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[57] ABSTRACT 

A drilling ?uid saver and safety valve assembly in‘ 
cludes a tubular body having a core rotatably mounted 
within the tubular body to open and close the valve 
and an actuator rotatably mounted about the tubu1ar 
body having a lost motion rotation whereby the initial 
rotation of the actuator rotates the core to the closed 
position and a further rotation causes the tubular body 
to disconnect from the drill string. 

9 Claims, 6 Drawing Figures 
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DRILLHNG FLUID SAVER AND SAFETY VALVE 

CROSS REFERENCES TO RELATED 
' APPLICATIONS 

Other patents on mud-saver valves owned by the as 
signee of the present invention, including two assigned . 
by the present applicant, are the following: 

U.S.’ Pat. No. 3,698,41 l to William R. Garrett -— is 
sued Oct. 17, I972. 
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U.S. Pat. No. 3,698,426 to Mason Rawleigh Litch- " 
field and Floyd Logan Scott, Jr. — issued Oct. 17, 
1972. ‘ ’ ‘ 

U.S. Pat. No. 3,738,436 to Mason Rawleigh Liteh~ 
field and Floyd Logan Scott, in —- issued June l2, 
1973. ‘ ' ' ' 

BACKGROUND OF THE INVENTION 
1. Field of the Invention A r _ 

This invention pertains to valves-and more particu 
larly to a valve assembly of the type known as a kelly 
foot valve or mud saver and safety valve used in the ro 
tary system of drilling wells. . 

2. Description of the Prior Art 
In drilling oil or gas wells or the like by‘ the rotary 

drilling method, a drilling ?uid, known' as drilling mud, 
is pumped from _a surface reservoir, called a mud pit, 
to a swivel suspended from the draw works of the der 
rick and downwardly from the swivel through a string 
of drill pipe to a rotary bit ‘at the bottom of the well 
bore. The mud is ‘ejected at high velocity through a 
number of ports extending through the walls of the bit 
and is circulated up the annulus between the drill pipe 
and wall of the well bore andback to the mud pit‘for 
recirculation. The drilling mud provides a rapid, con 
tinuous removal of rock cuttings from the well bore, 
prevents the caving and sloughing of poorly consoli 
dated or friable rock formations, maintains a sufficient 
pressure on the walls of the well bore to prevent a blow 
out and well damage when unexpected high pressure 
reservoirs are encountered, and cools and lubricates 
the drill pipe and bit as they rotate against the abrasive 
rock formations. 
To permit the satisfactory performance of these func 

tions, the mud must be closely controlled. Ordinarily, 
the drilling mud comprises a suspension of natural clays 
in water, oil, or an emulsion of water and oil. The addi 
tion of varying amounts of mud chemicals or wetting 
agents is determined by the specific requirements re 
garding viscosity, density, thixotropy, acidity, gel 
strength, shear strength and other properties that might 

I be required in a particular situation. 
The force rotating the string of thd drill pipe is pro 

vided by a rotary table located on the rig floor. In order 
that the rotary table will have a positive grip on the drill 
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disconnected from the drill string. The column of mud 
that was contained in the kelly, when circulation was 
halted, then ?ows onto the rig floor.v 
The volume of mud required for the drilling of a 

15,000 foot well would be l,000—2,000 barrels-land 
might constitute as much as 20 percent of the total dril 
ling costs; therefore, any innovation that reduces the 
amount of mud required to drill a particular well re; 
duces the cost. During the drilling of a l 5,000 foot well, 
the operation of disconnecting the kelly from the drill 
string is performed approximately 500 times with a loss 
each time of over one~half barrel'of mud plus- the cost 
of idle rig time and wasted man-hours while the mud is 
washed from the rig ?oor. Further, the mud sprays all 
over the adjacent‘area and the workmen, making the 
rig ?oor dangerously wet and slippery and conse~ 
quently hazardous for persons working on the rig ?oor. 

To prevent the loss of drilling mud and to prevent 
having mud on the rig ?oor, it is well known to provide 
a kelly foot valve or mud saver and safety valve on the 
kelly to close the kelly prior to disconnection from the 
drill string,‘thereby prohibiting the mud from ?owing 
out of the kelly. _ 

t A- variety of valve assemblies having been designed to 
serve as mud saver valves, including check valves, ?ap 
per valves, ?oat valves, spring loaded plug valves, and 
collapsable valves. Many of these valve assemblies are 
actuated by the change in mud pressure within the 
valve assembly caused by the shutting down of the mud 
pump, which greatly reduces the: mud pressure. 
Mud saver valves operated by automatic means may 

