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The present invention relates to apparatus for drilling 
boreholes in the earth and more particularly relates to 
an improved drill string stabilizer for controlling devia 
tion during the rotary drilling of oil wells, gas wells and 
similar boreholes. In still greater particularity, the in 
vention relates to a drill string stabilizer provided with 
cam-actuated ribs which are retracted into the body of 
the stabilizer during trips into and out of the borehole. 

Efforts to achieve higher penetration rates and reduce 
costs during rotary drilling operations have focused in 
creased attention upon borehole deviation problems in 
recent years. Experience has shown that an increase 
in the axial force or “weight' applied to the bit during 
rotary drilling will normally result in an increase in the 
drilling rate but that this increase is frequently accom 
panied by an increase in borehole deviation. Severe 
deviation, measured by the inclination of the borehole 
rom the vertical or by the rate of change of this inclina 

tion, may result in a failure to penetrate the geological 
Structure of interest, may lead to sticking of the drill 
String in the borehole, may increase fatigue failure of 
pipe connections due to cyclic stresses generated as the 
string rotates in the crooked hole, may complicate the 
installation of casing and other equipment required to 
complete the well, and may give rise to later problems 
Stich as excessive wear of the Sucker rods used to actuate 
the pump in the well. In some cases deviation may also 
lead to legal problems because of inadvertent violation 
of regulations covering well spacing, proximity of the 
bottom of the borehole to lease lines, and the like. Rec 
ognition that these and similar difficulties are apt to ac 
company the use of increased bit weight has spurred in 
terest in methods for minimizing deviation and its effects. 

Three basic methods have been used to combat bore 
hole deviation in recent years. The first of these is pred 
icated lipcn the tendency of a rotary bit to deviate in 
a direction perpendicular to the bedding planes in dipping 
formations. By purposely starting the borehole down 
dip, it is sometimes possible to compensate for deviation 
so that the borehole will reach the desired point at final 
depth. This may avoid certain problems associated with 
deviation but is not wholly satisfactory. A second meth 
od involves the use of large diameter drill collars to in 
crease the effective rigidity of the drill collar assembly, 
particularly within about 90 to 120 feet of the bit. This 
reduces deflection of the bit axis under the influence 
of columnar forces in the coilar to which the bit is at 
tached. Drill collar stabilizers or reamers may be used 
in combination with the large diameter collars to keep 
the collar axis centralized in the borehole and help in 
crease effective column rigidity by preventing undue de 
flection of the drill string. Such “packed hole' tech 
niques normally require that a stabilizer or reamer be 
placed between the bit and lowermost drill collar. Ad 
ditional stabilizers may be located at higher points in 
the large-diameter drill coilar assembly. The third meth 
cd utilizes a stabilizer located a short distance above the 
bit to create a restoring force in response to the unsup 
ported weight of the drill collars between the stabilizer 
and bit in the inclined borehole. Large diameter drill 
collars are preferably used. 
To date the third method referred to above has been 

found to be the most effective means for coping with 
borehole deviation problems. The installation of a stabil 
izer in the drill string about 40 to 60 feet or more above 
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the bit centers the lower end of the string in the bore 
hole and results in a change in the forces acting on the 
bit as long as the drill collars between the stabilizer and 
bit do not touch the borehole wall. The vector sum or 
resultant of these forces is shifted toward the vertical 
if the stabilizer is properly positioned in the drill string. 
Within limits, the drill bit tends to advance in the direc 
tion of this resultant force. Continued drilling with a 
stabilizer located at the proper point will therefore re 
Sult in a reduction in deviation until a depth where the 
deviation angle corresponds to the angle between the 
resultant force and the vertical is reached. Thereafter, 
a change in the position fo the stabilizer in the drill 
String may permit a further decrease in deviation. Stand 
ard tables setting forth the optimum locations for the 
stabilizer under particular conditions have been published 
and will be familiar to those skilled in the art. The use 
of a stabilizer in this manner offsets the effect of in 
creased bit weight by maintaining a more nearly vertical 
borehole and permits the application of more force to 
the drill bit for a given deviation angle than would other 
wise be feasible. 
The conventional drill string stabilizer is a tubular 

