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5 Claims. (C. 255-27) 

This invention relates to a device for use in well drill 
ing operations to give a vigorous jar or impact to a string 
of pipe, stuck tools and the like which are lodged in 
a well bore, and more particularly relates to a hydro 
statically balanced jar in which the cocking mechanism 
is subjected to substantially the same hydrostatic well 
pressure on each end thereby allowing the cocking mech 
anism to be easily cocked regardless of the fluid pressure 
in the well. 

In drilling wells, operations are frequently hampered 
because tools or the string of pipe operating these tools 
become lodged in the bore hole and cannot be dislodged 
by usual means of pulling or torquing from the surface 
of the earth. This difficulty has partially been overcome 
by the development of jarring tools designed to dislodge 
the tools or pipe by jarring or impacting, some of which 
provide a jarring action while the tools or pipe are under 
an upward stress which permits a continuous pull on the 
tool or pipe during and after the blow and more effec 
tively transmits the force of the blow to the formation 
from which the lodged article is desired to be freed. 
Certain of such jarring devices of this type make use 
of gas under pressure to impart the necessary jar, and 
one such device is shown in Patent No. 2,801,078 for a 
Hydraulic Jar granted July 30, 1957, on application of 
Weldon L. Medders and Arnal B. Foreman, Jr. While 
that device and other jars can be used satisfactorily dur 
ing ordinary drilling operations, difficulty has been en 
countered in high pressure wells, after the cocking mem 
ber has cocked the hammer element, in raising the cock 
ing member to a position to take tension on the struck 
drill pipe. This is caused by the high pressures in the 
operating pipe acting on the cocking member and its 
assembly requiring that the cocking action also overcome 
this force in addition to applying tension on the drill pipe 
before the jar will become effective. 

Accordingly, it is an object of the present invention 
to provide a hydraulic jarring device with a cocking 
member that is hydrostatically balanced. 
A further object of the present invention is a provision 

of a hydraulic jar in which pressure is provided from 
below the cocking member to offset the hydrostatic pres 
Sure above the cocking member. 
A still further object of the present invention is the 

provision of a balancing piston and packed off areas 
which provide a hydrostatically balanced jar for use re 
gardless of the well pressures in which the jar is used. 

Other and further objects and features will be apparent 
from the following description of an example of the 
invention given for the purpose of disclosure, taken in 
conjunction with the accompanying drawing, where like 
character references designate like parts throughout the 
several views, and where: 

Figure 1 is a sectional side elevation of a hydrostat 
ically balanced jar construction in accordance with the 
invention showing the jar at the moment the hammer ele 
ment is cocked. 

Figure 2 is a sectional side elevation illustrating the 
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device of Figure 1 cocked and with an upward stress 
being taken on the jar, 

Figure 3 is a view similar to Figure 1 and illustrates 
the hydrostatically balanced jar at the moment of jarring, 

Figures 4A, 4B, 4C, 4D and 4E are enlarged frag 
mentary views of adjoining longitudinal sections, partly 
in section, of a hydrostatically balanced jar constructed 
in accordance with the invention shown at the moment 
of jarring. 

Figure 5 is a cross sectional view taken along the line 
5-5 of Figure 4B, and 

Figure 6 is an enlarged fragmentary view, partly in 
section, of the check valve assembly of the present in 
vention. 

Referring now to the drawings, and particularly to 
Figure 1, the hydrostatically balanced hydraulic jar in 
cludes an elongated, substantially tubular, body 10, the 
lower end of which may be threaded or otherwise se 
cured to the joint or substitute 12 (Figure 4E) which in 
turn is threaded or otherwise secured to a section of pipe 
or to a drilling or fishing tool, as the case may be. 
The body 10 has an upper chamber 14, a middle cham 

ber 16, and a lower chamber 18 with the lower end of 
the upper chamber 14 and the upper end of the middle 
chamber being formed by the stuffing box or upper par 
tition 20 and the lower end of the middle chamber 16 
and the upper end of the lower chamber 18 being formed 
by the stuffing box or lower partition 22. It will be noted 
that these stuffing boxes 20 and 22 are spaced from one 
another and also from the ends of the body 10. As 
will be apparent later, the upper chamber 14 is provided 
in a certain portion with gas to effect a hammer action, 
and the middle chamber 6 is provided with a noncom 
pressible liquid to initially retard the upper movement of 
a hammer element. 