- be more expensive than manually actuated valves and 
- the automatic actuation means provides an additional 
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string, the upper end of the string is provided with a " 
joint of pipe called a kelly, having a polygonal cross 
section designed to fit a similarly shaped opening in a 
kelly drive bushing of the rotary table. The kelly, which 
is approximately 50 feet long, is connected in the drill 
string from the swivel suspended from the draw works 
and passes through the kelly bushing in the rotary table 
to the upper joint of drill pipe. 
Eachtime a joint of pipe is added to the drill string, 

the mud pumps, creating up to 2,000 pounds more or 
less per square inch on the mud, are shut down and the 
lower end of the kelly is lifted above the rig ?oor and 

mechanism subject to failure, e.g. cut out due to the 
abrasive action of the drilling mud. Manually actuated 
valves, whileavoiding the problems of higher cost and 
early failure of some automatic valves, require the ex 
penditure of a certain amount of rig time for operation. 
Assuming 3 minutes of time required for finding the 
valve handle, inserting the handle in.the valve, closing 
‘and opening the valve, and removing the handle, per 
haps 1,500 minutes of rig time at $2.50 per minute 
would be so consumed drilling the aforementioned 
15,000 foot well. , . 

Automatic and manually operated valves are actu 
ated independently of the tightening of the rotary 
shouldered connection between the kelly and the new 
joint of pipe to be added to the drill string. To make up 
the connection, tongs are placed on the new joint and 
a kelly spinner or spinning claims are attached to the 
kelly. The kelly spinner spins the kelly within the joint 
until the shoulders of the pin on the kelly mate with the 

, box on the joint. However, the connection still needs to 
be tightened by replacing the kelly spinner with a sec 
ond set of tongs, and further tightening the connection. 
If the connection is not tightened and the new joint is 
connected to the drill string, it will leak drill mud. ' 

' Hopefully this leak would be detected prior to running 
the new joint into the well. Regardless, if the connec 
tion is not tightened while the new joint is resting in the 
mouse hole, much time will be wasted connecting the 
leak later. This occurs because the opening of an auto 
matic or manually operated valve is in no way related 
to the ?nal tightening operation of the connection. 

It is well known in the art to use a ball-type plug valve 
captured between spring biased seats sealed within a 
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tubular valve body and having the plug rotated between 
the open and closed position by means of a trunnion ro 
tatably mounted on bearings within the tubular body. 
Examples of the above'are shown in U.S. Pat. Nos.: 
3,036,590; 3,384,337; 3,427,270; 3,509,9l3; Canada 

' Patent No. 869,692; and the Hydril Kelly Cock ‘manu 
fac'tured by Hydril Company of Los Angeles, Califor 
ma. 

U.S. Pat. Nos.: 2,799,470; 3,036,590; 3,509,913; 
Canada Patent No. 869,692 and the Hydril Kelly Cock 
show a plug valve with a tubular valve body having a 
lower portion with a box to receive the plug and valve 
seats and an upper portion with a pin and follower ring 

> threadingly engaged with the box of the lower portion 
to capture the plug and seats within the assembly. 

Rotary shouldered connections on the ends of the tu 
bular valve body for connection with the lower end of 
thekelly and the upper end of the drill string are shown 
in U.S. Pat. Nos.: 3,036,590; 3,433,252; and Canada 
Patent No. 869,692. This type of connection is used for 
each connection in a drill string to provide a seal suffi 
cient to withstand the high pressure of the drilling mud, 
to form a joint strong enough to support the weight of 
the drill string, to withstand operational bending mo 
ments, and to transmit drilling torque. In the latter re 
gard, the construction is such as to transmit a large por 
tion of the torque through the frictionally engaged 
shoulders, e.g. the un'threaded portion of the pin and 
box making up the connection, sufficient torque must 
be applied in making up each connection to insure ade 
quate axial stress in the connection to exert and main 
tain enough axial pressure on the shoulders to prevent 
slippage even when the connection is under axial and 
bending loads‘ tending to separate the shoulders. 
Torque loads of the order of 50,000 lb.-ft. are normal. 
To exert such torque, long wrenches or tongs are ap 
plied to one-or both parts of the connection and force 
is applied by cable connected to the tongs, one an 

' chored and the other connected to a power winch or 
cat head. In disconnecting a drill string connection,‘ 
torque is similarly applied in the reverse direction. Al 
though the initial breakout torque and the ?nal makeup 
torque are both large, rotary shouldered connections 
are wholly made up by hand or with light equipment 
such as a cat line wrapped around the kelly or a kelly 
spinnr connected between the swivel and upper end of 
the kelly. Similar procedures are used for ?nal break 
out rotation. Every time a drill string connection is 
made up and broken it will be necessary to go through 
these procedures. The requirement that tongs be used 
is re?ected in the construction of the rotary shouldered 
connection itself, whose exterior periphery must be soft 
enough, e.g. 160 to 240 Brinell hardness and at least 
below 550 Brinnell, to be tong engageable. In this re 
gard note U.S. Pat. No. 3,067,593 to M. G. McCool. A 
large diameter tong engageable surface is usually pro 
vided just above the pin shoulder and the outer periph 
ery of the box itself forms another tong engageable sur 
face, the box wall thickness being great enough to with 
stand the application of tongs. 

