3B and vice 
versa. Also, anti-friction rollers, similar to rollers 89 
of Fig; 313, can be‘disposed to provide the abutment sur 
faces 121 and 12%} of Fig. 12A to thereby reduce the fric 
tion between these surfaces and the latch ?ngers 84a. 

, >As will be noted in Fig. 4, a simple arrangement has 
‘been provided for releasably retaining pins 81 in position 
and also for locking the- screwed connection‘between 

~ dome housing 45 and ?tting 50. ‘This arrangement in 
1“ volves a holding member 131 having an upper end 132 
‘ extending‘through a slot in ?tting 50 into a slot in housing 
'45 and the lower end into a snap ring retainer 133. A 
‘snap ring ‘134 in a, groove in the retainer serves tolock 
the lower end’ of member 131 in place. The member, of 
course, has portions thereof extending to ‘lie over the 
heads of pins 81. A similar strip 135 extending down 

’ wards through a slot in ?tting 5t} locks the screwed con 
nection’ between ?tting 5t} and outer sleeve 51. A differ 
ent arrangement is shown in-Fig. 12A wherein plates 14% 
are pinned to stubs 141 carried by part 50 and by cover 
ing the ends of pins 81, lock the latter in place. 

i From ‘v the foregoing, it will be seen that when a free 
- piston constructed in accordance with the showing of Figs. 
3A-3C is inserted in a well as shown in Fig. i, it can 

' fall down the tubing while latches 93 prevent expansion 
of the packer and closing of valve means 38 even though 
the well pressure exerted on the piston 41 provides a 
force more than su?icient to accomplish these functions. - 
Then upon the free piston striking a stop, latches 93 are 

. released, the packer expanded and the valve means closed. 
As the piston travels up the well, premature contraction 

> of the packer and opening of the valve means will be 
‘ prevented even though the well pressure on piston 41 
decreases to an extent such that it would provide more 

Such force, of course, 
acts through latch ?ngers 84 to urge levers 80 outwardly 
but outward movement is limited by the levers sliding 

’ along the tubing. Accordingly, the packer cannot be con 
tracted and the valve means opened until the ‘free piston 
reaches the lubricator and enlargement 25. For the struc 
ture shown in‘Fig. 9, the operation of the free piston will 
be the-same on its up-stroke but during the downstroke, 

- the force developed by increasing well pressure on piston 
41 is released only after the temperature of the well ?uid 

> has changed enough to cause the temperature responsive 
=n1eans to .unlatch stern 111 thereby freeing the motor 
7‘ means to expandthe packer and close the valve means. 
For the arrangement of Figs. 11-1213, theoperation of 
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the free piston on its up-stroke is still the same but on 
its downstroke, the packer cannot be expanded and the 
valve means opened until the force developed by the well 
?uid acting on the motor means is'sutlicient to pivot latch 
?ngers 34a outwardly against springs 123.’ By the time 
this happens, the well pressure will be sufficient to pro 
vide'ample' or an excess of force‘ for moving. the piston 
parts to expand the packer and close the valve means. .In 
this manner, the free‘pistou is madepressure responsive 
toiterminate its downstroke and position responsive to 
terminate its Lip-stroke. ‘ 

Referring now to Figs. 15 to l7,‘there is shown an 
embodiment of a free piston similar in many‘respects to 
that of Figs.- 3Al-3C except that triggering of the free 
piston to cause it toclose the ‘by-pass’valve and‘to expand 
the packer at the lower end of‘its stroke'is made respon~ 
sive to the lapse of a predetermined time interval occur 
ring after the'lfree piston leaves the well head. As shown 
in Figs. 15 and 17, stem 52 is provided with a pair of 
abutments 149 having surfaces 156 adapted 'to' respec 
tively engage the upper ends 91 on latch ?ngers 84. ‘Here 
again, a pair of trigger levers 80 are pivoted about pivots 
31 so‘ that the lower ends 82'can swing between retracted 
and extended positions. Each latch ?nger 84 and lever 81) 
is urged to latching position by a single spring 123. Thus, 
with the parts arranged as shown in Figs. 15 and 17, a 
force exerted by the motor means'tending'to move stem 
52 downwardly will be resisted by abutment of the. upper 
ends of latch ?ngers 34 with surfaces 150. As soon as the 
free piston arrives at enlargement 25 in‘the lubricator, 
ends>82 of the levers are free to ?y outwardly and thereby 
relieve the latch ?ngers ‘from: engagement ‘with the stem. 
Upon upward movement of the stem 52 under the in 
?uence of well pressure acting on the motor means, upper 
surfaces 151 on abutments 149 move latch ?ngers 84 
outwardly until surfaces 156 are positioned ‘above .ends 
91. Thereafter, downward'movement of stem 52 is re 
sisted by the latch ?ngers until the free piston arrives at 
enlargement 25 in the lubricator. It will thus be seen that ' 
this latching mechanism is arranged and functions ‘like 
that of Fig. 3B. 
A modi?cation of piston 41 is shown in Fig. 15. It is 