member provided with lateral projections or ribs which 
bear against the borehole wall when the stabilizer is con 
nected in place between adjacent drill collars in a rotary 
drill string. The ribs, designed to support the drill col 
lars above the low side of the borehole, must have an 
outer diameter small enough to permit continuous down 
ward movement of the stabilizer as the drill string ad 
vances and yet must be large enough to effect a change in 
the direction of the resultant force acting at the bit. 
Stabilizers employed heretofore have generally had fixed 
ribs of hard-surfaced steel which scrape along the bore 
hole wall during drilling and during trips to and from 
the surface. On trips into the borehole, cuttings, shale 
fragments and other solids tend to accumulate on the ribs 
and may cause pressure surges sufficient to fracture the 
formation and create lost circulation problems. Eduring 
trips out of the hole, solids may pack against the ribs 
until the drill string becomes wedged in place. These 
and similar difficulties frequently encountered with con 
ventional stabilizers have discouraged their use in areas 
where problems such as caving and sloughing are en 
countered, despite the fact that the installation of a 
stabilizer in the drill string might otherwise permit a 
substantial reduction in total drilling costs. 

It has been suggested that difficulties due to sticking 
of the drill string and the creation of pressure surges as 
outlined above might be avoided by means of a stabilizer 
having retractable ribs which could be withdrawn into 
the body of the tool during trips into and out of the 
borehole. Efforts to develop such a tool have generally 
been unsuccessful. The use of mechanically retractable 
ribs normally requires that the retracting mechanism 
be actuated from the surface and poses Serious design 
and operating problems. Ribs or pistons expanded by 
drilling fluid pressure present difficulties because of prob 
lems in securing uniform expansion in a sloping bore 
hole. Because of these and similar difficulties, a Satis 
factory stabilizer having retractable ribs has not been 
available heretofore. 

it is therefore an object of the present invention to 
provide an improved drill string stabilizer having ribs 
which can readily be retracted into the body of the tool 
during trips into and out of the borehole in order to re 
duce damage to the borehole wail, prevent sticking of the 
driil string in the borehole, and avoid fracturing of the 
formation. A further object is to provide a stabilizer 
including an improved means for extending and retracting 
the stabilizer ribs to permit trips to and from the surface. 
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Cther objects will becogna more apparent as the inveil 
tion is described in greater detail hereafter. 

in accordance with the invanticin, it has now been 
found tha 

in response to displacement of a 
spring-loaded inandrei within the stabilizer. The pres 
sure drop of the 
inczzie is utilized to di 
extend the ribs. The seals between the pressure-actuated 
in andrei and the body of the tool are exposed cn one 
side to the fluid pressire is the annulus of the borehole 
aiad on the other side to the high pressure within the 
entral passageway in the drill collars and mandrei. 
When the flow of drilling fluid is interrupted, the mandrel 
returns to its incrinal position aid the ribs are retracted. 
The ribs are thus automatically extended while fluid is 
circulated during drilling operations and are retracted 
when circulation is hated to permit trips into and out of 
the borehole. This eliminates the danger of sticking 
the drill String aid creating pressure Surges during trip 
ping. Displace;inent of the mandrei by fiuid pressure and 
the Lise of carins to extead and refract the ribs avoid the 
necessity for manipulation of the drili string to actuate 
the stabilizer aid obviate difficulties encountered when 
fluid pressure is employed to inflate or extend elastic 
ribs or pistons. The result is a stabilizer which is con 
siderably more depandable than tools available in the 
past. 
The exact inature and objects of the invention can best 

be understood by referring to the following detailed de 
scripticia of a preferred embodiment of the improved 
drill coilar stabilizer and to the accompanying drawing, 
in which: 
FCURE 1 is a partially sectioned vertical view of the 

stabilizer showing the ribs in the retracted position; 
FGURE 2 is an enlarged cross-section taken about 

the lins 2-2 in FG Uir E 1; 
Fig URE 3 is a partially sectioned vertical view of 

the tool with the ribs in the extended position; and, 
F3 URE 4 is an enlarged cross-section taken about 

the line 4-4 in FIGURE 3. 
As can be seein from Fi{G JRE 1 of the drawing, the 
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improved driji string stabilizer of the invention includes 
an elongated housing 13, a mandrel assembly 2 which 
rioves downwardly within the housing when drilling fluid 
is passed through the tool, a series of can members 40 
attached to the mandrel assembly, ribs 45 which are 
actuated by the cam members, and a spring 33 for return 
ing the mandrel to its initial position in the housing when 
the flow of fluid through the tool is interrupted. 
The housing is is a generally cylindrical member of 

