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This invention relates in general to a device for cush 
ioning shocks and vibrations upon the drill string and bit 
in the drilling of a well. More particularly, it relates to 
an improved device of this type which is connectible in a 
Totary drill string useful in the drilling of oil and gas wells 
in which a drilling mud is circulated through the drill 
string and bit. 
One of the more serious problems resulting from the 

shock and vibration encountered in the rotary drilling of 
oil and gas wells is the wear on the rotating cones of the 
bit. This same shock and vibration can also be harmful 
to the drill collars and joints of drill pipe above the bit, 
particularly the threaded connections between them. 
These problems become more serious as the drilling pro 
ceeds, because the formation generally becomes corre 
spondingly harder. 

In a prior device of this general type, a heavy rubber 
sleeve is vulcanized to relatively movable tubular parts of 
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the drill string so as to cushion torsional as well as com 
pressive loads. However, the use of this device is limited 
not only by the fatigue of the rubber, but also by bottom 
hole temperatures which generally rise as a well is drilled 
deeper. Also, of course, when the rubber sleeve is re 
placed, the device must be taken to the shop. 

In another device of this general type, a jet nozzle is dis 
posed within the bore of one of a pair of relatively mov 
able tubular parts of the drill string so as to create a dif 
ferential pressure across the upper end of the one part. 
Although this provides a downwardly directed force for 
cushioning compressive loads on the bit and drill string, 
this force is limited to the pressure drop created across the 
jet nczzle. Furthermore, since less pressure drop is avail 
able as the well is drilled deeper, the available cushioning 
force will actually decrease as the need for same becomes 
greater. Still further, the use of the jet nozzle within the 
cushioning device necessarily deprives the bit of a jetting 
action which would increase its drilling efficiency. 
An object of this invention is to provide a device of this 

general type which is not subject to the above-noted short 
comings. 
A more particular object is to provide such a device 

which, as a practical matter, is not limited in its use by 
bottom hole temperature. 
Another object is to provide such a device which has a 

long, useful life, which seldom requires repair and which, 
when in need of same, may be repaired in the field. 

Still another object is to provide such a device which is 
capable of cushioning very high loads and, more partic 
ularly, which has a load-cushioning capacity which will 
generally increase as the need for it increases. 
Yet a further object is to provide such a device which 

does not substantially decrease the drilling efficiency of 
the string in which it is disposed. 
These and other objects are accomplished, in accord 

ance with the illustrated embodiments of the present in 
vention, by a device in which a plurality of pistons are 
so arranged as to provide successively effective forces op 
posing the shock and vibration loads on the bit. More 
particularly, the pistons have pressure-responsive surfaces 
exposed to the mud column so that the force provided by 
each will increase in proportion to the pressure of the mud 
column. The cushioning pistons are carried by one of 
a pair of relatively movable tubular members which are 
adapted to be connected as a part of the drill string, and 
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a means is carried by the other tubular member for suc 
cessively moving different pistons in directions opposed to 
their cushioning forces as such tubular members move 
relative to one another in response to a load on the bit. 
In accordance with the preferred embodiment of the in 
vention, this relative movement between the members is 
rotational as well as vertical so that the device will cushion 
torsional as well as axial loads on the bit and string. 
The total pressure of the mud within the drill string 

includes the hydrostatic head of the mud column, the 
pressure drop across the bit at the lower end of the drill 
String, and the pump pressure required for circulating the 
mud up the annulus within the well. Although the total 
pressure of the mud outside of the drill string is less since 
it does not include the pressure differential across the bit, 
the total pressure in either case increases with depth. 
Thus, whether the pistons are exposed to well fluid within 
or Outside of the drill string, the cushioning forces of the 
pistons will increase as the loads on the bit increase due 
to harder formations. 

Also, since the cushion is provided by the pistons, rather 
than by a sleeve Vulcanized between the relatively mov 
able tubular members, the bottom hole temperature in the 
Well does not limit use of the device as a practical matter. 
Furthermore, the useful life of the device, excluding re 
pairs, is limited only by the fatigue in the metal parts 
which generally is a much less serious factor than is en 
countered in the fatigue of rubber parts. Still further, the 
pistons and other parts of this device may be repaired or 
replaced in the field and by relatively unskilled personnel. 
The pistons are carried by one of the tubular members 

for movement within cylinder means having a low pres 
Sure Zone on the ends of the pistons opposite their ends ex 
posed to the fluid pressure within the wells, and normally 
within the drill string. In the preferred embodiment of 
the invention, each piston is slidable within a separate cyl 
inder so that one piston and cylinder may fail without im 
pairing the over-all operation of the device. That is, in 
the event of the failure of one such piston and cylinder to 
hold pressure, the device will remain operative except for 
the one increment of force provided by such piston. In 
the design of this device, there are sufficient pistons to 
provide at least a substantially smooth succession of 
cushioning forces, whereby the loss of one or possibly 
more will not seriously impair the desired function of the 
device. 

