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The present invention lies in the ?eld of auxiliary de 
vices used with earth penetrating tools, in particular 
devices used to obtain a measure of control over the ?ow 
of ?ushing ?uid used in drilling with such tools. Such a 
tool is typically suspended from the lower end of a long 
string of hollow drill pipe through which a ?ushing ?uid 
or “mu ” is circulated down to the bit and jetted there 
from through a number of nozzles or watercourses. This 
?uid is then circulated upwardly through the annulus be 
tween drill pipe and borewall, carrying the rock cuttings 
to the surface. 

In recent years it has become a common practice to 
use large pressure drops over such tools to obtain high 
velocity streams of ?ushing ?uid striking the bottom of 
the borehole. This is done primarily by using replaceable 
nozzles with quite small ori?ces therein, e.g., as small as 
1A" or 5A6" in a “Tricone” 3-cone rotary bit of 8%” 
diameter having three ?ushing ?uid passageways, such 
nozzles being replaced by others with a different ori?ce 
diameter under a different set of drilling conditions (type 
and depth of formation, rotary speed, weight on bit, mud 
weight, etc.). While such small ori?ce nozzles have served 
admirably their intended function of providing high 
velocity mud streams on bottom, they also create special 
problems. The small openings are likely to become easily 
plugged, and they are not well adapted to the circulation 
of “lost circulation materials,” i.e., course materials cir 
culated down the drill string and bit to plug a porous 
zone which threatens to absorb all of the drilling ?uid. 
They also create special problems when the bit is being 
run into the hole or pulled from the hole, as the mud 
standing in the string does not ?ow into or out of the 
nozzle openings at a high rate of speed. It is usually 
necessary to lower or raise the drill string and bit rather 
slowly to avoid pressure surges which may cave in the 
wall of the formation. 
The present invention provides a means for overcoming 

some of the named disadvantages associated with jet bits, 
primarily by providing in place of one nozzle (or more) 
a special member which is both automatically expellable 
if the nozzles should become plugged and is controllably 
expellable in other circumstances. Such special member 
includes a core or nozzle releasably and sealably secured 
in the lower end of a bit ?ushing ?uid passageway and 
having a downwardly extending opening therethrough, a 
movable member such as a ball seating in the entrance 
end of such opening to prevent the downward ?ow of 
?ushing ?uid, means to restrain the upward movement 
of such movable member from a position just above its 
seating position and yet allowing such limited movement 
under the in?uence of a reverse circulation of ?ushing 
?uid, and one of more shear pins securing the core to 
the passageway wall or securing parts of a multipiece core 
together in such manner that at least a portion of the 
core may be expelled upon a shearing of the pins. With 
normal, downward circulation the assembly is activated 
upon an increase in the normal pressure drop over the 
bit to a critical or design value, under which condition 
the pin or pins are sheared and the expellable portion of 
the core is washed out. Such activation occurs auto 
matically upon a plugging of the operating nozzles of 
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the bit, or controllably by speeding up the mud pump 
which circulates the ?ushing ?uid. 

It can thus be seen that the present invention achieves 
several objects: 

(1) Prior to activation, assuming the bit to be at the 
bottom of the hole, it blocks normal downward ?ow 
through the ?ushing passageway in which it is installed, 
thus permitting the use of a lesser number of nozzles of 
greater ori?ce than would be the case if nozzles were used 
in all passageways and thereby reducing the likelihood 
of unplanned plugging, while at the same time permitting 
reverse, upward ?ow under a negative gradient. If such 
negative gradient occurs when the operating nozzles are 
plugged and the bit is at the bottom of an extremely deep 
well, there is a hazard of drill stem collapse because of 
the high pressure of ?uids in the annulus around the drill 
stem. Such hazard is eliminated when the present inven 
tion is employed. 

(2) When running a bit into a hole, the shear relief 
check valve of the present invention permits upward ?ow 
of the drilling ?uid through its own opening. To better 
accomplish this object, such opening may be of consider 
ably larger section than the nozzle ori?ces, with the result 
that the drilling mud Which is standing in the hole ?ows 
relatively rapidly into the drill stem, considerably reduc 
ing the pressure surges otherwise felt. 

(3) When activated by a shearing of the shear pin and 
expulsion of all or part of the core, the valve operates to 
relieve plugged nozzles and permit normal circulation of 
drilling mud, either alone or with lost circulation mate 
rials. 