Steel cr similar material provided with connecting means 
for attaching the stabilizer in a rotary drill string. The 
connecting means will formally consist of a standard API 
tool joint box 32 at the upper end of the housing and a 
cGi responding tool joint pin 53 at the lower end of the 
tool. An axial passageway 4 extends through the hous 
ing fer the circulation of driiling nud or other fluid from 
the drii string above the too to the drill collar or citier 
component below it. Internal shoulders 5, 3 and 7 
facing the upper end of the tool are located respectively 
just below box 2, at an interriediate point in the hous 
ing, and just above pin 3. Elongated openings 8 ex 
tend through the housing wall between internal shoulders 
35 and ió. The tool depicted contains 6 of these open 
iggs arranged ii) opposed lateral pairs and staggered at 
60 intervals around the housing. Not all of the open 
ings can be seen in the drawing. An internal shoulder 
19 at each end of the openings faces toward the interior 
of the housing. A greater or lesser number of opinings 
arraaged in a somewhat different pattern may be utilized 
f d e S. l d. 

he mandrel assembly 25 employed in the stabilizer 
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4, 
is inade up of three tubular steel sections. Upper sec 
tion 29A fits into and slides within passageway 4 above 
internal shoulder 5. The upper section contains an outer 
shoulder 2 which faces the lower end of the tool aid 
seats against shoulder 5 when the assembly is in its 
towerinost position. Internal shoulders 22 and 23 on 
the upper section bear against center mandrel section 
2CtB to which the upper section is connected by threads 
24. Spanner wrench sockets 25 permit threading of the 
two sections together in the housing. A set screw 26 
which extends through the upper section and is tightened 
against the center section prevents loosening of the 
threaded joint due to vibration. Packing 27 of rubber, 
piastic, hemp cr a similar naaterial is positioned between 
the lower end of upper section 23A and an external 
shclilder 28 on center section 28B to provide a seal 
between the Inaridrel and the housing near the upper 
end of the tool. The mandrel and housing do not rotate 
with respect to one another and hence maintaining the 
seal presents iittle difficulty. The outer surface of the 
center mandrel section contains longitudinally grooved 
recesses 29 at points adjacent the lateral openings in 
housing ii. The grooves 36 are shown more clearly in 
FECURE 2 of the drawing. Each recess is slightly longer 
than the corresponding opening in the housing. An ex 
ternal shoulder 31 near the iower end of center section 
23B seats against housing shoulder 6 when the mandrel 
is in its lowermost position. Below shoulder 31, a lower 
mandrel section 29C is connected to the center section 
by threads 32. Internal shoulder 33 on the center section 
bears against the upper end of the lower section 23C. 
Packing 34 is retained between external shoulders 35 
and 33 on the center and lower sections respectively to 
effect a seal between the housing and mandrel near the 
lower end of the tool. A set screw or similar locking 
means, not shown in the drawing, may be provided in 
order to prevent loosening of the threaded joint connect 
ing the two sections. Helical spring 38 surrounds the 
lower section of the mandrel between lower shoulder 17 
of the housing and external shoulder 39 of the mandrel. 
The entire mandrel assembly is free to slide downwardly 
in the housing in response to the difference in force ex 
erted by the drilling fluid pressure downwardly against 
the upper seal and upwardly against the lower seal, since 
the effective area of the upper seal is greater. The main 
drel is returned to its initial upward position in the hous 
ing by the helical spring when the force exerted by the 
fluid pressure is reduced. 
Cam members 49 of steel or other metal are mounted 

within recesses 23 on center mandrel section 29B and , 
extend parallel to the longitudinal axis of the stabilizer. 
The can members are held in place by bolts 45 threaded 
into holes in the mandrel. The bolts are countersunk 
below the outer Surface of the can members and are Se 
cured in place by lock nuts 42. Splines 43 on the lower 
Surfaces of the can members seat in grooves 36 on the 
mandrel in order to reduce shearing stresses in the bolts. 
Slots 44 extend laterally through the cam members. Each 
Siot originates at a point near the inner surface of the 
cam member, extends parallel to the longitudinal axis of 
the tool for a short distance, siopes outwardly toward the 
upper end of the stabilizer, again extends a short distance 
parallel to the tool axis, and terminates at a point near 
the outer surface of the cam member. The slots in the 
cam members may slope at an angle of from about 10 to 
about 45 to the longitudinal axis of the tool, depending . 
upon the size of the stabilizer and the pressure differen 
tial available to actuate it. An angle between about 25 
and about 35 is generally preferred. Each cam mem 
ber as shown contains two slots but in some cases a 
singlesiot will suffice. 