in the drawings, wherein like reference characters are 
used throughout to designate like parts: 

FIGS. 1A and 1B are longitudinal sectional views of 
the upper and lower ends, respectively, of a device con 
structed in accordance with one embodiment of the pres 
ent invention; 

FIG. 2 is an enlarged cross-sectional view of the device 
of FIGS. 1A and 1B as seen along broken line 2-2 of 
FIG. 1A: 

FIG. 3 is another enlarged cross-sectional view of the 
device of FIGS. 1A and 1B but as seen along broken line 
3-3 of FIG. 1A; 

FIG. 4 is an elevational view, broken away in part, of 
one set of cylinders and pistons removed from the interior 
of the device of the prior figures; 
FIGS. 5A and 5B are longitudinal sectional views of 

the upper and lower ends, respectively, of another em 
bodiment of the device constructed in accordance with the 
present invention; 

FIGS. 6A and 6B are longitudinal sectional views of 
the upper and lower ends, respectively, of still another 
embodiment of the device constructed in accordance with 
the present invention; and 

FIG. 7 is a cross sectional view of the device of FIGS. 
6A and 6B as seen along broken line 7-7 of FIG. 6A. 
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wardly with respect to first tubular member 11. More 
particularly, the upper end of ring 36 is spaced from up 
permost shoulder 41 thereabove a distance which is some 
what less than the spacing between shoulder 34 and the 
lower side of ring 37. Thus, upon upward movement of 
the second tubular member with respect to the first, ring 
36 will successively engage different ones of pistons 28 
carried by the first cartridge before ring 37 will engage 
any of the pistons carried by lower cartridge 26. How 
ever, upon continued upward movement of the second 
tubular member relative to the first, shoulder 34 will en 
gage with the lower side of ring 37 and move such ring 
upwardly so it successively engages shoulders 41 on dif 
ferent ones of pistons 23 carried by the lower cartridge. 

Alternatively, of course, shoulders 34 and 35 could 
be so arranged as to lift rings 36 and 37 simultaneously 
or at least in such a sequence as to cause the pistons of the 
two cartridges to be engaged alternateil. That is, for ex 
ample, a piston of the upper cartridge could be the first 
to be engaged; a piston of the lower cartridge, the second 
to be engaged; etc. 
As shown in FIGS. 1A, 1B and 4, each piston 28 car 

ries a pair of O-rings 42 for sealing engagement with its 
cylinder 27. The lower end of each such cylinder is closed 
by means of a plug 43 so as to provide a low pressure zone 
44 on the lower end of each piston 28. in the assembly 
of each cartridge, the pistons are first moved into the re 
cesses of rings 36 and 37 and the lower ends of the thus 
ly mounted pistons are slidably moved into cylinders 27 
(the plugs being removed therefrom). When the pistons 
are moved into engagement with the lower ends of the 
cylinders, plugs 43 are moved into place so as to enclose 
zone 44 at substantially atmospheric pressure. 

There are ports 45 and 46 in sleeve portions 6d and 
16c for communicating with annulus 20 above each of 
cylinder cartridges 26. Thus, the drilling mud within the 
bore of the device has free access into the annulus for 
acting across the upper ends of each of pistons 28. As 
well known in the art, the pressure of this mud, which 
includes the hydrostatic head of the mud column, the 
pressure drop across the drill bit, as well as the annulus 
circulating pressure of the mud pumps, is quite high, 
especially in deep wells where the harder formations are 
encountered. As a consequence, there is a large force act 
ing upon the upper end of each piston 28 to hold it down 
wardly on the lower end of its cylinder 27 which in turn 
is carried by lower sub 22 of the first tubular member 11. 
Thus, as previously described, these pistons provide indi 
vidual forces opposing upward movement of second tubu 
lar member 3 relative to the first and thus the loads, 
both torsional and longitudinal, imposed upon the bit. 
More particularly, due fo the staggering of shoulders 41 
on the upper ends of these pistons, the forces provided 
thereby are successively effective as the second tubular 
member moves relatively to the first under the influence 
of the loads. 
As an example of the cushioning forces which are 