(4) In preparing to pull a bit when there has been no 
prior occasion to activate the valve, it may be activated 
to reduce the pressure surges otherwise manifested if the 
bit is pulled too rapidly. The extra opening thus provided 
permits a more rapid draining of the mud from the drill 
stern and makes rapid pulling possible. 
The present invention may be more readily understood 

by reference to the accompanying drawing, in which: 
FIGURE 1 illustrates in vertical cross section a pre 

ferred embodiment of the present invention as installed 
in a portion of an earth penetrating tool, e.g., a nozzle boss 
of a rock bit, 
FIGURE 2 is a perspective view of the ball retainer 

of FIGURE 1, 
FIGURE 3 is a vertical cross-section of a modi?cation 

of the embodiment of FIGURE 1, differing therefrom in 
that the shear pin underlies the entire core of the valve and 
is supported by the nozzle boss rather than by a sleeve 
releasably secured between the boss and the core, 
FIGURE 4 depicts in vertical section an alternate em 

bodiment in which a different means is used to retain the 
ball in place, this view showing the ball in the raised 
position it would occupy during reverse circulation, and 
FIGURE 5 is another vertical section of the FIGURE 

4 embodiment, on a sectioning plane disposed at right 
angles to that of FIGURE 4, the only other diiierence 
being that the ball is shown in seating position, as during 
normal, downward circulation. 

Referring now to FIGURES 1 and 2, the embodiment 
there shown is disposed in nozzle boss 1 having ?ushing 
passageway 2 therethrough, such passageway being 
counterbored from its lower end 3 to form shoulder 4. 
Ball retainer or wire cage 5, comprising the two U 
shaped inverted wires or rods 6 secured together by weld 
ing at their closed ends 7 and with their free ends bent 
to form outwardly extending hooks 8, is inserted in ?ush 
ing passageway 2 so that hooks 8 are engaged by shoul 
der 4. Two U-shaped wires 6 are used to prevent the 
upward movement of the ball 9 in the spaces therbetween, 
but more may be used as necessary. 

Core assembly 11, having an outside assembly only 
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slightly less than the diameter of the counterbore, is slid 
ably mounted in the lower end of passageway 2 to press 
hooks 8 of ball retainer 5 against shoulder 4, core assem 
bly 11 being secured against downward movement by a 
conventional snap ring 12 lying partly in the indicated 
groove in boss 1 and partly underlying the bottom of 
core assembly 11. A conventional O-ring 13 is used to 
‘prevent leakage between core assemby 11 and the counter 
bore of boss 1, such O-ring 13 lying either in the indicated 
groove in the borewell, in a similar groove in the outer 
periphery of the core assembly, or in registering half 
grooves in both members. 
The core assembly 11 of FIGURE 1 consists of an ex 

pellable inner member or core 14 and an outer member 
or shell 15, core 14 being slidable within shell 15 and 
in sealing fashion by virtue of O-ring 16. Core 14 has 
an axial opening 17 therethrough, ?ared at the upper end 
to provide a seat 18 for ball 9. The two members are 
secured together by shear pin 19 extending through the 
indicated registering openings extending transversely 
through their walls. It should be noted that in the com 
plete assembly snap ring 12 underlies only the shell 15 
of core assembly 11. 
The modi?cation of FIGURE 3 differs from that of 

FIGURE 1 in that the shear pin 19' underlies core assem 
bly 11' and extends into holes in the nozzle boss 1'. 
While this assembly is shown as consisting of the sepa 
rate core 14’ and sleeve or shell 15', it is apparent that 
these two pieces may be integrated into one and that 
O-ring 16 may be eliminated. No snap ring is necessary, 
of course, as shear pin 19’ serves the dual function of 
securing the core assembly in the nozzle boss and acting 
as the rupturable member. 

In the embodiment of FIGURES 4 and 5, the shear pin 
19 serves as the rupturable member permitting expulsion 
of core 14 from sleteve 15 and cooperates with the link 
or eye screw 21 to restrict the upward movement of ball 
9’. The shaft or stem 23 of the eye screw is preferably 
threaded and engages like threads in ball 9' to secure 
the two members together, but may be extended there 
through and secured by other conventional means, par 
ticularly if the ball is composed of such highly resilient 
material that a threaded engagement is not feasible. 
FIGURE 4 shows ball 9' in the extreme upward posi 

