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3,268,274 
SPIRAL BLADE STABILIZER 

John E. Ortloif and William D. Smiley, Tulsa, Okla, 
assignors, by mesne assignments, to Esso Production 
Research Company, Houston, Tex., a corporation of 
Delaware 

Filed May 25, 1964, Ser. No. 369,735 
7 Claims. (Cl. 308-4) 

The present invention relates to rotary drilling equip 
ment and is particularly concerned with improved drill 
string stabilizers useful in drilling oil wells, gas wells and 
similar boreholes. . 

Stabilizers are widely used to center the drill string in 
the hole during oil ?eld rotary drilling operations. The 
typical stabilizer employed for this purpose consists of a 
tubular sub ?tted with rigid external ribs which bear 
against the borehole wall as the drill string rotates. Be 
cause of abrasion which occurs when the ribs move in 
contact with the wall, tungsten carbide or a similar re 
fractory material is generally applied to the outermost 
rib surfaces by means of an electric are or oxyacetylene 
torch. This improves stabilizer life but is not wholly 
satisfactory. Experience has shown that materials thus 
applied generally have rough outer surfaces which may 
cause excessive wear of the casing and other equipment 
in the borehole, that they often contain ?aws due to slag 
or gas inclusions and are usually highly stressed because 
of differences in thermal expansion, and that such ma 
terials are generally softened or degraded as they are 
welded in place. In addition, the large rough particles 
of tungsten carbide applied by the welding process pro 
trude from the weld metal and break relatively easily 
under impact as the blades contact the borehole wall. 
As a result of these and related difficulties, conventional 
stabilizers wear undersize quickly and generally have to 
be rebuilt at frequent intervals to maintain their effective 
ness. 

The present invention provides a new and improved 
stabilizer which eliminates many of the di?iculties en 
countered with stabilizers available in the past. The 
stabilizer of the invention is characterized by spiral seg 
mented ribs which extend longitudinally over the major 
portion of the tool surface. Each rib segment is hard 
faced on its outer surface with closely spaced blocks of 
tungsten carbide, with spheroidal granules of tungsten 
carbide or with a similar material set in a suitable matrix. 
It has been found that such stabilizers can readily be 
fabricated with smooth outer surfaces which will not 
severely damage the casing or other equipment in the 
bore hole, that the segmented ribs are surprisingly re 
sistant to wear and abrasion, and that such stabilizers gen 
erally have a useful life at least three times that of the 
conventional tool. 
The nature and objects of the invention can best be 

understood by referring to the following detailed descrip 
tion of the improved stabilizer and to the accompanying 
drawing, in which: 
FIGURE 1 is a vertical elevation, partially in section, 

of one embodiment of the stabilizer which includes seg 
mented ribs bonded directly to the tool body; 
FIGURE 2 is an enlarged cross-section through a rib 

segment taken along the line 2—2 in FIGURE 1; 
FIGURE 3 is a vertical elevation, partially in section, 

of an alternate embodiment of the invention in which the 
rib segments are formed on sleeves attached to the tool 
body; and 
FIGURE 4 is a cross-sectional view through the stabil 

izer of FIGURE 3 taken about the line 4—4. 
The stabilizer shown in FIGURE 1 of the drawing in 

cludes an elongated tubular body 11 provided with an 
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A.P.I. tool joint box at its upper end and with an A.P.1. 
tool joint pin 12 at its lower end. These permit connec 
tion of the tool at an intermediate position in a conven— 
tional rotary drill string. Other connecting means may 
be utilized in lieu of the box and pin if desired. An 
internal passageway, not shown in the drawing, extends 
through the body to permit the circulation of drilling ?uid. 
Spiral ribs 15, 16 and 17 are mounted on the outer sur 
face of body 11 and are spaced at intervals of 120° about 
the body periphery. As indicated by reference numerals 
15a, 15b and 15c, each rib is made up of three longitu 
dinal segments which are separated from one another to 
form a discontinuous spiral extending about the body 
through an angle of about 120°. This use of segmented 
ribs minimizes dif?culties encountered due to differences 
in the coef?cients of thermal expansion of the rib metal 
and hardfacing material, limits the adverse effect of failure 
of the carbide at a particular point, reduces abrasion 
caused by the entrapment of particles between the rib 
surface and the borehole wall, and permits fabrication of 
the tool in sizes which would not otherwise be feasible. 
The rib structure is shown more clearly in FIGURE 2 