Extending downwardly into the upper end of and slid 
able in the upper chamber 14 is an elongate support and 
cocking member generally indicated by the reference 
numeral 24, which includes the cocking piston 26 slid 
able in the upper chamber 14. Referring now to Fig. 
ures 4A and 4B it can be seen that preferably a brass 
bearing ring is provided on the cocking piston 26 to bear 
against the inner wall of the upper chamber 14. No 
packing on the cocking piston is needed as there is no 
fluid to be sealed by the cocking piston 26. The cocking 
and support member 24 also includes the hollow torque 
rod 30 which is secured to a top substitute 32 for suitable 
connection to a string of pipe 34 for manipulation in the 
Well bore. As illustrated this top substitute is a double 
box joint into which the torque rod 30 and the manipu 
lating pipe 34 are threadably secured. In order that 
rotation of the manipulating pipe to which the jar is se 
cured may be transmitted to the jar and through it to 
articles below, the torque rod 30 may be of any suitable 
shape other than round with a complementary surface in 
the upper portion of the body 10. As best seen in Figures 
4A, 4B, and 5 the preferred form of torque rod 30 in 
cludes the keys 36 which are longitudinally slidable in 
the keyways 38 in the body 10. As best seen in Figure 
4A the torque rod 30 slidably extends through a pack 
ing gland 40 threadedly secured in the upper end of the 
body 10 which packing gland 40 holds in place sealing 
means such as the chevron packing 42 so that that por 
tion of the torque rod 30 which slidably extends through 
the upper end of the body 10 is sealed against the pas 
Sage of fluid into the body 10 from the exterior of the 
tool. 
Asbest seen in Figure 4B that portion of the upper 

chamber 14 in which the keyways 38 are located is of 
reduced diameter from that portion in which the cock 
ing piston 26 moves with said reduced portion terminat 
ing in a downwardly directed shoulder 44. The cock 
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ing piston 26 has an external diameter greater than the 
internal diameter of this shoulder 44 in order that an 
upward pull may be exerted on the jarring device and 
the device may be suspended as it is lowered or raised 
into and from the well bore. . 

Located in the body 10 is the elongate slidable ham 
mer element, generally indicated by the reference nu 
meral 46 (Figures 1, 4B-4E), which hammer element 
includes the upper piston 48 located in the upper cham 
ber 14 and the lower piston 50 in the middle chamber 
16 connected to each other by means of the hollow pis 
ton rod 52 through the upper partition or stuffing box 20. 
While no packing is required on the cocking piston 

26, the upper piston 48 of the hammer element 46 is 
sealed against the passage of gas from below it such as 
by (Figures 4B and 4C) packing 54, held in place on the 
upper piston 48 between the retaining member 56 and 
a brass bearing ring 58. Another brass bearing ring 
60 may be located near the lower end of the upper pis 
ton 48 (Figure 4C). For lightness the upper piston 48 
between the two brassbearing rings 58 and 60 is turned 
down as at 62. The upper partition or stuffing box. 20 
has a slidable but fluid tight engagement with the piston 
rod 52 and is provided with packing 64 to help prevent 
leakage of fluid between the upper and middle cham 
bers 14 and 16, respectively. 
As illustrated, the cocking piston 26 is made integral 

with the lower end of the torque rod 30 except for the 
lower contact ring 66 and similarly the upper piston 48 
is formed integrally with the piston rod 52 except for 
the retaining member and contact ring 56. The arrange 
ment illustrated is satisfactory; however, the various pis 
tons may be secured in any preferred manner. 
The middle chamber 16 is reduced in diameter at its 