thus available, it may be assumed the device is disposed in 
a well approximately 10,000 feet deep and the density of 
the mud within the well is 10.9 pounds per gallon. In 
such a case, the hydrostatic head of the mud column at 
the lower end of the drill string is 5,650 pounds per 
square inch. It is also reasonable to assume that under 
ordinary circumstances the pressure drop across the drill 
ibit would be approximately 500 p.s. i. and that the pump 
pressure for circulating the mud within the annulus would 
be approximately 300 p.s. i. so that the total fluid pres 
sure acting on the upper end of each piston would be ap 
proximately 6,540 p.s. i. Thus, assuming the pressure in 
the low pressure Zone is negligible and each piston has 
an area across seals 42 of approximately 34 square inch, 
the total force acting downwardly on each piston would 
be approximately 5,000 pounds. As will be apparent 
from the drawings, there are a total of 24 pistons so 
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6 
the total capacity of the pistons of the device would be 
approximately 120,000 pounds at this depth. 
Another force acting downwardly upon second tubu 

lar member 13 so as to cushion the loads on the bit 
results from the pressure drop across the bit which is 
effective on the annular area of lower sub 22 defined be 
tween the opening 19a therethrough and the inner diam 
eter of counterbore 17. Assuming this annular area is 
five square inches, the total additional cushioning force 
would be approximately 2,500 pounds. This added force, 
although small in comparison with the accumulated forces 
of the pistons, would be effective to cushion the initial 
load upon the bit so the piston in position to first be 
moved by relative movement between the tubular mem 
bers would be so moved only in response to approxi 
mately 7,500 pounds in load upon the bit. 
That is, assuming that during operation of the drill 

string at the depth above described, and under the pres 
sure conditions set forth therein, the load on the bit was 
7,500 pounds, either by way of torsion, longitudinal load, 
or a combination of the two, second tubular member 13 
would be urged upwardly to cause ring 36 to engage with 
lowermost shoulder 41 on one of the pistons of the set 
of pistons in upper cartridge 26. As the load on the 
piston increased above this value, however, the opposing 
force of the one piston would be overcome so the second 
tubular member would move upwardly to lift the first 
piston within its cylinder until ring 36 engaged with the 
Second of the pistons so as to absorb the shock on the 
bit with a total force of approximately 12,500 pounds. 
Similarly, as the load on the bit rose above the 12,500 
pound value, the second tubular member would move 
upwardiy another increment so as to lift the second pis 
ton along with the first and cause ring 36 to abut with 
the shoulder 41 on the third piston. Obviously, as the 
load on the bit decreased below the 12,500 pound fig 
lure, the accumulated cushioning forces-i.e., approxi 
mately 17,500 pounds-would cause ring 36 and second 
tubular member 13 to move downwardly so as to permit 
the third piston to seat. 
AS previously mentioned, the failure of one piston and 

cylinder, or for that matter more than one such piston 
and cylinder, does not render the entire device inopera 
tive. Thus, since the cylinders are separate of one an 
other, the failure of the piston to seal within one of 
them will merely eliminate that increment of the total 
force of which the device is capable. That is, in the 
cushioning of a load on the bit, the second tubular mem 
ber Would be movable upwardly from the piston preced 
ing the faulty one to the piston succeeding same so that 
the continuity of the successive forces would be retained. 

In the interest of keeping these failures to a minimum, 
each piston 23 is surrounded by a sealing member 47 
carried within the cylinder above the sealing engagement 
of the O-rings 42 therewith. Also, there is a passageway 
48 through each piston connecting its upper end with the 
bore of the cylinder intermediate the O-rings 42 and 
Sealing member 47. This passageway is packed with a 
grease or other suitable lubricant so that during the re 
ciprocation of the piston within the cylinder such lubri 
cant will be disposed between the relatively slidable sur 
faces of the piston and cylinder. Thus, in effect, the lu 
bricant replaces the drilling mud which might otherwise 
find its Way between the slidable surfaces of the pistons 
and cylinders and which, as well known in the art, is quite 
abrasive and known to score sliding surfaces. 
As best shown in FIG. 1B, the lower end of spline 21 

of Sub 5 of the second tubular member provides a down 
Wardly facing shoulder 49 which seats upon a bumper 
ring 50 carried within the lower end of sub 22 of first 
tubular member 11. More particularly, ring 50 is sup 
ported upon upwardly facing shoulder 51 of a split nut 
52 threadedly connected to the main body of sub 22 and 
forming the lower end thereof. Thus, in the assembly 
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of the device, spline 21 on the second tubular member is 
interfitted with spline 2a of the first tubular member, 
bumper ring 5:0 is moved into place, and nut 52 is thread 
edly engaged with the main body of Sub 22 so as to sup 
port the bumper ring and thus spline 21 in operative posi 
tion with respect to the spline of the first tubular member. 
As shown in FIGS. 1A and 1B, the second tubular 