U.S. Pat. Nos. 1,759,060 and 3,472,270 describe a 
polygonal cross-section trunnion received within hex 
recesses in the plug for transmission of torque from an 
actuator rotating the trunnion. Indicators mounted on 
one end of the trunnion which indicate whether the 
valve is open or closed are shown in U.S. Pat. Nos. 
3,064,940 and 3,284,045. 
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The above described apparatus is generally well 

known in the art. However, the means for actuating the 
trunnion to open and close the valve has provcn incon 
venient, inadequate and inefficient. 

U.S. Pat. No. 3,509,913 - Lewis shows an actuator 
arm mounted on the trunnion and having its other end 
received by a slot in an actuator piston sleeve whereby ' 
the stroke of the piston sleeve pivots the actuator arm. 
However, the piston sleeve moves axially and does not 
rotate. In Moore U.S. Pat. No. 1,759,060 the actuator 
arm is cammed within the slot of a rotatable actuator 
sleeve. . 

Pinions and gears have been used as actuators. An 
derson U.S. Pat. No. 3,064,940 shows a manually ro 
tated worm gear rotating a pinion mounted on the trun 
nion. Kennard U.S. Pat. No. 3,433,252 shows a rack on 
a piston sleeveengaging a pinion on the trunnion. 
Schneid U.S. Pat. No. 1,998,886 describes the use ‘of 

an annular gear on a throttle valve for an internal com 
bustion engine which rotates a leaf valve by means of 
pinion and trunnion. 

SUMMARY 5OF THE INVENTION 
The present invention includes a plug rotatable on a 

trunnion mounted within a tubular valve body having 
rotary shouldered connections at each end. The trun 
nion is‘ pivoted by a dual pinion engaging dual seg 
mented annular gears formed within recesses in a gear 
sleeve rotatable about the flow axis of the tubular valve 
body. A tong sleeve is rotatably mounted around the 
flow axis and is splined to the gear sleeve at one portion 
and is splined to the tubular valve body at another por— 
tion. However, the splined connection between the 
tong sleeve and tubular valve body has lost motion to 
permit the trunnion to be rotated so as to close the 
valve before the splines of the tong sleeve and tubular 
valve body engage so as to rotate the entire valve as 
sembly. 

In the process of adding a section of drill pipe to the 
drill string, the valve is closed and the kelly discon 
nected in one motion by the steps of rotating the tong 
sleeve, to close' the mud saver valve and rotating the 
tong sleeve further to disconnect the kelly from the 
drill string. 
The present invention is advantageous over the prior 

art since the closing of the mud saver valve is not de 
pendent upon a pressure change of the drilling mud 
within the kelly. 
A further advantage is that the valve is closed and the 

kelly disconnected in one motion requiring one opera 
tion. The kelly must be rotated to be disconnected from 
the drill string anyway, so the closing of the mud saver 
valve during the same operation is efficient, reliable 
and time saving. 
Another object of the invention is to require the con 

nection between the new joint and kelly to be secure 
prior to running the new joint into the well. Since the 
valve is opened during the same operation which tight 
ens the connection between the new joint and valve, 
the new joint will not be runinto the well until the con 
nection is secure becasue the valve will be closed and 
so mud will flow if the connection has not been tight 
ened. 
Other objects and advantages of the invention will 

appear from the following description. 
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‘BRIEF DESCRIPTION OF THE DRAWINGS , 

For a detailed description of a preferred embodiment 
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of the invention, reference will now be made to the ac- ‘ 
companying drawings wherein: 
FIG. 1 is a schematic of the environment in which the 

present invention operates: I > 

FIG. 2A is a cross-section of the upper portion of the 
drilling ?uid saver valve; I c 

FIG. 2B is a‘continuation of the cross-section shown 
in FIG. 2A showing the lower portion of the drilling 
?uid saver valve; ' 

FIG. 3 is a cross-section of the drilling ?uid saver 
valve taken at the plane indicated in FIG. 2A; 

FIG. 4 is an end view of the trunnion of the drilling 
?uid saver valve at the plane'indicated in FIG. 3; and 

FIG. 5 is a cross-section of the drilling fluid saver 
valve taken at the plane indicated in FIG. 2B. ' 

‘ DESCRIPTION or THE PREFERRED 
» EMBODIMENT 

FIG.‘I illustrates generally a drilling fluid saver valve 
assembly It) installed in a typical rotary drilling system. 
The drilling ?uid saver valve‘ assembly III is“ shown in 
detail‘in FIGS. 2-5. - ‘ ' . 