lower end by the delay sleeve 66 (Figure 4D) into which 
the lower piston 50 snugly fits. Located on the surface 
of the upper end of the lower piston 50 are a series of 
circumferentially spaced guide lugs 68 to guide the lower 
piston 50 when it is above the delay sleeve 66. Thus, 
when the lower piston, 50 is positioned above the delay 
sleeve 66 liquid in the middle chamber 16 is free to pass 
around this lower piston 50 between the guide lugs 68 
but when the lower piston 50 is in the position illus 
trated in Figure 1 the leakage of liquid from above the 
lower piston 50 will be slow thereby initially retarding 
upward movement thereof; however, when the lower 
piston 50 moves out of the delay sleeve 66, the liquid 
readily flows around the lower piston 50 between the 
guide lugs 68 thereby permitting substantially unhindered 
upward movement of the lower piston, 50. 
To facilitate downward movement of the piston 50 into 

the delay sleeve 66 there is a check valve assembly 70- in 
fhe upper portion of the lower partition 22 (Figures 4D 
and 6) which permits flow of liquid through the check 
valve assembly 70 and a by-pass passage 72 extending 
from the check valve assembly 70 to the middle cham 
ber 16 above the delay sleeve 66, but which prevents 
the flow of fluid upwardly from below the lower piston 
50 when it is positioned in the delay sleeve 66. Thus, 
the hammer element 46 may be readily cocked with the 
lower piston 50 iocated in the confined space at the 
lower, end of the middle chamber or cylinder 16. Any 
suitable check valve arrangement may be utilized which 
is so constructed and arranged to prevent the flow of 
liquid downwardly around the lower piston 50 as it moves 
?upwardly in the restricted portion of the middle cham 
ber 16 and to permit rapid movement around the lower 
piston 50 as it moves downwardly. 
Asbest seen in Figures 4C and 4E a valve such as 

the inlet port 76 closed by the threaded closure mem 
ber 78 is: provided in the upper partition 20 so that gas 
under pressure may be provided- to the upper chamber 
14 below the upper piston. 48. Likewise, a valve such 
as the inlet port'80 closed by the threaded closuremem 
ber 82 (Figure 4E) is provided-in-the lower partition 
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4 
22 so that liquid may be provided to the middle cham 
ber 16. It is advantageous to provide the inlet ports 
76 and 80 at the partitions 20 and 22 inasmuch as the 
metal is thicker at these points and permits of maximum 
strength and compactness. 
Asbest seen in Figures 1, 2 and 3 the lower piston 

chamber 18 contains a balancing piston 84 connected to 
the supporting member 24 by the hollow connecting rod 
86 extending slidably through the lower partition 22 and 
slidably through the hollow piston rod 52 of the ham 
mer element 46 for movement with said Supporting mem 
ber 24. The hollow connecting rod 86 includes a hol 
low support section 87 secured to its upper end by Weld 
ing at 85 (Figure 4A). At the upper end of the sup 
port section 87 is an enlarged external diameter portion 
89 forming a downwardly facing shoulder 91 which is 
received by and supported by an internal shoulder 93 on 
the substitute 32. Packing, such as the O-ring 95 pre 
vents the passage of fluid between the substitute 32 and 
the enlarged diameter portion 89 and nuts.97 threaded 
into the substitute 32 hold the enlarged diameter porº 
tion 89 against the internal shoulder 93. This con 
necting rod 86 is hollow to provide a passage for fluid 
from the string of manipulating pipe 34 above the hy 
draulic jar to below the hydraulic jar. Where this con 
necting rod passes through the lower partition 22 leak 
age of fluid between the lower partition 22 and the con 
necting rod 86 is prevented such as by the packing 88 
(Figure 4E) held in place by a retainer ring 90. Fluid 
from the middle chamber 16 is prevented from flowing 
along the connecting rod 86 by the packing 92 in the 
lower piston 50 (Figure 4D). The balancing piston 84 
(Figure 4E) is threadedly secured to the lower end of 
the connecting rod 86 although it may be made integral 
therewith and the passage of fluid from above the bal 
ancing piston 84 to below it between the connecting rod 
86 and the balancing piston 84 is provented by pack 
ing 94. The passage of fluid around the balancing pis 
ton 84 between it and the inner wall of the lower cham 
ber 18 is prevented by chevron packing 96 on the bal 
ancing piston 84. Between the lower-partition 22 and 
the balancing piston 84 the lower piston chamber 8 is 
filled with a compressible gas, such as air, while the 
space below the balancing piston. 84 is fillied with drill 
ing fluid passing downwardly through the hollow connect 
ing rod 86. 
The function of this balancing piston 84 is to exert 