member is suspended from the first tubular member in a 
relaxed or unloaded position of the bit, However, as 
previously described, and in response to loading the bit, 
the second tubular member will be caused to move con 
currently upwardly and rotatably with respect to the first 
tubular member which, of course, brings the cushioning 
pistons above described into play in the manner described. 
Assuming, however, that the total capacity of the device 
was exceeded, or even that all of the pistons and cylin 
ders failed, the second tubular member would never 
theless be linited in its upward movement to retain the 
tubular members in force-transmitting relation. Thus, 
in this event, upper end 53 of spline portion 21 of sub 
15 would engage with a downwardly facing shoulder 56 
on sub. 22 of the first tubular member prior to disengage 
ment of splines. 21 and 2a. As will be noted from a 
comparison of FGS. 1A and 1B, this distance is greater 
than the vertical spacing between shoulder 34 and ring 
37 plus the vertical spacing between the upper side of 
ring 37 and uppermost shoulder 4 on the pistons of 
lower cartridge 26 so the movement of the second tu 
bular member relative to the first is not limited until all 
of the pistons have had an opportunity to become effec 
tive. 
As shown in F.G. 1B, there is a port 57 in sub 22 

of the first tubular member connecting the lower end of 
annulus 20 beneath lower cartridge 26 with the exterior 
of the device. This, of course, equalizes the pressure 
across the device beneath cartridges 26 so as to facilitate 
reciprocation of the splined portion of sub 15 within the 
lower end of annulus 20 during operation of the device. 
The embodiment of the device shown in FIGS. 5A 

and 5B, and designated in its entirety by reference char 
acter 60, is similar to device 10 described above in that 
it constitutes in effect a reversal of the parts thereof. 
Thus, a first tubular member 62 having a pin connection 
62 about an opening 63 in its upper end has a lower end 
telescopically slidable within a second tubular member - 
64 having a box connection 65 about an opening 66 
through its lower end. As in the case of the device of 
FIGS. 1A, 1B and 2 to 4, pin connection 62 is adapted to 
be threadedly connected to the lower end of the lower 
most drill collar or the bit sub of the drill string, and box 
connection 65 is adapted to reecive the pin connection 
of the bit whereby tubular members 61 and 64 may be 
connected as a part of the drill string. 
The first tubular member 6: includes an upper sub 67 

having pin, connection 62 thereon and a sleeve 67a hav 
ing its upper end received within a counterbore 68 on the 
lower end of the sub. As will be apparent from FGS. 
5A and 5B, a bore 69 through sleeve 67 forms a continu 
ation of opening 63 through the upper end of sub 67 and 
pin connection 62. Seal rings 70 are carried within the 
counterbore of the sub for sealing with respect to the 
outer diameter of sleeve 67a. 
Second tubular member 64 includes a lower sub 7. 

having box connection 65 and opening 66 therein and 
an upwardly extending sleeve 72 threadedly connected at 
72a about the upper end of sub 71 and extending up 
wardly about a reduced outer diameter portion 73 of sub 
67 of the first tubular member 61. As in the case of de 
vice 19, there are spiral splines 74 on sub 67 of first 
tubular member 61 for interfitting with spiral splines 75 
on sleeve 72 of second tubular member 64 so that, upon 
relative movement of the bit on the lower end of the 
device with respect to the drill string above the device, 
the second tubular member 64 will be caused to move 
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upwardly and rotatably with respect to the first tubular 
member as defined by the lead of the splines. 
Second tubular member 64 is suspended from the first 

in the inactive position of device 60 shown in FIGS. 5A 
and 5S by means of a split ring 76 threadedly connected to 
the upper end of sleeve 72 and resting at its lower end 
upon the upper end of spline 74 about sub 67. The up 
ward movement of the second tubular member relative to 
the first is limited by the engagement of the top end 77 
of the split ring with a downwardly facing shoulder 78 
about sub 67 above its reduced diameter portion 73. 
As shown in FE.G. 5B, the lower end of sleeve 6a of 

first tubular member 61 extends downwardly through 
sleeve 72 of second tubular member 64 to provide an an 
nullus 7 therebetween as well as to provide a continuous 
bore connecting openings 63 and 66 at the upper and low 
er ends of the device. Thus, the lower end of sleeve 67a 
fits closely within a counterbore 80 in sub 71 above open 
ing 66 therein. Ports 85 within sleeve 67a connect bore 
69 therethrough with annulus 79 so drilling mud within the 
bore of the device as well as within the bore of the drill 
String in which the device is connected has access to the 
annullus. 
The first tubular member is sealed with respect to the 

second tubular member during relative movement there 
between by means of seal rings. 82 carried by inwardly 
enlarged portion of the sub 72 for sealing about sleeve 
67a intermediate annulus 79 and the splines on the first 
and second tubular members. More particularly, a seal 
ring 83a is carried by lower sub 7 of the second tubular 
member for sealing with respect to the lower end of sleeve 
72 So as to cooperate with seal rings 82 in containing well 
fillid within the device for communication with annulus 79. 