Referring now to FIG. 1, a derrick 12 having a der 
rick ?oor I4 is shown suspending a drill string 16, pipe 
joints vI8, 20 and 22 being illustrated, within a conduc 
tor casing 24 previously installed in an earth bore 26. 
To support drill string I6 a casing head 28 is mounted 
on top of conductor casing 24 with a blowout preventer 

is disposed around blowout preventer 30 with a rotary 
table 32, mounted on derrick ?oor I4, which is adapted 
to receive a master bushing 34 to provide the power 
source to rotate the drill string 16. ‘ ' ' 

As shown in FIG. I, a set of slips 36lis received‘ in 
master bushing 34 to‘ suspend drill string‘ I6 within the 
well during the operation of adding another pipe joint 
38. Pipe joint 38 is stored in a mouse hole 40. Mouse 
hole 40 is a conduitprotruding through and supported 
by the derrick ?oor and has a closed lower end. Pipe 
joint 38 rests within mouse hole 40 until it is'to be 
added to drill string I6. ‘ 
A kelly 42 and the drilling ?uid saver assembly I0 are 

suspended on the derrick I2 above the derrick ?oor I4 
by the draw works including a block and tackle or hoist 
44. The hoist 44 includes a crown block (not shown) 
disposed at the very top of derrick I2 with a traveling 
block 46 suspended from the crown block by cables 48. 
This hoist 44 provides a means by which the kelly 42 
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- 30 disposed abovecasing head 28. The derrick floor 14 . 
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and valve assembly I0 can be raised and lowered rela- 1 
tive to the derrick ?oor I4. 
A swivel 50 is provided with a ball 52 which engages 

a hook 54 carried by traveling block 46. The kelly is 
connected at its upper end to swivel 50 by means of a 
swivel sub 56. Swivel 50 includes the swivel sub 56 
which rotates with the kelly 42 and an upper portion 58‘ 
rotatably connected to the swivel sub 56 and adapted 
.to remain stationary while the swivel sub 56 rotates 
with the kelly 42. This permits the swivel 50 to transmit ‘ 
drilling ?uid from a stationary hose 60 to kelly 42 while 
allowing relative rotary motion therebetween. 

Kelly 42 is a conduit having a non-circular, polygonal 
cross-section at its midportion 62 and two circular end 
portions 64, 66 at each end. The drilling ?uid saver 
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' rotary shouldered connection. The rotary shouldered ' 
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valve assembly 10 is connected to the lower end por 
tion 66 of the kelly 42 by means of a rotary shouldered 
‘connection formed bya pin 68 projecting from lower 
end portion 66 and threadingly received by a box 70 
disposed in the upper end of valve assembly It). The 
combination of the aforedescribed drilling ?uid saver 
valve assembly 10 and the kelly 42 constitutes the heart 
of the present invention since the purpose of the pres 
ent invention is to prevent the ?ow of drilling fluidlor 
mud from the kelly 42 when additional joints of pipe 
such as pipe joint 38 are added to drill string 16. i 
A kelly bushing 72 is disposed around kelly 42. Kelly 

bushing 72 has a square cross-section 74 tclescopingly 
and slidingly cngageable with the square shaped inner 
bore 76 of ‘master bushing 34. and a polygonal shaped 
inner bore 78 telescopingly and slidingly receiving the 
polygonal periphery'62 of kelly 42. When these con~ 
nections are engaged, the master bushing 34 transmits 
torque to the kelly 42, which in turn drives drill string 
16. . - ' ‘ 

When it is desired to rotate drill string 16, the kelly 
42 ,islowered and valve assembly 10 is connected to 
pipe joint 18 of drill string I6 by means of a second ro 
tary shouldered connection which includes pin 80 pro“ 
jecting from the lower end of valve assembly 10 to be 
threadingly received by box 82 disposed in the upper 
end of drill joint 18. The hoist 44 removes the tension 
on theslips 36 and the slips 36 are removed. The drill 
string 16 is then lowered until kelly bushing 72 is re 
ceived in the bore 76 of master bushing 34. Thereupon 
the rotary table 32 can rotate the drill string I6 through 
master bushing _34, kelly bushing 72, and kelly 42 and 
drilling can proceed. ‘ 

In a rotary drilling system a drilling fluid or mud con~ 
tinually passes through the system‘during the drilling 
operation. The mud is pumped by mud pump 90, which 
is driven by drilling motor 92, from a surface reservoir 
or mud pit 94 and through pipes 96,‘ 98 to the hose 60 
previously described as attached to swivel 50. The mud 
then‘passes through swivel 50 and’ down the common 
?ow bore of the kelly 42, valve assembly I0 and drill 
string 16 to a rotary bit (not shown) at‘the bottom of 
the well bore 26.‘ The mud is ejected at high velocity 
through a number of ports extending through the wall 
of the bit and iscirculated up the annulus I00 between 
the casing 24 and drill string 16. The mud passes from 
annulus I00 via side port I02 in casing head 28 and 
through pipe. 104 and back to mudl pit 94 for recircula 
tion. ‘ 