an upward force through the action of the hydrostatic 
pressure of the drilling fluids below the balancing piston 
84 which upward force is applied through the connect 
ing rod 86 to the support member 24 and is equal to 
the downward component of hydrostatic force of drill 
ing fluids in and around the support member 24. This 
downward component or met downwardly directed hy 
drostatic force on the support member 24 exists be 
cause the lower end of the support member 24 is in the 
upper chamber 14 and not in contact with the drilling 
fluids and therefore not subject to an upward force of 
the hydrostatic pressure of drilling fluids. Because the 
body 10 is held fixed against upward movement when 
pipe below the jar is stuck and the support member 24 
is being lifted after the cocking stroke as described 
later, the hydrostatic force acting upwardly on the body 
10 is not transmitted to the support member 24 while 
the support member 24 is being raised after the cocking 
stroke. This results in a downwardly directed compo 
nent of hydrostatic force which is the hydrostatic force 
on an area equal to that cross sectional area of the 
support member which is not subject to the upward 
force of the hydrostatic pressure of such drilling fluids. 
The net downwardly directed hydrostatic force on the 
support member 24 that must be overcome when this 
Support member 24 is raised is equal to the hydrostatic 
force on an area occupied by the wall thickness of the 
least diameter. portion of the support member 24 ex 
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terior of the body 10 which portion is the torque rod 30. 
Therefore, the exposed area on the lower side of the 
balancing piston 84 in excess of the wall thickness of 
the connecting rod 86 is approximately equal to the 
area occupied by the wall of the torque rod 30. The 
upward hydrostatic force on this lower balancing piston 
84 eliminates the effect of the net downwardly directed 
hydrostatic force that must be overcome when raising 
the support member 24, which is considerable in deep 
Wells, and the upward movement of the support member 
24 may be accomplished without having to overcome this 
hydrostatic force. 

It should be noted that the length of the connecting 
rod 86 is such that when the support member 24 is in its 
uppermost position as illustrated in Figure 2 the balanc 
ing piston 84 does not contact the lower partition 22. 
The air or other compressible gas existing in the lower 
(chamber 8 between the balancing piston 84 and lower 
partition 22 is easily compressed upon such upward move 
ment of the balancing piston 84. 

in operation, the intermediate chamber 16 is sub 
stantially filled with a noncompressible liquid through 
the port 80 and the upper chamber 14 below the upper 
piston 48 is filled with gas under high pressure through 
the port 76. Ordinarily, the pressure of the gas, pref 
erably nitrogen, would be of the order of the pressures of 
the formation at which the tool is to be used; although, 
other pressures may be used. The hydraulic jar then 
may be threaded into a string of pipe for ordinary drill 
ing operations or may be threaded to a string of pipe and 
a fishing tool for running ordinary fishing operations, as 
desired. 
Assuming that the hydraulic jar is connected in a 

string of pipe during normal drilling operations, fluid 
may be circulated downwardly through the string of pipe 
34, through the tool, and downwardly to the bit and out 
to perform its usual function. In the event the bit and/ 
or part of the string of pipe to which it is connected be 
comes stuck or lodged in the well bore, the pipe and/or 
bit may be jarred loose in the following manner. All 
or a portion of the weight of the string of pipe above the 
tool is permitted to bear on the jar which lowers the 
support member 24 thereby moving the cocking piston 
26 downwardly which engages the upper piston 48 and 
mcves the hammer element 46 downwardly into the posi 
tion illustrated in Figure 1. This downward movement 
serves to cock the hammer element 46. When the lower 
piston 50 moves downwardly the noncompressible liquid 
in the middle chamber 6 will flow rapidly through the 
check valve assembly 70 and the fluid passage 72 permit 
ting the lower piston 50 to rapidly fit into the delay sleeve 
66 thereby permitting rapid and ready cocking of the 
hammer element 46. This same downward movement of 
the support member 24 through the action of the con 
necting rod 86 moves the balancing piston 84 downward 
ly into the position shown in Figure 1. 
When it is desired to exert a force upon stuck pipe or 