in this embodiment of the invention, cylinders 83 
formed in the lower end of the enlarged or thickened por 
tion of sleeve 72 of second tubular member 64 are ar. 
ranged in spaced apart relation concentrically of the tu 
bular members. -- More particularly, and as shown in FIG. 
5A, a piston 84 received in each cylinder carries a plural 
ity of O-rings 85 thereabout for sealably sliding within the 
cylinder; and there is a port or passageway 36 extending 
through the length of each cylinder to facilitate assembly 
of the pistons within the cylinders. When this has been 
accomplished, plugs 87 are inserted into the lower ends 
of passageways 86 so as to contain substantially atmos 
pheric pressure on ends 33 of the pistons at the closed 
ends of cylinders 83. As in the case of the pistons of de 
vice 16, the opposite ends of the pistons are exposed to 
the well fluid pressure which has access to annulus 7s to 
ward which these ends extend. Thus, this well fluid pres 
Sure is effective to urge the pistons upwardly into seated 
positions against the upper ends of cylinders 83. 
AS was also the case of the pistons of device 10, pistons 

84 have heads 89 on their ends to provide annular shoul 
ders 90 facing the cylinders and positioned for engage 
ment with respect to a ring 91 carried by sleeve. 67a of 
first tubular member 62. In device 60, however, this 
engagefinent results from upward movement of the second 
tlibular member upon which the cylinder and pistons are 
carried relative to the first tubular member upon which 
the ring is carried. More particularly, the ring has radi 
aily extending recesses 92 about its outer circumference 
So as to receive reduced diameter portions of the piston 
between heads 39 and the portions of the piston sealably 
slidable within the cylinders. Thus, the ring extends out. 
Wardly to substantially the outer diameter of annulus 79 
So shoulder 90 on each piston will have a large area of 
engagement with ring 9.i. 

In the assembly of device 60, and prior to making up 
Sub 7, with sleeve 72, the reduced portions of the several 
pistons 84 are first moved radially into positions within 
recesses 92 about ring 91. Sleeve 67a on which the ring 
is mounted together with the thusly assembled pistons 84 
are then moved into sleeve 72 and cylinders 83, respec 
tively. When the upper end of sleeve 67a abuts with the 
end of enlarged inner diameter portion of the lower end 
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of sub 67 as shown in FIG. 5A, the pistons will have been 
fully inserted into the cylinders; and sub 71 can then be 
threaded to sleeve 72 so as to complete the assembly of 
the device. 
As was the case of the pistons of the earlier device 

10, the shoulders 90 on pistons 84 are staggered in a 
direction longitudinally of the device so the shoulders on 
different ones of the pistons are spaced different distances 
from the lower side of ring 91. In this manner, there 
fore, as the second tubular member moves longitudinally 
upwardly in response to loads on the bit, shoulders 98 of 
different pistons will successively engage ring 91 so such 
load is opposed by the increments of force provided by 
each such piston. That is, since pistons 84 are carried by 
the second tubular member which is connected to the bit, 
the opposing forces provided by the pistons will be effec 
tive in a downward direction so as to oppose the loading 
on the bit. 
Although device 60 is shown to have only one set of 

pistons, it obviously may have another, as in device it), if 
greater cushioning capacity is desired. In fact, each of 
devices 10 and 60 may have three or more sets of pistons 
in order to multiply its capacity to a desired extent. Also, 
in the preferred form of this device as in the preferred 
form of device i0, the shoulders of diametrically arranged 
pairs of pistons are arranged for successive engagement 
with the ring so as to reduce the eccentric loading on the 
device to a minimum. Of course, any eccentricity in this 
respect is resisted by the siding of the lower end of sleeve 
67a within counterbore 89. 
As was also the case in the earlier device 10, the splines 

74 and 75 on the first and second tubular members make 
device 60 responsive to torsional as well as compressive 
loads on the bit in that each or a combination of the two 
loads causes a vertical upward movement of the second 
tubular member relative to the first. Also, the distance 
between top side 77 of split ring 76 and stop shoulder 78 
on the first tubular member is greater than the distance 
between the lower side of ring 9 and piston shoulder 90 
farthest from ring 92 so all the pistons are effective during 
operation of the device prior to the engagement of the 
limit shoulders. On the other hand, assuming the pistons 
and cylinders should fail and become ineffective to op 
pose the loads on the bit, these stop shoulders provide a 
means for continuing to transmit force between the drill 
string and bit. 

In the device of FIGS. 6A, 6B and 7, which is desig 
nated in its entirety by reference character ié8, there is 
also a first tubular member 61 having a pin connection 
102 on its upper end and a lower end telescopically slid 
able about a second tubular member 203 having a con 
necting means (not shown) at its lower end. Thus, as 
in the previously described devices, the pin is adapted for 
connection to the lower end of the lowermost collar or 
the bit sub of the drill string; and the connecting means 
on the lower end of the second tubular member 163 is 
adapted for connection to the bit whereby the device is 
connected as a part of the drill string. 