Referring now to FIGS. 2-5 for a detailed description 
of the drilling ?uid saver valve assembly It), there is 
shown in FIGS. 2A and 2B a cross-section of the com 
plete assembly 10 with FIG. 2A illustrating the upper . 
portion thereof and FIG. 2B illustrating the lower por 
tion. Valve assembly 10 includes a tubular body I10 
having an upper body portion I12 and a lower body 
portion 114. The upper body portion 112 provides the 
?ow inlet for ?ow bore 116 of the tubular body, I I0 and 
the lower body portion 114 provides the ?ow outlet. . 
The upper body portion 112 includes box 70 for 

threadingly receiving pin 68 of kelly 42 to form a rotary 
‘shouldered connection, and the lower body portion 
114 includes pin 80 adapted for threaded engagement 
with box 82 disposed on pipe joint 18 to form a second 

connections described in U.S. Pat.‘ No. 3,754,609 to 
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William R. Garrett — issued Aug. 28, 1973, could b 
used for the connections described above. ' 
A valve nest 118 is disposed in the upper end of the 

lower body portion 114 opposite pin 80 and includes a 
series of counterbores 120, 122, 124 and 126. Counter 
bore 120 provides internal threads 128 at its upper ‘end 
to form box 130. ' I ' 

' A valve core 132 is adapted to be received by valve 
nest 118, and includes two identical valve seats 134 and 
a plug type stopper 136. Valve seats 134 have a re 
duced outer diameter‘ neck 137 creating an annular 
shoulder 138. The end of seats 134 adjacent neck 137 
has an inner frusto-conical surface 140 and the oppo 
siteend has a counterbore "142. An inner frusto-conical 
surface 144 is disposed at the'base of counterbore 142. 
An outer frusto-conical surface ‘146 is disposed on the 
outer lip of the end opposite neck 137 of seats 134, and 
an annular pressure sealing surface 148 is disposed on 
the inner lip of that same end for engagement with 
stopper 136. ' 

‘Stopper 136 is generally spherical with a flow bore 
150 through the middle, the same size'as flow bore 116. 
The axis of bore 150 is perpendicular to the rotational 
axis of stopper 136. The interfaces of the bearing sur 
faces 152, 154 of counterbore 122 and stopper 136, re 
spectively, are planesparallel to the flow axis and per 
pendicular to» the axis of rotation of the stopper 136. 
The remaining spherical faces 156 of stopper 136 have 
the same general curvature as counterbore 122 so as to‘ 
slidingly fit therein when the stopper 136_is inserted 
into counterbore 122 and rotated therein. 

In the assembled position, an annularly bowed ?at 
springv 158 is inserted within the valve nest 118 as 

_ shown, with spring 158 having generally the same mean 
diameter as upwardly facing annular shoulder 160 cre 

. ated bycounterbore 126. The neck 137 of the lower 
seat 134, having a slip fit with counterbore 126, is re 
ceived by nest 118 with counterbore 124 providing 
substantial lateral ‘clearance. Stopper 136 is inserted 
into nest 118 with bearing surfaces 152, 154 in a mat 
ing position. The upper seat 134 is then received within 
nest 118. _ - ' 

" The upper tubular body-portion 112 has a pin 162 on 
its lower end forming an outer annular downwardly fac 
ing‘ ?ange 164' and an inner frusto-conicalshoulder 
166. A counterbore 168 is disposed within pin 162 for 
receiving the neck 137 of upper seat 134 and another 
annularly bowed ?at spring 170. Pin 162 has exterior 
threads 172 threadingly engaging the interior threads 

, ‘ 128 of box 130 as pin 162 is received by nest 118 and 
box 130. Spring 170 engages the downwardly facing 
annular shoulder 174 created by counterbore 168, and 
counterbore 168 receives the neck 137 of upper seat 
134 as pin 162 is threadingly received by ‘box 130. 
Springs 158 and 170, seating on shoulders 160 and 174, 
urge the annular pressure sealing surfaces 148 of seats 

' 134 into annular engagement with curved surfaces 156 
of stopper 136. Inner frusto-conical shoulder 166 of 
upper body portion 112 mates with a correlating frusto- ' 
conical surface 176, forming the extreme end 177 of _ 
lower. body portion 144, thereby limiting the reception 
of pin 162 within box 130. ' t 
A series of O-rings-are used to seal the flow bore 11 

from leakage due to the high pressure placed on~the 
drilling ?uid. (ll-rings 178 are disposed in external annu 
lar grooves .180 above and below threads 128 to seal 
ingly engage the smooth sealing surface 182 of counter 
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bore 120. The mating of shoulder 166 and end‘177 
causes O-rings 178 to tightly engage surface 183. 0 
rings 184 are located in annular grooves 186 in the ex 
terior surface of necks 137 of seats 134 to sealingly en 
gage the smooth sealing surfaces 188, 190 of counter- _ 
bore 126 and 168, respectively. ' 
The drive train for rotating stopper 136 includes a 

trunnion 200, gear sleeve 202, and actuator sleeve 204 
as shown in FIG. 3. 
The trunnion 200 rotates stopper 136 between an 