tools or both, the string of pipe 34 to which the Support 
member 24 is connected is elevated at the surface to raise 
the cocking piston 26 to the position illustrated in Figure 
2 and an upward stress taken on the body 10. During 
this upward movement of the support member 24 the 
hydrostatic force directed upwardly below the balanc 
ing piston 84 and acting on it overcomes the net down 
wardly directed hydrostatic force on the support mem 
ber 24 so such hydrostatic force need not be overcome 
by pulling upwardly on the drilling string. Due to the 
slowness of leakage of liquid about the lower piston 50 
in the confined space of the delay sleeve 66 at the lower 
end of the middle chamber 6 the hammer element 46 
which is forced upwardly by the pressure of the gas un 
der the upper piston 48 is initially restrained from up 
ward movement and considerable upward strain may be 
exerted on the hydraulic jar pipe and tools to which it 
is connected before the jarring action takes place. After 
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6 
a short time interval the lower piston 50 will move out 
of the confined space of the delay sleeve 66 thereby per 
mitting the liquid in the middle chamber 6 to by-pass 
the lower piston 50 between the guide lugs 68. The tre 
mendous pressure of gas between the under side of the 
upper piston 48 and the upper side of the upper partition 
20 will urge the hammer element 46 violently upward. 
Depending upon the length of the piston rod 52 connect 
ing the lower piston 50 and the upper piston 48, a vio 
lent impact will occur between the upper surface of the 
upper piston 48, which may be throught of as hammer sur 
face, and the lower surface of the cocking piston 26, 
which is in effect an anvil surface. This arrangement is 
illustrated in Figure 3 showing the parts in position at 
the moment of impact. 

if desired, the piston rod 52 may be shortened so that 
the upper surface of the lower piston SG is the hammer 
Surface and the lower surface of the upper partition 20 
is the anvil surface. Obviously, if desired, both the lower 
Surface of the cocking piston 26 and lower surface of 
the upper partition 20 may be impacted simultaneously. 
When the cocking piston 26 is struck the force of the 

impact on this cocking piston 26 is transmitted to the 
body 10 through the contact of the cocking piston 26 with 
the shoulder 44 in the upper chamber 4 although, if 
desired, the upper ends of the keys 36 could be in con 
tact with the upper end of the body ( and transmit the 
force of this blow on the cocking piston 26 to the body 
19. 

Thus, a violent jarring action is provided to the string 
of pipe and tools secured thereto, which jarring action 
takes place when the string of pipe and tools are under 
an upward stress. The cycle of jarring may be repeated 
as many times as desired by merely lowering the string 
of pipe from the Surface and then taking an upward stress 
thereon. In taking such upward stress the string of pipe 
34 does not have to overcome the met downwardly di 
rected hydrostatic force on the cocking member 24 be 
cause it is neutralized by the action of the balancing 
piston 84. Because the hydrostatic pressure acting on 
the balancing piston 84 as it overcomes in the support 
member 24 the jar is hydrostatically balanced regard 
less of the amount of hydrostatic pressure. 
The cycle of jaring may be repeated as many times as 

is desired by merely lowering the string of pipe from the 
Surface and then taking an upward stress thereon. When 
the tool or pipe has become dislodged, the drilling op 
eration may be continued without the necessity of remov 
ing the tool, or string of pipe to the surface or the pipe 
aid hydraulic jar may be removed as desired. 

It is apparent that numerous changes in details and re 
arrangements of the parts may be made, and the hydro 
statically balanced jar is well adapted to carry out the ob 
jects set forth and other objects inherent therein. 