First tubular member 191 includes an upper stab (5 
having an opening 106 through pin connection 62 and ail 
enlarged diameter portion below opening 306. The lower 
end of the enlarged diameter portion of sub i85 is thread 
edly connected at 107 to the upper end of a lower sub i83 
of the first tubular member. Similarly to the second 
tubular member of device 10, tubular member (3 in 
'cludes a lower sub 109 having a counterbore 10 at its 
upper end to receive the lower end of a sleeve 111 having 
a bore 112 therethrough (FIG. 6A) and extending within 
the enlarged diameter portion of sub 105 to form an 
annulus 113 therein. More particularly, the upper end 
of sleeve 111 extends into opening 106 through pin con 
nection 102 so as to provide a continuous bore between 
opening 166 and opening i4 through sub i89 at the 
lower end of the device, . . . 

There are spiral splines 114a about the upper end of 
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sub 109 for interengagement with splines 115 on the 
lower end of sub 108 so the tubular members are caused 
to move rotatably as well as axially of one another re 
sponsive to loading of the bit. More particularly, and as 
again was the case of device 10, the lower end of spline 
ai4a seats upon a bumper ring 116 carried within sub 
68 by means of a nut 37 threadedly connected into the 
main body of the lower end of sub 108 as shown in FIG. 
6B. In this manner, of course, the second tubular mem 
ber is suspended from the first tubular member in the in 
active position of the device as shown in FIGS. 6A and 6B. 
On the other hand, upward movement of the second 

tubular member relative to the first is limited by the en 
gagement of the upper end of spline 114a with a down 
wardly facing shoulder 18 on the inner diameter of sub 
i08. This distance is, of course, greater than the effec 
tive travel of the force providing pistons to be described 
so the shoulders will engage only in the event of a failure 
of the pistons or in the event the loads upon the bit ex 
ceed the capacity of the device. Also, of course, this 
distance is less than the interengagement between splines 
114 and 15 so as to maintain a force transmitting rela 
tion between the tubular members at all stages of the 
operation of the device. 

In device 50, annulus 3 is divided into upper and 
iower chambers by means of a ring 119 threadedly con 
nected within sub 65 and carrying a seal ring 120 for 
sealing about sleeve 15 as the latter moves therethrough 
during relative reciprocation of the first and second 
tubular members. The upper chamber between ring 19 
and the upper end of the enlarged portion of sub 105 
provides a cylinder which receives a series of pistons 21. 
More particularly, the pistons are annular in shape and 
arranged concentrically of one another for relative longi 
tudinal sliding within the cylinder. 
As shown in FIGS. 6A and 7, the lower end of pistons 

12i are supported on ring 119 with their upper ends a sub 
stantial distance from the upper end of the cylinder. In 
this manner and as will be described to follow, in the in 
active position of the device, the pistons are carried by 
the first tubular member in position to be moved by a 
part on the sleeve of the second tubular member as such 
second tubular member moves upwardly relative to the 
first one responsive to loads on the bit. 
As shown in FiG. 6A, there are seal rings 124 between 

adjacent pistons as well as between the innermost and 
outermost pistons and sleeve is and sub 105, respec 
tively, so as to separate the cylinder into a low pressure 
zone below the pistons and a high pressure zone above 
them. There is a port 126 in sleeve 12 above the upper 
ends of the cylinders so well fluid has access from the 
bore of the device into the high pressure zone of the 
annulus. Thus, as in the case of the pistons of device 
16, pistons 2 are urged downwardly by the force of 
this well fluid. Also, of course, and as in the other de 
vices, the lower ends of the pistons are exposed to rela 
tively low pressure inasmuch as the pistons are assembled 
in the cylinder under atmospheric conditions. 
As can be seen from FIG. 6A, the pistons are of differ 

ent length and there is an inwardly extending flange 122 
providing a downwardly facing annular shoulder on the 
upper end of each piston. The lowermost flange on the 
innermost piston is disposed above a shoulder 123 about 
sleeve if a while each of the other flanges is disposed 
in spaced relation above the upper end of the piston about 
which it is disposed. Thus, the shoulders are staggered 
in a direction longitudinally of the device so that different 
ones of them are successively moved upwardly by shoul 
der 23 as the second tubular member moves upwardly 
with respect to the first tubular member. That is, upon 
loading of the bit, shoulder 123 is moved upwardly to 
engage flange 122 of the innermost piston 121. When the 
load exceeds the cushioning force provided by this piston 
plus the force due to pressure differential across the de 
vice, sleeve 11 and shoulder 123 thereon move upwardly 
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a further distance to cause the upper end of the innermost 
piston to engage the shoulder of the adjacent piston. 
Thus, when the load upon the device is of such magni 
tude to make all the pistons effective, the upper ends of 
such pistons will be raised to the positions thereof shown 
by broken lines in. FIG. 6A. 
This device has the advantage of a substantially bal 