shown with only one O-ring 42 'and with a recuperating 
passage 152 communicating between pressure charge 
dome 45a and the end of piston 41 exposed to well pres 
sure. Flow through this passage is controlled by a suit 
able check valve here illustrated as comprising an O-ring 
153 urged by spring 154 to seat across an annulus com 
municating with the recuperating passage. With this ar 
rangement, dome 45a can be charged so that the pressure 
therein is su?icient that, with the assistance of the spring 
49, the reloading of the free piston will take place as soon 
as levers 80 swing out into enlargement 25 in the lubri 
cator. Spring 154 is made of such strength as to maintain 
the charge pressure in dome 45a at a predetermined value. 
Thus, should ?uid leak into the dome past O-ring 42 while 
the free piston is at a lower level in the well, the increased 
pressure in dome 45a will cause O-ring 153 to move down 
wardly from seated position against the counter force of 
spring 154 until the dome bleeds back down to the pre 
determined pressure. 
Timing means are provided for triggering actuation of 

the free piston at the end of a predetermined time interval 
after the free piston leaves the well head. Thus there is 
provided a timing piston ‘155 reciprocal in a cylinder 156 
de?ned by, a depending portion carried by piston 41. The 
cylinder is ?lled with suitable hydraulic liquid and the 
timing piston is provided with .means permitting it to 
move rapidly in one direction but limiting its movement 
in the other to be at a much slower and predetermined 
rate. Thus as a part of these means, a one-way seal, such 
as lip seal 157, is disposed between the timing piston and 
cylinder 156 so that as piston 155 moves upwardly, an 
etfective seal is ‘formed with the cylinder preventing ?ow 
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of liquid past the seal'from one side of the piston to the 
other. However, when the piston moves downwardly in 
the cylinder, liquid on the lower side of the piston can 
rapidly ?ow past the lip seal to the upper side of the piston. 
To time the piston’s upward movement, a small ori?ce 
or passageway 158 is provided communicating from one 
side of the timing piston to the other. The timing piston 
is moved upwardly by spring 159 extending between piston 
41 and an upper end 160 of a piston rod 161 extending 
through a seal 162 in piston 41. " 

Releasable latch means are provided for holding the 
parts of the ‘free piston in a position such that valve 38 is 
open and packer 37 contracted. These latch means are 
arranged for release by the timing mechanism, upon lapse 
of a predetermined time, to in turn release the motor 
means so that it can close valve 38 and expand packer 37. 
Thus the latch means can comprise a pair of latches 163 
pivoted for swinging movement about pins 164 on stem 
52. Each latch is provided with a shoulder 165 engage 
able with the corresponding shoulder 166 on ?tting 511. 
These shoulders are arranged relative to each other such 
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that when in engagement, valve 38 is in open position _ 
and packer 37 'is in contracted position. 
Means are provided for holding the latches in latching 

position and for releasing'them for movement to unlatch 
ing position. Such means can include a sleeve 167 mov~ 
able downwardly by spring 168 to lie between rollers 169 
on the latches to hold the latter in latching position. The 
sleeve is movable upwardly from between the rollers to 
permit latches 163 to move inwardly to release position. 
A trigger is provided for so moving sleeve 167 responsive 
to predetermined movement of the timing mechanism. 
Thus the trigger can comprise a piston rod 170 extending 
from timing piston 155 and slidable through sleeve 167. 
The rod ‘has a head 171 adapted to engage sleeve 167 and 
move it upwardly as the timing piston nears the end of 
its timing stroke. The piston rod 170, of course, has a 
sliding seal 172 with a partitioning member 173 which 
de?nes-one end of the cylinder in which the piston cp 
erates. . ' 

With the foregoing arrangement and just as the free 
piston leaves the lubricator, the parts will be disposed as 
illustrated in Figs. 15-17. As the free piston falls down 
the tubing, spring 159 moves timing piston 155 upwardly 
at a rate determined by the size of ori?ce 158 and the 
strength of spring 159. During this movement, rod 171) 
moves through sleeve 167 without moving the latter. 
After the timing piston has beenimoved upwardly suf 
?ciently, head 171 engages sleeve 167 and moves it from 
between the latches permitting them to move to un 
latched position. At such time, the free piston is at a 
lower level in the well and the well pressure acts against 
piston 41 with enough force to move it upwardly upon 
release of latches 163 thereby closing the by-pass valve 
and expanding the packer. Upon upward movement of 
piston 41, stem 52 also moves upwardly to position sur 
faces 158 above latch ?nger ends 91. Also, as piston 41 
moves upwardly, timing piston 155 is moved through its 
return stroke by virtue of head 16% abutting a timing rod 
174. It will be noted that the timing piston is free to move 
downwardly even though latches 163 are in release posi 
tion since rod 170 merely slides through sleeve 167. The 
latter, of course, is held in an upper position by virtue 
of latches 163 being held under its lower end by ?tting 51). 
Upon the free piston arriving at the well head, levers 