tion it would occupy under the in?uence of violent re 
verse circulation and the restraining effect of the contact 
between eye screw 21 and shear pin 19, while FIGURE 
5 shows the ball in its normal seating position in the 
downwardly converging wall or seat 18 de?ning the upper 
end of opening 17. These ?gures also illustrate an op 
tional structure for retaining core assembly 11" in the 
?ushing ?uid passageway, one disclosed by Kistler in 
U.S. application 702,060, ?led December 11, 1957, now 
abandoned, and in Mandrell, U.S. Patent 3,115,200. Such 
structure requires the indicated registering grooves in the 
wall de?ning passageway 2 and in the outer periphery 
of core assembly 11" to accommodate snap ring 12. An 
axial access slot 22 is provided in the outer portion of 
the core assembly (or in boss 1 or partly in both) for 
the insertion of a tool to engage the free ends of the 
ring. When the core assembly is to be inserted or re 
moved from the boss, snap ring 12 is compressed or ex 
panded by such tool so that the snap ring lies wholly 
within one or the other of the pair of registering grooves. 
With such retaining structure, passageway 2 may be of 
uniform bore throughout, eliminating shoulder 4, as the 
snap ring retains the assembly against both upward and 
downward movements. 

In other respects the FIGURES 4—5 embodiment is 
similar to those of FIGURES 1-3, and the many varia 
tions described in connection with the latter group may 
be applied to the former. As one instance, the snap ring 
shown in FIGURES 4—5 may be eliminated and replaced 
with a shear pin underlying the core assembly 11" and 
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extending into nozzle boss 1, as in FIGURE 3 (and ob 
viously the replacement may also be the type snap ring 
assembly shown in FIGURES 1 and 2. With such 
double-function underlying shear pin, it is only neces 
sary to extend the loop portion of eye screw 21 so that 
ball 9' will seat on entrance wall 18 under downward 
flow and ?oat above it somewhat under reverse ?ow. 
With respect to the embodiments shown in both groups 
of ?gures, the structure shown in FIGURE 1 and in 
FIGURES 4-5 are preferred because they are more read 
ily inserted and withdrawn, and because the parts are‘ less 
likely to become separated than with a separate shear pin 
which must be inserted through openings in the nozzle 
boss. 

' Balls 9 and 9' may be made of a wide variety of ma 
terials, including metals, relatively hard rubber, and the 
comparatively hard but somewhat resilient plastics such 
as nylon. The rubber-covered nylon balls sold under 
the proprietary name “Frac” balls are eminently suitable 
because they combine the indicated characteristics with 
relatively light weight, a quantity of some importance 
when running a bit into a hole ?lled with mud. 
Although balls 9 and 9' are illustrated only as members 

having spherical surfaces, it is apparent that such members 
may also have other outer surfaces, e.g., a downwardly 
converging conical surface, in which event seat 18 is pro 
vided with a similar surface. No problem is presented 
with respect to a movable sealing member having such 
shape in the FIGURES 4—5 embodiment, as the eye screw 
and shear pin inter?t prevent the movable member from 
assuming a malfunctioning attitude. In the FIGURES 
1-3 embodiments it is necessary to shape the movable 
member and the ball retainer assembly so that the former 
has no opportunity to become inverted or cocked. 

Broadly the present invention is a shear relief check 
valve for a ?uid ?ushing passageway of an earth penetrat 
ing tool which blocks the ?ow of ?ushing ?uid down 
wardly through such passageway under pressure gradients 
below a design or critical value, permits the ?ow of ?ush 
ing ?uid upwardly under a negative pressure gradient, 
and is actuable under pressure drops exceeding such de 
sign value to permit the downward ?ow of ?ushing ?uid. 
What is claimed is: 
1. A shear relief check valve subassembly adapted to 

be axially inserted in and sealingly secured to the wall of 
a ?ushing ?uid passageway of an earth penetrating tool 
containing a multiplicity of such passages to permit re 
verse ?ow through such passage, to prevent forward ?ow 
therethrough and therefrom under normal positive pres 
sure gradients, and to allow such forward ?ow at-higher 
positive pressure gradients, comprising in combination: 

a core nozzle assembly consisting essentially of an outer 
shell and an inner core, the outer periphery of said 
shell being adapted to sealingly engage said passage 
wall and said shell being adapted to be releasably 
secured with respect thereto, said core being slidably 
inserted within said shell and sealingly disposed 
therein, said core having an opening extending axially 
therethrough with a seat at the upper end, 

a shear pin extending transversely of and through regis 
tering holes in said shell and said core, 

a movable member disposed above said seat and 
adapted to be received therein and to seal said open 
ing, and a wire cage retainer de?ned by a number of 
U-shaped wires spaced with respect to each other 
and with respect to a passage in which said retainer 
is to be inserted in inverted fashion as to receive said 
movable member and prevent it from passing be 
tween any of the spaces between said wires and said 
passage, each said wire having its free ends bent out 
wardly and transversely to form supporting legs, said 
retainer being supported on the top of said assembly 
above said core opening and movable member with 
its loop end facing such opening and its supporting 
legs surrounding said seat. 
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2. The shear relief check valve subassernbly of claim 1 
adapted to be mounted in one of said tool passageways 
which is counterbored from its exit end to form a down 
wardly facing shoulder, said sleeve is adapted to ?t into 
said counterbored portion, and said legs of the wire cage 
retainer are adapted to be secured between said shoulder 
and the top of said assembly. 