anced loading of the force-applying pistons although it 
has the disadvantage of pistons which are interdependent 
upon one another so as to maintain a differential pressure 
across them. That is, in device i80, as distinguished 
from the two earlier devices described, there is a common 
cylinder in which the pistons are slidable; and the failure 
of one piston within such cylinder will result in the failure 
of all such pistons. 
As in the case of device {, there are one or more 

seal rings 25 carried by counterbore 10 of the lowest 
sub. 89 of the second tubular member for sealing with 
respect to the lower end of sleeve ii of such member, 
this seal cooperating with piston seals 124 to prevent the 
escape of well fluid from within the device during its 
operation. The thusly enclosed lower chamber of an 
nulus. E3 beneath ring 119 is vented to the exterior of 
the device by means of an equalizing port i27 so the sec 
ond tubular member is free to reciprocate within the first 
ubular member during operation of the device. 

It is also contemplated that, in accordance with the 
present invention, a helical member could be carried by 
one of the tubular members in a manner to provide it 
with a low pressure side and an opposite side exposed to 
the pressure of the wel fluid. Assuming that slach a 
member was progressively collapsible from one end to 
the other, it would provide in effect an infinite number of 
Separate pistons, successively engageable by appropriate 
means on the other tubular member. This would, of 
course, have the advantage of a smooth transition be 
tween the cushioning forces provided by the pistons. 
From the foregoing, it will be seen that this invention 

is one well adapted to attain all of the ends and objects 
hereinabove set forth, together with other advantages 
which are obvious and which are inherent to the appara 
tus 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 
illustrative and not in a limiting sense. 
The invention having been described, what is claimed 

S. 
1. A device for use in absorbing shock and darpen 

ing vibration upon a drill string and bit in the drilling 
of a well, comprising first and second tubular members 
movable relative to one another and having means there 
on for connecting them as part of the drill string, means 
including a plurality of pistons on one of said tubular 
members, and means on the other tubular member for 
successively moving different pistons upon movement of 
said tubular members in one directional sense relative to 
one another, each of said pistons having a pressure 
responsive surface-exposed to well fluid pressure so as to 
oppose its movement by said means on the other tubular 
member, and thereby oppose the relative movement of 
said tubular members in said one directional sense. 

2. A device of the character defined in claim in 
cluding means for limiting relative movement of the 
tubular members in said one directional sense after 
movement of all of said pistons. 

3. A device of the character defined in claim where 
in said first-mentioned means includes a plurality of 
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separate cylinders, and each piston is disposed in one of 
said cylinders. 

4. A device for use in absorbing shock and dampening 
vibration upon a drill string and bit in the drilling of a 
Weil, comprising first and second tubular members con 
nected for guided movement relative to one another in 
opposite axial directions, means on the tubular members 
for connecting them as part of the drill string, means 
including a plurality of pistons carried by one of Said 
tubular members, each of said pistons having a pres 
Sure-responsive surface exposed to well fluid pressure so 
as to oppose its movement in one direction, and means 
carried by the other tubular member for successively 
moving different pistons upon movement of said tubular 
members in one axial directional sense relative to one 
another. 

5. A device for use in absorbing shock and dampening 
vibration upon a drill string and bit in the drilling of a 
well, comprising first and second substantially coaxial 
tribuiar members connected for guided i movement rela 
tive to one another in a rotational sense, means on the 
tubular members for connecting them as part of the drill 
string, means including a pluraity of pistons carried on 
one of said tubular members, each of said pistcns hav 
ing a pressure-responsive surface exposed to well fluid 
pressure so as to oppose its movement in ore direction, 
and means carried.cn the other tubular member for 
successively moving different pistons in said one direc 
tion upon movement of said tubular members in one rota 
tional sense relative to one another. 

6. A device for use in absorbing shock and dampen 
ing vibration upon a drill string and bit in the drilling of 
a well, comprising first and second tubular members 
connected for guided axial and rotational movement rela 
tive to one another, means on the tubular members for 
connecting them as part of the drill string, means including 
a plurality of pistons on said tubular members, each of 
said pistons having a pressure-responsive surface exposed 
to weii fluid pressure so as to oppose its movement in 
one direction, and means on the other tubular member 
for successively moving different pistons in said one 
direction upon axial and rotational movement of said 
tubular members in one directional sense relative to one 
another. 