8d ?y outwardly to release latch ?ngers 84' and permit 
stem 52 and piston 4-1 to move downwardly. As a 
result of such downward movement, latches 163 are 
positioned to move outwardly into latching position 
whereupon spring 169 moves sleeve 167 between the 
rollers of the latches to hold the latter in latching posi~ 
tion. The timing stroke of the timing piston then begins. 

It will be noted that though the timing piston 155 is 
moved in its return stroke as soon as latch parts 163 are 
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released, it does not begin its timing stroke until after 
the free piston arrives at the surface of the well, levers 81) 
move outwardly and piston 41 moves downwardly to 
permit the free piston to begin its downward descent. 

Reference was made above to the fact that the motor 
means could be responsive to a temperature change en~ 
countered as the free piston moves upwardly and down~ 
wardly in the well tubing. In Figs. 18A and 18B is 
shown one embodiment of a free piston incorporating 
such a temperature responsive type of motor means. As 
indicated in Fig. 18A, the upper portion of this free 
piston is essentially like Figs. 3A and 3B and hence 
will not require further description. However, the valve 
arrangement is somewhat difierent in that ?ow through 
ports 54 and 56 is controlled by a valve piston 180 hav 
ing a seal such as Q-ring 181 thereon. The valve piston 
is movable in sleeve 51 between positions above and 
below ports 56. Thus, when valve piston 180 is posi 
tioned below these ports, ?uid can ?ow around the lower 
portion of the free piston, in through ports 56, then up 
wardly through sleeve 51 and ?nally out through upper 
ports 54. Upon upward movement of valve piston 180, 
?ow between ports 54 and 56 will, of course, be inter 
rupted and the valve be in closed position. Such move 
ment of the valve likewise results in movement of pin 
68 to expand and contract the packer in the same man 
ner as described with respect to Fig. 3C. However, here 
spring 71 is fastened to both the lower end of the packer 
and to ring 79 so that it acts in both tension and com 
pression. 
As shown in Fig. 18B, there is provided a motor means 

operable by a temperature change to actuate the free 
piston. Thus, liquid chamber ?tting 182 is closed at its 
bottom end by a ?lling plug 183 and at its upper 
end by a pressure responsive member such as a 
hermetically sealed bellows 184. Chamber 185 is 
partially ?lled with a liquid having vapor pressure char 
acteristics such that the force required for actuating the 
free piston will be developed at the temperatures existing 
at both the upper and lower terminii of the free piston’s 
stroke. The magnitude of the force developed will, of 
course, depend not only upon the liquid chosen and 
the well temperatures encountered but also upon the ef 
fective area of the bellows and the pressure charge, if 
any, in pressure dome 45a. The variables can be ?xed so 
that the required force is developed. The charge in dome 
45a should be sut?ciently greater than the vapor pressure 
of the liquid in chamber 185 ‘at the well head temperature 
that the required force is developed to actuate the free 
piston to begin its downward movement. Similarly, the 
charge pressure must be su?iciently less than the vapor 
pressure at the lower terminus that the force required to 
actuate the free piston is again developed. The charge 
can thus be varied to determine the depth to which the 
free piston will fall. vOne satisfactory liquid is methyl 
alcohol but binary mixtures of liquids can be employed 
to yield a desired vapor pressure range. In any event, 
there will be a portion of the bellows remaining un 
?lled by the liquid which will be ?lled by vapor whose 
pressure will be a function of the well temperature. The 
volume of this cavity should be such that the vapor pres 
sure will always be adequate to move the bellows through 
its intended movement once such movement begins. 
The upper or free end of the bellows is directly con 

nected mechanically with piston 41 by means of a center 
spindle 52a which is pinned by pin 68 to a connector 186 
formed as a part of an extension of bellows head 187. 
The bellows head extension carries a pair of spring arms 
188 terminating in rollers 189. These rollers, upon 
downward movement of the bellows head, engage an in 
clinded surface 190 to be moved inwardly into a slot 191 
in the bellows head extension until. they are positioned 
below shoulders 192. Thereupon, they are moved out 

7. wardly to engage these shoulders and limit upward move 
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ment of the bellows’. head and'spindle v52a until a ‘pre 
determined force has been applied by the motor means 
to cause such movement. .111 this manner, the by-pass 
valve is held in open position and the packer held con 
tracted until the free piston is exposed to a temperature 
sufficiently high to develop the force required to spring 
arms 188 inwardly and thereby release rollers 189 from 
shoulders 192. Thereupon, the motor means ,actuates 
the free piston to close the by-pass valve and expand 
the packer. 