of the drawing. As shown in FIGURE 2, each rib in 
cludes a supporting member 18 of steel, aluminum or 
similar metal containing a channel in its outer surface. 
This channel is ?lled with a matrix 19 formed of closely 
spaced powder granules of tungsten carbide or a similar 
refractory hard metal carbide bonded together with a 
metallic binder. Suitable binders include cast iron, iron— 
nickel alloys, copper-nickel alloys, copper-nickel-tin al 
loys, copper-nickel-manganese alloys, iron-nickel-manga 
nese alloys, S-Monel and other alloys having melting 
points in the range between about 1500° F. and about 
2500° F. and the ability in the molten state to wet the 
refractory hard metal carbide granules employed. Cubes, 
cylinders or similar pieces 20 of tungsten carbide, titanium 
carbide, tantalum carbide, tungsten carbide-titanium car 
bide, or a similar refractory hard metal carbide are em 
bedded in the matrix in a regular pattern so that each piece 
presents a smooth outer face. The use of cemented tung 
sten carbide containing from about 3 to about 15% cobalt 
as the cementing agent is preferred. The cubes or other 
carbide bodies will normally be between about one-eighth 
and about one-half inch in size and should be spaced from' 
about one-sixteenth to about one-fourth inch apart. This 
permits the concentration of a large quantity of carbide 
at the outer surface of the rib and yet avoids di?iculties 
encountered when a continuous or substantially continu-' 
ous facing of carbide is used. The matrix between the 
carbide bodies is sufficiently ductile to resist fracturing 
under high impact loading and is hard and erosion re 
sistant because of the carbide powder granules contained 
therein. The powder granules also increase the strength‘ 
of the matrix so that there is little chance of dislodging 
the carbide cubes or similar bodies even though a Wide 
spacing is used. The hardfacing material may extend 
a short distance above the surface of the surrounding rib 
body if desired but this is not essential. 
The ribs employed on the stabilizer of the invention 

may be fabricated by ?rst preparing a carbon or ceramic 
mold containing a cavity shaped to receive a rib segment. 
The mold should be designed so that the channel in the 
outer surface of the rib body can be placed adjacent a 
surface to which the carbide cubes or similar bodies can 
be glued or otherwise af?xed and should be provided with 
a port through which the binder metal can be introduced. 
Cubes, cylinders or other bodies of tungsten carbide, 
tantalum carbide, titanium carbide, molybdenum carbide, 
tungsten carbide-titanium carbide or a similar refractory 
hard metal carbide having smooth outer faces are mount 
ed on this surface in the desired pattern. The rib body 
is then placed in the mold so that the cubes or other 
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bodies extend into the channel. The space surrounding 
the cubes is packed with powdered tungsten carbide or 
the like between about 100 mesh and about 400 mesh in 
size. The powder utilized may be either angular powder 
prepared by crushing pieces of cast, tungsten carbide or 
spheroidal powder obtained by melting tungsten carbide 
and cooling the resultant droplets in a gas stream. The 
mold may be vibrated and pressed at moderate pressures 
to compact the powder and reduce porosity if desired. 

After the mold has thus been prepared, it is placed in 
a furnace and heated to a predetermined in?ltration tem 
perat-ure in the range between about 2000° F. and about 
2600° F. The temperature selected will depend primar 
ily upon the melting point and in?ltration characteristics 
of the binder metal utilized. Temperatures at least 100° 
F. above the melting point of the binder are generally nec 
essary. After the mold has reached the in?ltration tem 
perature, a molten binder alloy previously heated to the 
same temperature is introduced through the port and 
allowed to in?ltrate into the interstices between the 
carbide bodies, powder granules, and rib body. The 
molten binder wets and alloys with the carbide and steel. 
The mold is held at the in?ltration temperature for a 
period of from about 3 minutes to about 10 minutes or 
longer and is then removed from the furnace and allowed 
to cool. It is preferred that the mold be cooled rapidly 
until a temperature below the melting point of the binder 
alloy is reached and that thereafter it be cooled slowly 
to room temperature in order to avoid adversely affecting 
the grain structure of the steel. After the rib has reached 
room temperature, it may be removed from the mold and 
machined or sand blasted to remove any excess binder 
metal. 
The rib segments thus prepared are welded in place as 

shown in FIGURES 1 and 2 of the drawing. This may 
be done by ?rst tack welding the segments in the proper 
position and running narrow beads on each piece. The 
stabilizer body is then heated to a temperature of about 
500° F. and ?llet welds are built up to the desired size. 
It is generally advisable to alternate between pieces to 
prevent excessive build up of heat. After the welds have 
been completed, the stabilizers should be slowly cooled 
to room temperature. It will be understood that the 
above procedures may be varied somewhat depending 
upon the particular materials from which the stabilizer 
body and ribs are made but that a procedure similar to 
that outlined will generally be followed. 