Accordingly, it is desired to be limited only by the 
spirit of the invention and the scope of the appended 
claims. 
What is claimed is: 
1. A hydrostatically balanced jar for use in a well bore 

comprising; a substantially tubular first member adapted 
for insertion in the well bore having upper and lower 
aligned piston chambers; an axial passageway connecting 
said piston chambers; an elongate support member hav 
ing a longitudinal passageway throughout and having a 
portion extending into the upper piston chamber, said 
Support member being slidable relative to the first mem 
her; engageable stop means on the first member and sup 
port member to limit upward movement of the support 
risenber relative to the first member; an elongate hammer 
element slidable in the first member having a longitudinal 
passageway throughout and including a piston located in 
the upper piston chamber; means within the first mem 
ber for urging the hammer element violently upward; de 
lay means associated with the hammer element retarding 
upward movement of the hammer element during an ini 
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tial part of its upward movement; a balancing piston in 
the lower piston chamber exposed to well fluid pressure 
on its underside; a rigid tubular connecting rod secured 
to the support member and balancing piston and slidably 
extending through the passageway connecting the piston 
chambers and the passageway through the hammer elle 
ment, said balancing piston having a fluid passageway 
therethrough in communication with the interior of the 
tubular connecting rod, said balancing piston having an 
exposed underside of area approximately equal to the 
area occupied by the wall thickness of the coinecting 
rod and the wall thickness of the least diameter portion 
of the support member exterior of the first member; 
means in the passageway connecting the piston cham 
bers, to sealingly engage the connecting rod against fluid 
passage exterior of the connecting rod; said portion of 
the support member extending into said upper piston 
chamber engaging said hammer element to force the han 
mer element downwardly thereby cocking the jar on such 
downward movement of the support member relative to 
the first member; the delay means delaying for a substan 
tial period the occurrence of a biow by said hammer ele 
ment until the support member may be elevated to ei 
gage the stop means and exert a direct upward stress on 
said first member. 

2. A hydrostatically balanced hydraulic jar for use in 
a well bore comprising; a substantially tubular first mem 
ber adapted for insertion in the well bore; upper and 
lower partitions within the first member spaced from 
ends of the first member separating the first member into 
upper, middle, and lower piston chambers; mutually 
aligned passageways through the partitions; an elongate 
Support member having a longitudinal passageway 
throughout and having a portion extending into the up 
per piston charaber, said support member being slidable 
relative to the first member; engageable stop means on the 
first member and support member to limit upward move 
ment of the Support member relative to the first mem 
ber; an elongate hammer element having a longitudinal 
passageway throughout, said hammer element including an 
upper piston located in the upper piston chamber, a piston 
rod secured to the upper piston and slidably extending 
downwardly through the passageway in the upper partition, 
and a lower piston secured to the piston rod and located 
in the middle piston channber, said hammer element 
being slidable relative to the first member; means in the 
upper partition to sealingly engage the piston rod against 
fluid passage externally thereof; valve means to add gas 
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under pressure within the upper piston chamber under 
the upper piston for urging the hammer element vio 
lently upward; delay means associated with the hammer 
element retarding upward movement of the hammer ele 
::ient during the initial part of its upward movement; a 
balancing piston in the lower piston chamber exposed 
to well fluid on its underside; a rigid tubular connecting 
rod secured to the support member and balancing piston 
and slidably extending through the lower partition and 
the passageway through the hammer element, said bai 
arcing piston having a fluid passageway therethrough in 
communication with the interior of the tubular connect 
ing rod, said balancing piston having an exposed under 
side of area approximately equal to an area occupied by 
the wall thickness of the connecting rod and the wall 
thickness of the least diameter portion of the support 
member exterior of the first member; means in the lower 
partition to sealingly engage the lower partition and con 
necting rod against fluid passage external of the connect 
iiig rod; said portion of the Support member extending 
into said upper piston chamber engaging said hammer 
element to force the hammer element downwardly there 
by cocking the jar on downward movement of the sup 
port men ber relative to the first member, the delay 
Beans delaying for a substantial period the occurrence 
of a blow by the hammer element until the support mem 
ber may be elevated to engage the stop means and exert 
a direct upward stress on said first member. 

3. The invention of claim 1 in which the means with 
in the first member for urging the hammer element vio 
lently upward includes gas under pressure. 

4. The invention of claim 2 in which the delay means 
includes a small bore portion in the middle piston cham 
ber spaced below the upper partition closely fitting the 
iower piston and a fluid by-pass around the lower piston 
from below the small bore portion to above the smail 
bore portion; and valve means to add a substantially 
non-compressible liquid substantially filling the middle 
piston chamber. 

5. The invention of claim 2 in which the means with 
in the first member for urging the hammer element vio 
iently upward includes gas under pressure. 
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