It is preferred that the volume of charge chamber 45a 
be great enough that the axial movement of piston 41 
does not appreciably change the charge pressure. The 
e?ective cross-sectional areas of bellows 184-and piston 
41 are preferably made equal so that the eifect of well 
pressure on the mechanism is canceled out. 

In operation and with spindle 52a in its downmost 
position and the free piston falling down the well, well 
?uids enter through ports 56 andexit through ports 54, 
thereby by-passing packer 37. Spring 71 is during such 
time under su?icient tension to contract the packer to 
such an extent that it is smaller than the tubing bore. 
While the free piston is falling, rollers 189 are posi 
tioned below shoulders 192 to limit upward movement 
of spindle 52a. As the free piston falls, the liquid in 
chamber 185 is heated by the rising temperature of the 
well ?uids and the vapor pressure of the liquid ‘in ,the 
chamber increases. When the total vapor, pressure has 
risen high enough to insure that an axial movement of 
spindle 52a and upper piston 41, once it has been started, 
will continue for a full stroke, the resistance of spring 
arms 188 and rollers 189 is overcome so that the latter 
move inwardly and release the spindle for upward-move 
ment. As the spindle moves upwardly, pin.68 like 
wise moves up to apply force to compress spring 71 and 
thereby expand the packer. With thisarrangement, .it 
will be appreciated that as wear takes place on the out~ 
side of the packer and an increase in axial compression 
movement is needed to achieve the same ?nal diameter, 
less spring thrust, owing to the reduction of wall thick 
ness, will suffice to obtain it. ‘Thus the spring rating is 
selected to obtain conditions in whichthe packer will 
continue to be expanded out to achieve a complete shut 
off despite a comparatively large amount of tolerable 
wear. 

As the spindle 52a moves up and the packer expands, 
valve piston 180 moves above ports 56 to effectively close 
the by-pass passage through the‘ free‘ piston. Also, roll 
ers 89 on stem 52 swing latch ?ngers 84- outwardly until 
the rollers lie above their upper ends. Thereaftendown 
ward movement of stem 52 is prevented until the free 
piston arrives at the lubricator' as described with respect 
to Figs. 3A-3B. 1 

It will also be seen that resiliency is necessary between 
the slow motion provided by the expanding or contract 
ing ?uid in chamber 185 and the rapid movement of 
the spindle 52a. In this embodiment, such resiliency is 

’ provided by the compressibility of the vapor in the bel 
l lows 134 and the gas in pressure charge chamberv 45a. 
It will be appreciated, however, that the elimination of 
the vapor in the bellows and the substitution of spring 
means would provide a mechanical resiliency in place of 
the pneumatic resiliency herein described. 

Various timing arrangements for use with free pistons 
are described and claimed in the above-identi?ed ‘co 
pending ‘application and it will be appreciated that these 
can be employed with the type of free piston herein de 
scribed, i. e., one which is essentially self-contained in 
that it is powered for actuation by a change in a well 
condition, as well as with the surface reloaded type de 
scribed in such copending application. Also, thetem 
perature responsive triggering mechanism, such as is 
‘shown. in Figs. 10 and 11 hereof, can beusedwithithe 
surface reloaded type of free. piston. 'Thesameis .true 
of the bottom stop type of trigger illustrated in Fig. 3C. 
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‘From vthe foregoing it will be seen that this inven 
tion is one well adapted to attain all of the ends and 
objects hereinabove set for 51, together with other ad 
vantages which are obvious and which are inherent to 
‘the system and structure. 

‘It will be understood that certain features and sub 
combinations are of utility and may be employed with 
out reference to other features and subcombinations. 
This is contemplated by and is within the scope of the 
claims. 
As many possible embodiments may be made of the 

invention without departing from the scope thereof, it is 
to be understood that all matter herein set forth or shown 
in the accompanying drawings is to ‘be interpreted as il 
lustrative and not in ‘a limiting sense. 
The invention having been described, what is claimed is: 
1.‘ In a well system, a well conduit; a free piston re 

ciprocal in said conduit, said free piston including motor 
means and also including flow control means carried 
by the free piston and actuated by the motor means to 
alternately limit and permit ?ow of ?uid past the free 
piston upon arrival of the same respectively at a lower 
and an upper level in the well; and means preventing 
the motor means from actuating the ?ow control means 
until the free piston ‘arrives at one of said levels including 
a part carried by the free piston and movable laterally 
thereof between retracted and extended positions, a con 
nection between said part and one of said motor and 