In lieu of bonding the hard surfacing material to the 
body of the rib segment as described above, a pad con 
taining the tungsten carbide cubes or similar bodies, the 
carbide powder granules, and the binder metal may be 
produced by in?ltration and thereafter bonded to the outer 
surface of the rib body by a welding or brazing technique. 
This latter method is advantageous under certain condi 
tions but has disadvantages in that a less satisfactory bond 
is generally secured. It is therefore preferred to form the 
hardfacing material in contact with the rib as described 
previously. ' 

If spheroidal tungsten carbide powder is utilized in place 
of angular powder in fabricating the ribs, the cubes ‘or 
similar particles of tungsten carbide or the like may be 
omitted. Tests have shown that spheroidal powder gran 
ules properly prepared are harder than corresponding 
angular granules and that the use of spheroidal granules 
between about 100 and about 400 mesh on the Tyler 
screen scale permits the formation of rib surfaces which 
are smooth and highly resistant to abrasion and impact. 
The fabrication methods employed with the spheroidal 
powder are similar to those used with the angular powder 
and cubes or other particles. 
FIGURES'S and 4 of the drawing depict an alternate 

embodiment of the invention in which the stabilizer ribs 
are formed on sleeves mounted on the body. This em 
bodiment is similar to that described earlier in that it in 
cludes an elongated tubular body 30 provided with an 
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4 
A.P.I. box at its upper end and an A.P.I. pin 31 at its 
lower end. An internal passageway permits the circula 
tion of drilling ?uid through the apparatus. Sleeves 34, 
35 and 36 are mounted on the outer surface of the body 
and are welded or brazed in place as shown. The sleeves 
extend longitudinally over only part of the body so that 
su?icient space is left near the box and pin to permit en 
gagement of the tool with the tongs normally used in 
rotary drilling operations. Each sleeve contains 3 in 
tegral ribs spaced at 120° intervals about the tool pe 
riphery. These ribs are indicated on sleeve 34 by refer 
ence numeral-s 37, 38 and 39. The rib segments on the 
sleeve are aligned to form discontinuous ribs which ex 
tend about the body through angles of about 120°. This 
use of integral sleeves and ribs as shown simpli?es fabrica 
tion of the tool and facilitates the making up of stabilizers 
of various lengths. The integral rib segments of the ap 
paratus shown in FIGURES 3 and 4 of the drawing are 
hardfaced with a material similar to that described earlier. 
Cubes or similar particles 40 of cemented tungsten carbide 
or the like may be embedded in a surrounding matrix 
composed of cast tungsten carbide powder and a binder 
alloy or, alternately, the material may consist of spheroi 
dal tungsten carbide granules bonded together with a 
binder alloy. 
The hardfacing material, ribs and supporting sleeve are 

fabricated as a unit in a graphite mold machined to the 
desired shape. Cubes or similar sintered carbide bodies 
‘may be glued to the mold surfaces corresponding to the 
outer rib faces. Tungsten carbide powder between about 
100 and about 400 Tyler mesh size, either angular or 
spheroidal, can then be packed into the rib cavities about 
the cubes. A small amount of wax ‘or other organic 
binder may be added to the powder to assist in holding it 
in place if desired. After the mold and its contents have 
been heated to the in?ltration temperature in a furnace, a 
molten iron nickel alloy containing about 10% nickel or 
a similar binder metal previously heated to the in?ltration 
temperature is permitted to ?ow into the annular space 
in the mold and in?ltrate into the interstices between the 
carbide powder granules and cubes. The mold is then 
removed from the furnace and allowed to cool. The ex 
posure of the cubes to the molten binder should be limited 
to 30 minutes or less, preferably less than about 15 
minutes, so that the original hardness of the carbide is 
not lost. The ?nished casting thus consists of a sleeve 
of the binder metal having integral ribs with carbide cubes 
surrounded by tungsten carbide granules at the outer rib 
surfaces. This casting is then slipped over the stabilizer 
body and welded in place. If desired, two sleeves can 
be Welded in place, one at either end of the tool body 
rather than three at the center of the body as shown leav 
ing space for the tongs between two adjacent sleeves. In 
some cases it may also be desirable to secure the sleeves 
on the body by means of collars held in place at either 
end so that the sleeves themselves are free to rotate with 
respect to the body. This reduces relative motion be 
tween the rib surfaces and the borehole wall and may thus 
further extend stabilizer life. These and other modi 
?cations will be readily apparent to those skilled in the 
art. 