3. In an earth penetrating tool having a ?uid ?ow pas 
sageway therethrough terminating in an exit end, a shear 
relief check valve comprising a sleeve disposed in said 
passageway adjacent its exit end, means for releasably 
securing the sleeve to said tool in sealing relationship with 
the wall of said passageway, a nozzle member disposed 
within said sleeve in sealing relationship therewith, and 
slidable from said sleeve at the exit end of the passageway, 
said nozzle having an axial opening therethrough with an 
exit end disposed adjacent the exit end of the passageway 
and an entry end within the passageway ?ared to de?ne 
a seat for a movable obturating member disposed there 
above, a movable obturating member of lesser cross sec 
tion than said passageway and greater than said nozzle 
opening disposed above and adjacent said entry end of 
the nozzle Opening and adapted to seat therein to block 
the flow of ?uid from said passageway into the entry end 
of said opening, a shear pin extending at least partially 
across said passageway and into registering openings in 
said nozzle and sleeve, said shear pin thus securing the 
nozzle to the sleeve at ?uid pressures below a predeter 
mined critical value and being shearable at higher values 
to permit the expulsion of said nozzle from the exit end 
of the passageway, and an obturating member retainer 
disposed in said passageway and secured above said nozzle 
and obturating member, said retainer comprising a num 
ber of wires extending across the passageway to de?ne 
a non-blocking position of said obturating member where 
in it lies above the entry end of the nozzle opening to 
permit ?uid ?ow from said opening into said passageway. 

4. A shear relief check valve adapted for slidable inser 
tion in the portion of a ?uid passageway of an earth pene 
trating tool adjacent the exit end thereof, where ?uid is 
normally delivered by said tool, so that the outer pe 
riphery of said valve is disposed in sealing relationship 
with the passageway-de?ning wall of said tool, said valve 
comprising an outer sleeve member and an inner core 
member, the sleeve member having said outer periphery 
of the valve and being adapted to be releasably secured 
to said tool, the core member being sealingly disposed 
within said sleeve and slidable from said sleeve toward 
said exit end of the passageway, said core having a cen 
tral opening therethrough adapted to be disposed with its 
exit end adjacent the exit end of the passageway and its 
entry end within the passageway, said entry end diverging 
outwardly from the center of the opening to de?ne a seat 
for a movable obturating member, a movable obturating 
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member disposed above said seat of lesser cross section‘ 
than said passageway and larger than said opening and 
adapted to seat in said entry end to prevent ?uid ?ow 
from said passageway into said opening, a shear pin ex 
tending between said sleeve and core through registering 
openings in each, and an obturating member retainer 
adapted to be disposed in said passageway and secured 
above said obturating member to restrict the movement 
thereof, said retainer comprising a number of wires ex 
tending across said passageway and so spaced as to pre 
vent movement of said obturating member through the 
spaces therebetween when said obturating member is in 
a position in said passageway spaced from said seat at the 
entry end of the nozzle opening. 

5. A shear relief check valve subassembly adapted to 
be axially inserted in and sealingly secured to the wall 
of a ?ushing ?uid passageway of an earth penetrating tool 
containing a multiplicity of such passages to permit re 
verse ?ow through such passage, to prevent forward ?ow 
therethrough and therefrom under normal positive pres 
sure gradients, and to allow such forward ?ow at higher 
positive pressure gradients, comprising in combination: 

a core nozzle assembly consisting essentially of an outer 
shell and an inner core, the outer periphery of said 
shell being adapted to sealingly engage said passage 
wall and said shell being adapted to be releasably 
secured with respect thereto, said core being slidably 
inserted Within said shell and sealingly disposed 
therein, said core having an opening extending axial 
ly therethrough with a seat at the upper end, a shear 
pin extending transversely of and through registering 
holes in said shell and said core, 

a movable member disposed above said seat and 
adapted to be received therein and to seal said open 
ing, and a movable member retainer adapted to be 
disposed above said movable member and secured 
against movement through said passageway, said re 
tainer consisting of a number of small wires or rods 
so spaced as to de?ne a non-blocking position for 
said movable member above said seat and to pre 
vent said movable member from moving through the 
spaces between said Wires or rods. 
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