. ?ow control means preventing and permitting actuation 
30 

35 

40 

of the ?ow control means when the part is respectively 
in its retracted and extended positions; said conduithav 
ing an enlarged portion into which said part can move 
to assume its extended position upon arrival ,of the free 
‘piston at said one level; said motor means urging ‘the 
part to extended position as the free piston moves to 
ward said one level and the part being heldv in retracted‘ 

. position by the well conduit as the free pistonpmoves to 
ward and until it reaches said one level wherebyactua 
tion of the ?ow control means is positively prevented 
until the free piston arrives at said one level irrespective 

, of the magnitude [of the force applied theretoby .said 
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motor means. 

2.‘ The system of claim 1 wherein one said part is ,a 
lever pivotally connected to said piston for movement 
of a portion thereof between said retracted and extended 
positions and wherein said connection includesa latch 
?nger pivoted to the lever and engaging ‘said one of the 
.motormeans and ?ow control means to prevent actuation 
of the ?ow control means when the lever is in retracted 
position, the axis of the pivotal connection of the-lever 
with the tool being offset laterally of the locus'of en- . 
gagement between the latch ?nger and said one 'of the 
motor and ?ow control. means so that force exerted by 
the motor means against the latch urges the lever to ex 
tended position. 

3. The. system of claim. 1 wherein said motorrmeans 
includes a pressure responsive means connected-to the 
flow control means and movable by pressure applied 
thereto to actuate the ?ow control means, a closed ?uid 
chamber de?ned at least in part ;by said pressure re 
.sponsive means, and a liquid partially ?lling said cham 
ber and having vapor pressure characteristics such as to 
apply su?‘icientpressure against said pressure responsive 
means as to be able to move it when the liquid is at 
temperatures substantially those at said upper and lower 

. . levels. 

7-4. In a-well system wherein a conduit extends into a 
~ well, a free piston reciprocal in said conduit and having 
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?rst and second relatively movable portions, means per 
mitting ?ow of?uid from one end of the piston to- the 
other responsive .to relative movement of the portions 
in a ?rst direction and {substantially preventing such 
flow responsive to movement of the portions in a second 
.direction,~.motor means urging theportions in said .?rst 
direction when the piston is at one level in the conduit 
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and in said second direction when the piston is at a dif 
ferent level in the conduit, and detent means including 
parts respectively carried by said piston portions and mu 
tually engageable to prevent said relative movement be 
tween said piston portions in one of said directions while 
the motor means is urging said piston portions in such 
direction, one of said parts being movable laterally 
outwardly of the piston to become disengaged with the 
other part to release said piston portions for said rel 
ative movement and being held against such outward 
movement while engaged with the other part by contact 
with said conduit during reciprocal movement of the 
piston, said conduit having an enlarged portion into 
‘which said one part can move to release ‘said piston por 
tions whereby movement of said piston portions in at least 
one direction is restrained until the piston arrives at said 
enlarged portion irrespective of the excess of force ap 
plied by said motor means. 

5. A free piston adapted to reciprocate between upper 
and lower levels in a well conduit which comprises, in 
combination, piston body means having a ?rst portion 
movable between two positions relative to a second por 
tion to permit and restrict flow from one end of the piston 
to the other when the piston is disposed in a well conduit, 
motor means urging said ?rst portion from one to the 
other of its positions responsive to a change in a well con 
dition between said upper and lower levels, and detent 

‘ means adapted to prevent movement of said ?rst portion 
while the piston is moving in at least one direction he 

_ tween said upper and lower levels including a trigger part 
, carried by one of said body portions and movable laterally 
of the piston between retracted and extended positions re 
spectively within and without the outer circumference of 
the largest cross-sectional portion of the free piston so 
"that the well conduit holds the trigger part in retracted 
position while the piston is moving between said two 
levels, and a latch connection between said trigger part 
and the other of said portions preventing movement of 
said ?rst portion from one to the other of its positions 
while said trigger part is in retracted position and releas 
ing said ?rst portion for movement to said- other position 
upon said trigger part moving to extended position. 

6. The piston of claim 5 wherein said latch vconnection 
includes a ?rst element carried by said trigger part and 
engageable, when the trigger part is in said restracted 
position, with a second element carried by said other body 
portion to prevent movement of said ?rst body portion 
from said one to said other position thereof and disen 
gageable from said second element upon movement of the 
trigger part to said extended position, said elements per 
mitting said ?rst body portion to move to said one posi 
tion thereof without movement of said trigger part to ex 
tended position. v 

7. The piston of claim 6 wherein said elements are also 
engageable upon said ?rst body portion tending to move 
from said other position toward said one position to pre 
vent such movement until a predetermined force tending 
to cause such movement has been exerted by said motor 
means whereupon the elements become disengaged. 