7. A device for use in absorbing shock and dampen 
ing vibration upon a drill string and bit in the drilling of 
a well, comprising first and second tubular members ar 
ranged for movement relative to one another in opposite 
directional senses, means sealing between the tubular 
members during such movement to enclose a bore there 
through, means for connecting the tubular members as 
part of the drill string with the bore therethrough form 
ing a continuation of the drill string bore, means includ 
ing a plurality of pistons carried by one of the tubular 
members, and means carried on the other tubular men 
ber for successively moving different pistons during 
movement of the tubular members in one directional 
sense relative to one another, each of said pistons hav 
ing a pressure-responsive surface exposed to fluid pres 
sure within the bore through said members so. as to 
oppose its movement by said means on the other tubular 
member and thereby oppose the relative movement of 
said tubular members in said one directional Sense. 

8. A device for use in absorbing shock and dampening 
vibration upon a drill string and bit in the drilling of a 
well, comprising a first tubular member and a second 
tubular member suspended from and arranged concen 
trically of the first tubular member for movement in op 
posite directional senses relative to the first tubular men 
ber, means for connecting the tubular members as part 
of the drill string, means including a plurality of pistons 
on one of the tubular members, each of said pistons hav 
ing a pressure-responsive surface exposed to well fluid 
pressure so as to oppose its movement in one direction, 
and means on the other tubular member for successively 
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moving different pistons in said one direction upon move 
ment of said tubular members in one directional sense 
relative to one another. 

9. A device of the character defined in claim 8, in 
cluding means on the tubular members limiting relative 
movement thereof in said one directional sense after 
movement of said pistons. 

10. A device for use in absorbing shock and dampening 
vibration upon a drill bit and drill string, comprising first 
and second tubular members arranged concentrically of 
one another for relative movement in opposite directional 
senses, means on the first and second tubular members 
for connecting them as part of the drill string, cylinder 
means having a plurality of pistons slidable therein and 
carried by one of said tubular members, each piston hav 
ing one end exposed to low pressure in the cylinder means 
and the opposite end exposed to well fluid pressure SO as 
to oppose its movement in one direction, and means car 
ried on the other tubular member successively moving 
different pistons upon relative movement between the 
tubular members in one directional sense. 

11. A device of the character defined in claim ii), 
wherein said cylinder means comprises an annular cylin 
der formed between the first and second tubular members, 
and said pistons are arranged concentrically of one an 
other for relative sliding within said annular cylinder. 

12. A device of the character defined in claim 10, 
wherein said cylinder means comprises a plurality of 
cylinders, one for each piston and spaced apart Substan 
tially concentrically of the tubular members. 

13. A device for use in absorbing shock and dampen 
ing vibration upon a drill bit and drill string, comprising 
a first tubular member and a second tubular member ar 
ranged concentrically of and suspended from the first 
tubular member for movement relatively with respect 
thereto, means on the upper end of the first tubular mem 
ber and lower end of the second tubular member for con 
necting them as part of the drill string, means including 
a plurality of pistons supported within one of said mem 
bers, each piston having one end exposed to well fluid 
pressure and the opposite end thereof exposed to a lower 
pressure so as to oppose its movement in one direction, 
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means on the other tubular member successively moving 
different pistons in said one direction upon relative move 
ment between said members in one directional sense. 

14. A device for use in absorbing shock and dampen 
ing vibration upon a drill bit and drill string in the drill 
ing of a well, comprising a first tubular member and a 
Second tubular member suspended from the first tubular 
member and arranged telescopically thereof to provide a 
bore therethrough and an annulus thereinbetween, a spline 
connecting the tubular members for guided relative move 
ment longitudinally of one another, means on said tubu 
lar members for limiting their movement relative to one 
another in opposite directional senses and sealing between 
them to enclose said annulus during said movement, 
means on the tubular members for connecting them as 
part of the drill string with the bore therethrough form 
ing a continuation of the drill string bore, means includ 
ing a plurality of pistons carried by one of the tubular 
members with each piston having a pressure-responsive 
Surface exposed to the annulus, means on the other tubu 
lar member for successively moving different pistons to 
urge them in one direction upon relative movement of 
the members in one of said directional senses, and means 
connecting the bore with the annulus to admit fluid pres 
Sure within the bore to the pressure-responsive surfaces of 
Said pistons so as to oppose their movement in said one 
direction and thereby oppose relative movement of said 
members in said one directional sense. 

5. A device of the character defined in claim 14, 
Wherein the upper end of the second tubular member is 
telescoped within the lower end of the first tubular mem 
ber, and the pistons are supported on said first member. 

16. A device of the character defined in claim 14, 
wherein the lower end of the first tubular member is tele 
Scoped within the upper end of the second tubular mem 
ber and the pistons are supported on the second member. 

17. A device of the character defined in claim 14, 
Wherein the spline is spiralled. 
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