open position, where the flow bore 150 aligns with ?ow 
bore 116, and a closed position, where flow bores 150 
and 116 are not aligned. correspondingly polygonal re 
cesses 206 in bearing surfaces 154 receive mating po- » 
lygonal cross-sectioned pins 208 disposed on the inte‘ 
rior ends of trunnion 200. Trunnion 200 is-rotatably 
mounted in bearing holes 210 passing through the bear 
ing surfaces 152 of counterbore 122. 0-rings 212, dis‘ 
posed within annular grooves 214 in-trunnion 200, seal 
ingly engage the smooth surfaces 215 of bearing holes 
210 to prevent mud from escaping. 
Referring now to FIG. 4, gear sleeve 202 is rotatably 

mounted about the upper part of lower body portion 
114 and has windows 216, 218 which receive pinions 
220 disposed on the exterior ends of trunnion 200. 
Crown gear teeth are cut in the upper side of window 
216 at 222 and in the lower side of window 218 at 224, 
and mesh with pinions 220 such that, as gear sleeve 202 
is rotated about the axis of flow bore 116, trunnion 200 
rotates stopper 136. The engagement of the upper edge 
of one pinion 220 by the upper side of window 216 and 
the engagement of the lower edge of other pinion 220 

,_ by the lower side of window 218 prevent any torque 

35 
from being placed on» trunnion 200 and permit a more 
even distribution of the forces on trunnion 200. 

Referring to FIG. 2B, actuator sleeve 204 is rotatably 
' mounted about the mid section of lower body portion 
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114 andgis exteriorly splined at its upper end at 226 to 
interior splines 228 on the lower end of gear sleeve 
202. Therefore, the stopper 136 will move between the 

' open and closed position when the actuator sleeve 204 
is manually rotated with tongs or a wrench. - 
A housing sleeve 230,vhaving a counterbore 232 at its 

lower portion, slips over the upper end of lower body 
portion 114 and encloses gear sleeve 202 within coun 
terbore 232. The extreme end of housing sleeve 230 
circumscribes the splines at 226 and a further upper 
part of actuator sleeve 204. Housing sleeve 230 is 
mounted to the lower body portion 114 by means of a 
threaded pin or screw plug 234 protruding into a small 
bore 236 in the upper end of lower body portion 114. 
The upper extreme end 238 of housing sleeve 230 
abuts downwardly facing ?ange 164 of upper body por 
tion 112. 0-ring 240, disposed in annular groove 242 on 

_ the upper interior surface of housing sleeve 230, seal 
ingly engages the smooth sealing surface 244 of the 
upper end of lower body portion 114. Dual 0-rings 246 
are disposed in annular grooves 248 in the lower inte 
rior surface 250 of counterbore 232 to sealingly engage 
the smooth sealing peripheral surface 252 of actuator 
sleeve 204.‘ 
Housing sleeve 230 also provides support for pinions 

220. Plugs 254'are received by recesses 256 in the exte 
rior ends'of trunnion 200 and extend through ports 258 
'in housing sleeve 230. Plugs 254 are attached to trun 
nion 200 by bolts 260 countersunk into plugs 254 and 
threaded into tapped bores 262 in the ends of trunnion 
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200. O-rings 2,64,lreceived by annular grooves 266 dis 
‘ posed around plugs 254, sealingly engage the smooth 
sealing surface of ports 258 to prevent leakage. As 
shown in FIG. 4, an indicator 268 affixed to bolt 260 
indicates whether the valve is open or closed. 
Referring now to FIGS. 2B and 5, actuator sleeve 204 

has splines 270 housed within eounterbore 272 dis 
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posed in the lower'end of sleeve 204, and is splined at ' 
274 to the periphery of the lower body portion 114. 
The segmented channels'276, as best shown in FIG. 5, 
are much larger than-the correlating splines 278 dis~ 

' posed on reduced-diameter portion 288 of body por 
tion 114. Channels 276 therefore permit actuator 
sleeve 204 to be rotated a sufficient distance to cause 
stopper 1136 to be rotated to the closed position before 
the side shoulders 280 of channels 276 engage splines 
278 and cause tubular body M0 to rotate. This lost mo 
tion between the actuator sleeve 204 and lower body 
portion permits the valve to be closed and the valve as 
sembly 10 to be disconnected from the pipe joint 18 in 
one continuous rotation of the actuator sleeve 204. 
Bearing rings 282 are disposed between the lower end 

' of actuator sleeve 204 and upwardly facing shoulder 
284 created by reduced diameter portion 286 of lower 
body portion I14. , 

In the operation of the present invention, when dril~ 
ling has progressed to wherethe kelly 42 has moved 
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down to the point‘in which the sub 64 is right on top - 
of the kelly bushing 72, it becomes necessary to add an 
other piece of drill pipe such as pipe joint 38 shown 
stored in mouse hole 40 in FIG. ll. The drill string 16 
is-lifted by the hoist 44 until the kelly bushing 72 clears 
themaster bushing 34 and slips 36 are inserted to sus 
pend the drill string‘ 116 as shown in FIG. 1. The motor 
92 is stopped, thereby shutting down the'mud pump 90. 
At this time, the pressure in drill string 16, as indicated 
by gage 300, should drop to substantially zero. If it does 
not, bleeder valve 302 is ‘opened to bleed off the resid 
ual pressure. a 