8. The piston of claim 5 wherein said trigger part com 
prises a lever pivoted on said one portion and said latch 
connection includes a latch ?nger carried by said lever, 
the latch ?nger engaging an abutment on said other body 

‘portion to prevent movement of said ?rst body portion 
to said other position, the pivot of said lever being offset 
laterally of the engagement between the latch ?nger and 
abutment so that force exerted by the motor means ‘urging 
the latch ?nger and abutment into engagement also urges 
the trigger lever to pivot from retracted to extended 
position. : 

9. The piston of claim 8 wherein said latch ?nger is 
also pivoted to said trigger lever laterally of they engage 
ment between the latch ?nger and abutment to permit 
the abutment to swing the latch ?nger away therefrom so 
the abutment can move past the latch without movement’ 
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‘of the lever to exended position when the ?rst body por 
tionvis moved from said other to said one position. 

10. .A freepiston adapted to reciprocate between upper 
and lower levels in a well conduit which comprises, in 
combination, piston body means having a ?rst portion 
movable between two positions relative to a second por 
tion to permit and restrict ?ow from one end of the piston 
to the other when the piston is disposed in a well conduit, 
motor means urging said ?rst portion from one to the 
other of its positions responsive to a change in a well con 
dition between said upper and lower levels, and a releas 
able latching mechanism for holding the ?rst body por 
tion in one of its positions against force exerted thereon 
by the ‘motor means including a trigger lever pivoted to 
the second portion for lateral movement of the trigger 
lever between retracted and extended positions respec~ 
tively without and within the outer circumference of the 
largest cross-sectional portion of the piston, a latch ?nger 
pivoted to the trigger lever for movement relative to the 
trigger lever between latching and unlatching positions 
and also movable with the trigger lever to unlatching posi 
tion upon movement of the trigger lever to extended posi 
tion, an abutment carried by the ?rst body portion engage 
able with said latch ?nger when the latter is in latching 
position and said trigger lever is in retracted position to 
limit movement of the ?rst body portion toward one of its 
positions, the pivot axis of said trigger lever and the latch 
?nger both being laterally offset from the engagement be 
tween the latch ?nger and abutment so that force exerted 
by the motor means urging the ?rst body portion toward 
said one position also urges the latching ?nger to latching 
position and the trigger lever to extended position to ‘move 
the latch ?nger out of engagement with the abutment and 
~movement of the ?rst body portion toward its other posi 
tion causes movement of the latch ?nger to unlatching 
position without movement of the trigger lever to ex 

. tended position. 
'11. A free'piston ‘adapted to reciprocate between upper 

and lower levels in a well conduit which comprises, in 
combination, piston body means having a ?rst portion 
vmovable between ?rst and second positions relative to a 
second portion to permit and restrict ?ow from one end 
"of the piston to the other when the piston is disposed in 
-a well conduit, motor means urging said ?rst portion 
from one to the other of its positions responsive to a 
change in a well condition between said upper and lower 
levels, and a latching mechanism for releasably holding 
the ?rst body portion in its ?rst and second positions 
until the piston arrives respectively at its upper and lower 
levels including a lever pivoted to the second body por 
tion for movement laterally of the piston between ex 
tended and retracted positions respectively without and 
within the outer circumference of the largest cross-sec 
tional portion of the piston so that the well conduit pre 
vents movement of the lever to extended position while 
the piston is moving between said two levels, a latch 
?nger pivoted to said lever, said ?rst body portion hav 
ing opposing abutment surfaces alternately engageable by 
the latch ?nger to respectively prevent movement of said 
?rst body portion from said one position and from said 
second position; said lever and latch ?nger pivots being 
offset laterally from the abutment surfaces on the ?rst 
body portion so that with the latch ?nger in engagement 
with one of said abutment surfaces and the lever in 
retracted position, a predetermined force exerted on the 
?rst body portion by the motor can pivot the latch ?nger 
out of engagement with the ?rst body portion without 
extending the lever and with the latch ?nger in engage 
ment with the other of said abutment surfaces, force 
applied to the ?rst body portion moves the lever to 