Steel ribs 45 are slidably connected to the cam mern 
bers by pins 46 which extend through slots 44. The ribs 
and pins are shown more clearly in FGURES 2 and 4 
of the drawing. Each rib is an elongated member con 
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taining an inner recess 47 within which the corresponding 
can member sets when the rib is retracted. The ribs are 
provided with external shoulders 48 at their upper and 
lower ends. These shoulders seat against internal shoul 
ders 19 within the openings in the housing to retain the 
ribs in place and prevent their over-extension. Ports 49 
extend radially through the ribs to permit access to 
lock nits 42 and boits 45 when the ribs are retracted. 
The access ports are closed by threaded plugs 59. The 
outer surface of each rib is covered with a layer of hard 
surfacing material 5, cemented tungsten carbide chips 
Supported in a copper-nickel alloy matrix for example. 
The hard surfacing material reduces wear of the ribs as 
the tool rotates in contact with the borehole wall but 
permits their removal by milling off of the steel behind it 
should this become necessary during a drilling or fishing 
operation. The leading edge of each rib is rounded to 
provide a wedge of drilling fiuid and filter cake between 
the rib and the borehoe wall as the stabilizer is rotated 
during rotary drilling. This reduces friction between the 
ibs and borehoe wall and prevents the accumulation of 
cuttings against the leading surfaces of the ribs. 
The stabilizer of the invention is assembled by first 

positioning helical spring 38 on shoulder 7 in lower part 
of housing S. Cam members 48 are placed in recesses 
47 in ribs 45. Pins 46 are inserted through the ribs and 
can members to hold them together. The assembled 
ribs, can members and pins are positioned in openings 25 
in the housing wall and wedged outwardly so that the 
cam members clear the inner wall of the housing. Lower 
mandrel section 26C and center section 25B are threaded 
together. Packing 34 is positioned between shoulders 35 
and 35 on the mandrel. The assembled sections 25B and 
29C are then inserted into the housing so that the lower 
section extends downwardly within helical spring 38. 
Packing 27 is placed on shoulder 28 about the upper end 
of the mandrel. Upper section 26A is threaded over this 
center section and tightened in place with a spanner 
wrench. Set screw 26 is threaded in place. The ribs 
and cam members are freed and positioned so that the 
access ports 459 align with the bolt holes in the cam mem 
bers and nihandrel. Bolis 4; and lock nuts 42 are inserted 
to secure the can members to the mandrel. Plugs 58 
are then inserted in the access ports to close them. As 
sembly of the stabilizer is then complete and the tool is 
ready for use. 

in utilizing the stabilizer, the tool is generally inserted 
in the drill string between drill collars at a point from 
about 30 to about 90 feet above the bit. The most effec 
tive iocation will depend upon a number of factors, in 
cluding the dip of the formation being drilled, the inclina 
tion of the borehole, the diameter of the bit and drili co 
lars, and the weight to be used in drilling. The borehole 
will nortnally be surveyed with an incinometer or similar 
instrument before the drill string containing the stabilizer 
is lowered in place. Standard tables giving optimulin sta 
bilizer locations for various conditions have been pub 
lished and will be familiar to those skilled in the art. 
After the stabilizer has been inserted at the proper place 
in the drill string, the string is lowered into the borehole. 

During the trip into the borehole, the drilling fluid cir 
culation pumps on the surface are normally shut down 
and hence no fluid flows through the stabilizer. Helical 
spring 33 therefore holds the mandrei assembly 25 in an 
upward position within housing Eli. The stabilizer ribs 
are held in the retracted position shown in FIGURE 1. 
of the drawing. After the bit has reached the bottom 
of the borehole, the circulation of fluids through the drill 
string is commenced. Fluid flowing through the sta 
bilizer and the bit nozzles below it exerts pressure against 
upper mandrel section 29A sufficient to force the mandrei 
assembly downwardly within the housing against spring 
33. The cam members move downwardly with the man 
drel, forcing the ribs outwardly as the slots in the can 
members move with respect to the pins extending through 
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6 
them. The shoulders at each end of the ribs and housing 
openings limit extension of the ribs. The internal shoul 
ders in the housing restrict the downward movement of 
the mandrei assembly. FIGURE 3 of the drawing de 
picts the tool in operating position. As the drill string 
is rotated to turn the bit, the entire stabilizer assembly 
rotates. The stabilizer ribs bear against the borehole 
wall and hold the drill collars below the stabilizer away 
from the wall. This moves the resultant force acting on 
the bit toward the vertical and this tends to reduce devia 
tion of the borehole. The rounded leading edges of the 
stabilizer ribs force fluid between the ribs and borehole 
wall as the stabilizer rotates. This reduces friction be 
tween the ribs and the wail. The abrasion-resistant outer 
Surfaces of the ribs thus rotate against and slide along 
the waii of the borehole as the drill string advances. Rel 
atively little wear of the rib surfaces occurs because con 
tact stresses are small. 
When it becomes necessary to withdraw the drill string 