To breakout and disconnect the connection between 
the drill string 16 and valve assembly 10, a break-out. 
torque is-applied to the connection by clamping tongs 
on a wrench (not shown) to the uppermost pipe joint 
18 of drill string 16 with an anchor cable (not shown) 
affixed to derrick l2, and by attaching power tongs to 
the actuator sleeve 204 with a cable (not shown) ex 
tending from the power tongs to a cat-lead (not 
shown). The cat~lead winds the cable to cause the 
power tongs to rotate the actuator sleeve 204. 
The first partial rotation closes the valve, during 

which time the lost motion between the splines of actu 
ator sleeve 204 and body portion 114 isexpended, and 
further rotation of actuator sleeve 204 causes the dril 
ling ?uid saver valve assembly 10 and kelly 42 to rotate . 
thereby unthreading pin 80 from box 82 on pipe sec 
tion 18. 
Following the initial breakout of the connection 

'using the power tongs, the connection may be com 
pletely disconnected by anchoring the tongs attached 
to actuator sleeve 204, removing the tongs on joint 18, 
and turning on the rotary table 32. Rotary table 32 ro 
tates joint 118 because of ‘slips 36 and master bushing 
34, thereby disconnecting the connection. As the kelly 

‘ 42 and assembly 10 are lifted from drill string 16, no 
mud flows out since the valve is closed. 
The kelly'42 and assembly 10 are then pushed over 

to one side of the derrick l2 and aligned with box 304 
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of pipe joint 38 in mouse hole 40. Tongs (not shown) 
are vclamped to joint 38 with an anchor cable (not 
shown) being attached to derrick 12. A spinning chain 
or kelly spinner (not shown) is positioned around valve 
assembly ‘10. A forked cable is used by wrapping the 
shorter branch around valve assembly 10 and tying the 
longer ‘branch to the tongs such that, as the shorter 
branch of the cable is wound on a cat lead, the kelly is 
threaded into joint 38. When all the slack of the longer 
branch of the cable has been taken up. pin 80 and box 
304 are almost completely engaged. The tongs at 
tached to the longer branch are then attached to aclua' 
tor sleeve 204. Force is then applied to the longer 
branch, rotating actuator sleeve 204 in a direction op 
posite to that of the breakout operation ?rst opening _ 
the valve again, and then ?nally tightening pin 80 
within box 304. The mud previously trapped in kelly 42 
and assembly 10 then ?ows through pipe joint 38 and 
into mouse hole 40, which has an over-?ow 306 to re 
move excess accumulated mud. Becauseof the fric 
tional drag within the drive train of valve assembly 10, 
a torque sufficient to initially threadingly engage pin 80 
within box 304 can be applied without causing-actuator 
sleeve 204 to open the valve. Only when the connec 
tion is tightened will ‘a large enough torque be placed 
on actuator sleeve 204 to cause the drive train to actu 
ate the valve.. . 

Pipe joint 38 is then lifted out of mouse hole 40, and 
pin 308 on joint 38 is stabbed and screwed tight into 
'box 82 of joint 18. The pump motor 92 is then restarted 
restoring circulation, and the newly added joint 38 and 
its connections are checked ‘for leaks. If there are no 
leaks, the joint 38 is lowered in the hole and kelly 42 
is lowered until kelly bushing 72 engages recess 76 in 
master bushing 34. Drilling is then resumed. 
After rising the prior art valves, the connection be 

tween the kelly 42 andnew joint 38 was not ?nally 
tightened until the joint 38 was connected to the upper 
‘most pipe joint 18 ofdrilling string 16. Upon starting 
the mud pump again,'the prior art valves would permit 
the circulation of mud through the system causing a 
leak at the connection. If the leak were detected, the 
connection could not be tightened until the joint had 
been run into the‘well sufficiently for the connection to 
reach a workable level. This would be difficult because 
the joint would have to be run into the well without 
mud circulation due to the leak. If the leak through the 
unsecured connection was not detected, the added 
joint 38 could be lowered in the well before the leak 
eventually was discovered. By making the tightening 
operation synonymous with the opening of the valve, 
this type of error could not be made. . 

In addition to the special function heretofore de 
scribed of the drilling ?uid saver valve assembly 10 as 
a mud saver valve, the assembly 10 also serves as a con 
ventional safety valve. The stopper 136 can be rotated 
to lose the valve assembly 10 and prevent drilling ?uid 

1' from backing up on the drill string 16. 