- extended ‘position to disengage the latch ?nger from the 

75 

?rst body portion. 
12. In a well apparatus wherein there is provided a 

motor means and also ?rst and second portions movable 
between two positions relative to each other by said motor 
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means, a latching mechanism holding thep?rst, portion 
in one of ‘its positions and then releasing it for movement 
to its other position including a part’ carried by the ?rst 
portion and movable laterally‘relative to the apparatus 
between a retracted position and extended position respec 
tively within and without the outer circumference of the 
largest cross-sectional portion of the well apparatus, and 
a force transmitting connection between said part and 
said second portion preventing said relative movement 
between. the pontions from one to the other of their 
positions despite force applied by the motor means to 
cause such movement, said connection transmitting said 
force to the part to urge it to said extended position and 
being releasable upon movement of the part to extended 
position to permit said relative movement, 

13. The apparatus of claim 12 wherein a connection 
is also provided to prevent said relative movement be 
tween the portions from said another to said one of their 
positions, the last mentioned connection being releasable 
upon thev mot-or means exerting a force of predetermined 
magnitude urging the ?rst and second portions in their 
relative movement from said another to said one position. 

14. The apparatus of claim 13 wherein the last men 
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tioned connection transmits force from the ?rst portion . 
to said partbefore the connection is released to urge the 
part to retracted position. , p 

15. The apparatus, of claim 12 in combination with 
a second latching mechanism holding the ?rst portion in 
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one of its positions and then releasing it for movement _ _ 
to said one position including a latch forming a releasable 
connection between said portions when the latter are in 
their second position to prevent movement to the ?rst 
position, and‘ a, trigger for said latch movable to dis 
engage the, latch from, one of, said portions and including 
a part engageable by an instrumentality exteriorly of the 
apparatus tomove the, trigger to disengage the latch. 

16. The apparatus of claim 12 in combination with a 
second latching mechanism holding the ?rst portion in 
theother of its positions and then releasing it for move 
ment to its one position including a latch carried by one 
portion and engageable with the other when the portions 
are in their second position to prevent movement to the 
?rst position, temperature sensitive means connected to 
said latch to move it to disengage it from said other por 
tion upon the temperature sensitive means being exposed 
to a temperature of predetermined magnitude. 

17. A free piston adapted to reciprocate between upper 
and lower levels in a well conduit which comprises, in 
combination, piston body means having a ?rst portion 
movable between two positions relative to a second por 
tion to permit and restrict flow from one end of the piston 
to the other when the piston is disposed in a well conduit, 
motor means generating a force of ‘a magnitude which 
varies with a change in a well condition towhich the 
motor means is exposed as the free piston moves between 
said upper and lower levels, said motor means being 
connected between said ?rst and second portions to apply 
said force therebetween to urge said ?rst portion from 
one to the ‘other of its positions, and a latching mechanism 
preventing movement of the ?rst portion from said one 
to the other of its positions while the piston is moving 
between said upper and lower levels including a releasable 
latch connecting between said portions upon movement 
of the ?rst portion to said one position to prevent its 
movement to said another position, and trigger means 
connected to the latch to move the latch out to releasing 
position responsive to movement of the trigger means by i 
an instrumentality exteriorly of the piston. 

18. The piston of claim 17 wherein said trigger means 
includes a-plunger which in a locking position holds the 
latch in engagement with said portions and movable to 
releasing position to permit the latch to move out of such 
engagement, said plunger when in said locking position 
extending to the exterior of the piston to engage a stop 
for moving the plunger to releasing position. 

19. A free piston adapted to reciprocate between upper 
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and lower levels. in a well conduit which comprises, in 
combination, a piston body means having a ?rst portion 
moveable between two positions relative to a second por 
tion to permit and restrict flow from one end of the 
piston to the other when the piston is disposed in a well 
conduit, motor means generating a force of a magnitude 
which varies with a change in, a well condition to which 
the motor means is exposed as the free piston moves 
between said upper and lower levels, said motor means 
being connected between said ?rst and second portions 
to apply said force therebetween to urge said ?rst portion 
from one to the other of'its positions, and a latching 
mechanism preventing movement of the ?rst portion from 
said one to the other-‘of its positions while the piston is 
moving between said upper and lower levels including a 
releasable lat-ch connected between said portions upon 
the movement of the first portion to its one position to 
prevent its movement to said another position, and torn 
perature sensitive trigger means connected to the latch 
and operable independently of the motor means to move 
the latch to release one of the portions upon the tem 
perature sensitive‘trigger means being at a temperature 
of predetermined magnitude. 