from the borehole, the drilling fluid circulating pumps 
at the Sarface are normally stopped. The pressure dif 
ferential across the stabilizer thereupon decreases to Zero. 
The force exerted by the compressed stabilizer spring 
moves the mandrel assembly upwardly within the sta 
bilizer housing. Movement of the cam members with 
respect to the ribs pulls the ribs into the retracted posi 
tion shown in FIGURE 1 of the drawing. The drill 
string can then be withdrawn from the borehole just as 
though the stabilizer were not present. The ribs do not 
xtend into the annulus surrounding the drill collars and 
hence there is little or no danger of damaging the bore 
hole wall or sticking of the drill string during the trip to 
the surface. Wear and abrasion of the rib surfaces and 
operating mechanism during tripping is precluded. Con 
tinued use of the stabilizer in this inanner will correct ex 
cessive berehole deviation and permit the use of more 
weight on the drill bit than would otherwise be feasible. 

in the event that the drill string should for some reason 
become stuck in the borehole during tripping, it is often 
possible to free the string by resunning the circulation of 
driling fluid and thus exteriding the stabilizer ribs. The 
pressure exerted by the ribs against the wall will tend to 
force the string away from the wall. The pressure dif 
ferential across the stabilizer and bit permits extension of 
the ribs regardless of the position of the driil string in the 
borehole. Should it become necessary to mill off the ribs, 
a conventional milling tool can be lowered over the drill 
String and employed in the usual manner. The milling 
tool will cut through the steel behind the hard surfacing 
material of the rib surfaces and hence the milling opera 
tion can be completed relatively rapidly. 
What is claimed is: 
1. A drill String stabilizer which comprises an elongated 

tlibiliar housing containing a plurality of lateral openings 
and including means for connecting said housing in a 
drill String; a tubular mandrel positioned within said hous 
ing and axially siidable therein; sealing means between 
said mandrel and housing above and below said lateral 
openings; a plurality of slotted cam members mounted in 
fixed position on the outer surface of said mandrel and 
eXtending outwardly within said lateral openings; a piu 
raity of rib members positioned in said lateral openings 
Over said can members; cam pins attached to said rib 
members and extending through said slotted cam mem 
bers, said pins and the slots in said cam members being 
positioned so that said rib members are forced outwardly 
as Said can members and maindrel slide downwardly with 
respect to Said housing and said pins bearing against verti 
cal Surfaces on Said can members when said rib members 
are in the expanded position; and a spring in said housing 
biasing said mandrel in a normally upward position with 
respect to said housing. 

2. A stabilizer as defined by claim 1 wherein the slots 
in said cam members extend at an angle between about 
25 and about 35 to the longitudinal axis of the stabilizer. 

3. A drill string stabilizer which comprises a tubular, 
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generally cylindrical housing provided with means for 
connecting said housing at an intermediate point in a 
rotary drill string, said housing including a plurality of 
elongated lateral openings spaced at intermediate points 
therein; an elongated tubular mandrel positioned within 
said housing and axially slidable in response to the pas 
sage of fluid through said housing and maindrel; sealing 
means between said housing and maindrei above and be 
low said lateral openings in said housing; a plurality of 
can meinbers mounted in fixed position on the outer Sur 
face of said mandrel and extending into said laterai open 
ings in said housing, each of said caim members contain 
ing a slot including up;per and lower sections extending 
parallel to the axis of said stabilizer and a center section 
which slopes outwardly toward the upper end of said hous 
ing; a plurality of rib nembers fitting over said can 
members within said lateral openings; ca; in pins attached 
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3. 
to said rib members and extending through said slots in 
aid cam merinbers, said pins and the slots in said cam 
embers being positioned so that said rib members are 

2xtended as said cam rhembers and mandrel move down 
Wardly with respect to said housing; and a helical spring 
il the lower portion of said housing against which said 
maidi'el bears, said spring urging said mandred in a 
normally upward position with respect to said housing. 
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