The advantages of the stabilizers of the invention over 
conventional tools are shown by the results of compara 
tive tests carried out during an extended oil ?eld drilling 
program. Tests of conventional stabilizers hard-faced 
with tungsten carbide applied by means of a welding 
torch showed that ‘such stabilizers normally were severely 
worn after only a few thousand feet and had to be re 
built after each well. Tests with a stabilizer of the type 
shown in FIGURES 1 and 2 of the drawing were then 
carried out in the same area under comparable conditions. 
This stabilizer was used in three different wells. The 
total depth was about three times that drilled with the 
conventional stabilizers. Upon completion of the third 
well, it was found that the stabilizer ribs showed essen 
tially I19 Signs Of wear. The gage diameters were essen 
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tially unchanged. There was no evidence of fracturing 
or failure of the hard surfacing material on the rib sur 
faces. No di?‘iculties due to excessive wear of the surface 
casing were encountered. This improved performance 
signi?cantly reduces the cost of using stabilizers to con 
trol borehole deviation. 
What is claimed is: 
1. A drill string stabilizer which comprises: 
(a) a tubular body member provided with means near 

the upper and lower ends thereof for connecting said 
body member at an intermediate position in a rotary 
drill string; 

(b) a plurality of spiral ribs extending outwardly be 
yond said body member at spaced intervals about the 
periphery thereof, said ribs being made up of longi 
tudinal segments arranged in spaced end-to-end re 
lationship; and, 

(c) a hardfacing material bonded to said rib segments 
to form smooth outer surfaces, said hardfacing ma 
terial comprising refractory hardmetal carbide pow 
der granules between about 100 and about 400 mesh 
on the Tyler screen scale bonded together with a me 
tallic binder having a melting point between about 
1500° F. and about 2500° F. and in the molten state 
having the ability to wet said powder granules. 

2. A stabilizer as de?ned by claim 1 wherein said pow 
der granules are spheroidal granules of tungsten carbide. 

3. A stabilizer as de?ned by claim 1 wherein said rib 
segments are mounted on sleeves which are in turn 
mounted on said body member. 

4. A drill string stabilizer which comprises: 
(a) a tubular body member provided with means near 

the upper and lower ends thereof for connecting said 
body member at an intermediate position in a rotary 
drill string; 

(b) a plurality of elongated rib segments bonded in 
place on the outer surface of said body member to 
form spiral ribs extending part way around said body 
member at spaced intervals about the periphery 
thereof, each of said ribs being composed of at least 
two segments mounted in spaced end-to-end relation 
ship; and, 

'(c) a hardfacing material bonded to the outer faces of 
said rib segments to form smooth outer surfaces, said 
hardfacing material comprising a plurality of pre 
formed bodies of cemented hardmetal carbide having 
smooth outer faces between about 1/8 inch and about 
l/g inch in size spaced from about 1/32 to about 34 
inch apart in a regular pattern, refractory hardmetal 
carbide powder granules between about 100 and 
about 400 Tyler mesh between said preformed 
bodies, and a metallic binder having a melting point 
between about 1500° F. and about 2500° F. and the 
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6 
ability to wet said preformed bodies and powder 
granules in the molten state bonding said bodies and 
granules together. 

5. A drill string stabilizer which comprises: 
(a) a tubular body member provided with means near 

the upper and lower ends thereof for connecting said 
body member at an intermediate point in a rotary 
drill string; 

(b) a plurality of sleeves mounted on said body mem 
ber at vertically spaced intervals, said sleeves having 
external rib segments on the outer surfaces thereof 
and said rib segments on adjacent sleeves being 
aligned to form discontinuous spiral ribs; and, 

(c) a hardfacing material bonded to said rib segments 
to form smooth outer surfaces, said hardfacing ma 
terial comprising refractory hardmetal powder gran 
ules between about 100 and about 400 mesh on the 
Tyler screen scale bonded together with a metallic 
binder having a melting point between about 1500° 
F. and about 2500° F. and in the molten state having 
the ability to wet said powder granules. 

6. A drill string stabilizer which comprises: 
(a) a tubular body member provided with means near 

the upper and lower ends thereof for connecting said 
body member at an intermediate position in a rotary 
drill string; 

(b) a plurality of rib segments welded to the outer sur 
face of said body member to form discontinuous 
spiral ribs located at intervals of about 120° about 
the periphery of said body member and extending 
through angles of about 120°; and, 

(c) a hardfacing material bonded to the outer faces of 
said rib segments to form smooth outer surfaces, said 

.hardfacing material comprising spheroidal tungsten 
carbide granules between about 100 and about 400 
mesh on the Tyler screen scale bonded together with 
a copper-nickel alloy having a melting point between 
about 1500° F. and about 2500° F. and in the molten 
state having the ability to wet said powder granules. 

7. A stabilizer as de?ned by claim 6 wherein said hard 
facing material includes cubes of cobalt-cemented tung 
sten carbide between about 1A; and about 1/2 inch in size. 
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