20.‘ A free piston adapted to reciprocate between upper 
and lower levels in a well conduit which comprises, in 
combination, piston body means including flow control 
‘means actuatable to prevent and permit flow from one 
end of the free piston to the othenmotor means generat 
ing a force of a magnitude which varies with a change in 
well condition to which the motor means is exposed as the 
.free piston moves between said upper and lower levels, 
said motor means being connected to said ?ow control 
means to apply said force thereto to ‘actuate the flow 
control ‘means as aforesaid, means carried by the body 
means engaging one of the motor means and ?ow control 
‘means to prevent actuation of the ?ow control means by 
the motor means while the free piston moves from one 
levelv to the other and being releasable to permit such 
actuation responsive to the free piston’s arrival at said 
other level, latch means carried by the body means en 
gaging one of the motor means and control means to pre 
vent actuation of the flow control means by the motor 
means while the free piston moves from said other to 
said one level and trigger means having a connection with 
the latch means and movable to release the latch means 
to permit such actuation responsive to the free piston 
striking a stop at said one level in said conduit. ‘ 

21. The piston of claim 20 wherein the ?rst mentioned 
actuation preventing means includes a trigger movable be 
tween retracted and extended positions respectively with 
in and without the outer circumference of the largest 
cross-sectional portion of the free piston, and a connec— 
tion between said trigger and one of said motor and flow 
control means preventing actuation of the latter while the 
trigger is in retracted position and releasable to permit 
actuation of the ?ow control means upon the trigger mov 
ing to extended position. _ 

22. The free piston of claim 21 wherein said trigger 
means includes a movable part exposed for engagement 
with means carried bv the well conduit to move the part 
to release the latch upon arrival of the free piston at said 
one level and engagement of said means carried by the 
well conduit with‘ said part. 

23. A free piston adapted to reciprocate between upper 
and lower levels in a well conduit which comprises, in 
combination, piston body means including ?ow control’ 
means actuatable to prevent and permit flow from one 
end of the free piston to the other, motor means generat 
ing a force of a magnitude which varies with a change in 
well condition to which the motor means is exposed as the 
free piston moves between said upper and lower levels, 
said motor means being connected to said flow control, 
means to apply said force thereto to actuate the ?ow con 
trol means as aforesaid, means carried by the free 
piston and preventing actuation of the ?ow con 
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trol means by the motor means while the free piston 
moves from one level to the other and being re 
leasable to permit such actuation responsive to the free 
piston’s arrival at said other level, and means carried by 
the free piston and preventing actuation of the ?ow con 
trol means by the motor means while the free piston 
moves from said other to said one level including a latch 
engageable to resist force applied by the motor means to 
actuate the ?ow control means and temperature sensitive 
means operable independently of the motor means to 
move the latch to releasing position responsive to the 
temperature sensitive means being at a predetermined tem 
perature. 

24. A free piston adapted to reciprocate between upper 
and lower levels in a well conduit which comprises, in 
combination, piston body means having ?rst and second 
portions, the ?rst portion being movable between two 
positions relative to the second portion to permit and 
restrict flow from one end of the piston to the other when 
the piston is disposed in a well conduit; motor means con 
nected to said ?rst portionto urge the same from one to 
the other of its positions responsive to a change in a well 
condition between said upper and lower levels; detent 
means preventing relative movement between said por 
tions while the free piston is moving in one direction in 
the well including a trigger part carried by one of the 
body portions and movable laterally of the free piston 
between retracted and extended positions such that the 
well conduit holds the trigger part in retracted position 
while the free piston is moving between said two levels, a 
latch connection between said trigger part and the other of 
said portions preventing movement of the ?rst portion 
from one to the other of its positions while the trigger 
part is in retracted position and releasing the ?rst portion 
upon the trigger part moving to extended position; a‘ latch 
mechanism carried by one of the portions and engageable 
with the other portion when the ?rst portion is in said other 
position; and timing means connected to the latch mecha 
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nism to release the same upon lapse of a predetermined 
time interval. 

25. The free piston of claim 24 wherein said timing 
means includes a timing piston reciprocal in a cylinder, 
a restricted ?ow passage between opposite ends of said 
piston to time its movement, and means for releasing the 
latch mechanism upon the timing piston moving through 
a predetermined distance. 

26. A free piston adapted to reciprocate between upper 
and lower levels in a well conduit which comprises, in 
combination, piston body means including ?ow control 
means actuatable to limit and permit ?ow from one end 
of the free piston to the other, motor means generating a 
force of a magnitude which varies with a change in well 
condition to which the motor means is exposed as the 
free piston moves‘ between said upper and lower levels, 
said motor means being connected to said ?ow control 
means to apply said force thereto to actuate the flow con 
trol means as aforesaid, means preventing actuation of 
the flow control means by the motor means while the 
free piston moves from one level to the other and being 
releasable to permit such actuation responsive to the free 
piston’s arrival at said other level, said means preventing 
actuation also being releasable to permit actuation upon 
the free piston arriving at said one level, and timing 
means having a connection with the actuation preventing 
means for so releasing the actuation preventing means 
upon the lapse of a predetermined time interval after the 
free piston leaves said other level. 
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