60 »' While a preferred embodiment of the invention has 
been shown and described, modi?cation thereof can be 
made by one skilled in the art without departing from 

a the spirit of the invention. 
' I claim: 

I. Drilling ?uid saver valve assembly comprising: 
a tubular body having a ?ow axis; 
valve closure means mounted within said tubular 
body for rotation about an axis transverse to said 



, at 
?ow axis between an open'position permitting ?uid 
?ow through said tubular body along said ?ow axis 
and a closed position preventing ?uid ?ow through 
said tubular body along said ?ow'axis; 

actuator means rotatablearound said ?ow axis; 
drive means connecting said actuator means to said 
closure means for rotating said valve closure means 
between said open and closed positions when said 
actuator means is turned about said ?ow axis be 
tween predetermined positions; and ‘ ' 
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torque means for transmitting torque between said ‘ 
actuator means and said tubular body about said 
?ow axis, said torque means including a portion 

' carried by said actuator means and a portion car-_ 
ried by said body, said portions being engageable 

‘ .in one relative positionof said body and closure 
means to transmit torque in one direction about 
said axis and being engageable in another relative 
position of said body and closure means to transmit 
torque 'in the opposite direction about said ?ow 
axis, said positions being azimuthally separated by 
an amount-equal to the azimuthal travel of said ac 
tuator means relative ‘to said body required to 
move said closure means between open and closed 
positions, ‘ ' ‘ - . ' ' , 

. said torque means being independent ‘of said drive 
means, whereby torque can be transmittedbe 
tween said actuator means and'said' tubular body 
without passing through said drive means, thereby 
avoiding torquestrain on said drive means except 
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when the closure is being moved between said open 
and closed positions. 1 . > ' 

2. Apparatus according to claim 1 wherein said tubu 
lar body includes valve seats disposed in said ?ow pas 
sage at opposite sides of said valve closure means and 
engageable therewith, said seats being free of stop sur 
faces that would prevent rotation of said closure means 
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relative to said seats about said ?ow axis. - I ' 

3. Apparatus according to claim 2 wherein said valve 
‘ v seats are tubular members ‘telescopically received in 

recesses in said valve body and are free to rotate in said 
recesses about said ?ow axis. ‘ I 

4. Drilling ?uid saver valve assembly comprising: 
a tubular body having a ?ow axis; . 
valve closure means mounted within said tubular 
body for rotation about an axis transverse to said 
?ow axis between an open position permitting ?uid 

. flow through said tubular body along said ?ow axis 
and a closed position preventing ?uid flow through 
said tubular body along said ?ow axis; 

means rotatable around said ?ow axis for rotating 
said valve closure means between said open and 
closed positions; and , ' - ' 

lost motion means engageable with said rotatable 
means for rotating said tubular body after said 
valve closure means has rotated to a new position; 

said lost motion means including a splined connec 
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tion betweensaid rotatable means and said tubular 
body, said connection having at least one spline re 
ceived within a channel, said channel being suffi 
ciently larger than said spline to permit said rotat 
able means to rotate said valve closure means‘ to a 

' new vposition before said spline engages one side of 
said channel to cause said tubular body to rotate 
with said rotatable means. . 

5. A valve assembly according to claim 4 wherein 
said tubular body includes rotary shouldered connec 
tion means atboth ends thereof for connection with 
other ?uid conducting members whereby upon the re 
tation of said tubular body with-said rotatable means 
oneof said rotary' shouldered connections is effected 
with one of said other ?uid conducting members; 

6. A valve assembly according to claim 5 wherein 
said valve closure means includes pinion means hav 

ing first gear teeth engageable with said rotatable 
' means for rotation of said valve closure means; and 

' said rotatable means includes asleeve circumferen 
tially mounted about said tubular body for rotation 
thereabout, said sleeve having segmented windows 
receiving said pinion means; said windows having ~ 
second gear teeth mating with said ?rst gear teeth 
whereby a rotation of said sleeve about said tubular 
body causes said pinion means to rotate thereby ro 
tating said valve closure means. 

7. A valve assembly according to claim 6 wherein: 
said pinion means includes two pinions having first 
gear teeth disposed around their periphery; and 

said segmented windows including one window hav- ' 
ing said second gear teethlprojecting from its upper 
portion and another window having said second 
gear teeth projecting from its lower portion. 

8. A valve assembly according to claim 7 wherein 
said valve closure means further includes a trunnion 
mounted within said tubular body forrotation about an 
axis transverse to said ?ow axis, a plug mounted for ro 
tation on said trunnion and having a ?ow-bore alignable 
with said ?ow axis in the open position, and seats en 
gageable with said plug, said pinions being ‘mounted on 
said trunnion. 

9. Drilling ?uid saver valve assembly comprising: 
a tubular body having a ?ow axis and rotary shoul 
dered connection means at both ends thereof for 
connection with other ?uid conducting members; 

avalve closure rotatably mounted within said tubular 
body on ‘an axis transverse to the ?ow axis; said 
valve closure including a shaft having a pinion; and 

an actuator rotatable around the ?ow axis having a 
' crown gear engaging said pinion whereby upon ro 
tating said actuator, said valve closure is rotated 
within said tubular body. 

* * * * X‘ 
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