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A drill pipe protector assembly for providing hydraulic lift 
and improved sliding lubrication to a drill string. The 
protector de?nes a tubular sleeve that is attached to a section 
of drill pipe and resides over the outer diameter of the drill 
pipe While moving Within an associated Well casing or Well 
hole. The sleeve is adapted to provide hydraulic lift and 
sliding lubrication relative to the Well casing and thus, 
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’ sleeve includes a plurality of radially oriented openings 
Related US Application Data Which direct drilling mud from the annular space betWeen 

the sleeve and drill pipe to the annular space betWeen the 
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DRILL PIPE PROTECTOR ASSEMBLY 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application claims priority from US. Provi 
sional application Ser. No. 60/114,875 ?led Jan. 6, 1999. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to non-rotating 
drill pipe protectors attached to a drill string, and more 
particularly, to drill pipe protectors that provide hydraulic 
lift and/or improved sliding lubrication When moving in a 
borehole. 

BACKGROUND OF THE INVENTION 

[0003] The drilling of holes or bores into underground 
formations and particularly, the drilling of oil and gas Wells, 
is typically accomplished using a drill bit Which is attached 
to the loWer end of an elongated drill string. The drill string 
is constructed from a number of sections of tubular drill pipe 
Which are coupled at their ends to form the “drill string.” The 
drill string extends from the drilling surface into a Well or 
“Wellbore” Which is formed by the rotating drill bit. As the 
drill bit penetrates deeper or further into an underground 
formation, additional sections of drill pipe are added to the 
drill string. 

[0004] Casing is generally installed in the Wellbore from 
the drilling surface to various depths. The casing lines the 
Wellbore to prevent the Wall of the Wellbore from caving in 
and to prevent seepage of ?uids from the surrounding 
formations from entering the Wellbore. The casing also 
provides a means for recovering the petroleum if the Well is 
found to be productive. 

[0005] A drill string is relatively ?exible, being subject to 
lateral de?ection, especially at the regions betWeen joints or 
couplings. In particular, the application of Weight onto the 
drill string or resistance from the drill bit can cause axial 
forces Which in turn can cause lateral de?ections. These 
de?ections can result in portions of the drill string contacting 
the casing or Wellbore. In addition, the drilling operation 
may be along a curved or angled path, commonly knoWn as 
“directional drilling.” Directional drilling also causes poten 
tial contact betWeen portions of the drill string and the casing 
or Well bore. 

[0006] Contact betWeen the drill string and the casing and 
Well bore creates frictional torque and drag. In fact, a 
considerable amount of torque can be produced by the 
effects of frictional forces developed betWeen the rotating 
drill pipe and the casing or the Wall of the Well bore. During 
drilling operations, additional torque is required While rotat 
ing the drill string to overcome this resistance. In addition, 
the drill string is subjected to increased shock and abrasion 
Whenever the drill string comes into contact With the Wall of 
the Well bore or, Where lined, the casing. Drilling tools and 
associated drill string devices encounter similar problems. 

[0007] To alleviate these problems, drill pipe protectors 
are typically spaced apart along the length of the drill pipe. 
These drill pipe protectors Were originally made from 
sleeves of rubber or other elastomeric material Which Were 
placed over the drill pipe to keep the drill pipe and its 
connections aWay from the Walls of the casing and/or 
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formation. Rubber or other elastomeric materials Were used 
because of their ability to absorb shock and impart minimal 
Wear. 

[0008] Previously available drill pipe protectors have an 
outside diameter (O.D.) greater than that of the drill pipe 
joints, and Were installed or clamped rigidly onto the drill 
pipe at a point near the joint connections of each length of 
drill pipe. The O.D. is speci?cally siZed to be larger than the 
tool joint, but not too large as to restrict returning ?uids 
Which could result in “pistoning” of the protector in the hole. 
Such an installation alloWs the protector only to rub against 
the inside Wall of the casing as the drill pipe rotates. 
Although Wear protection for the casing is the paramount 
objective When using such drill pipe protectors, they can 
produce a signi?cant increase in the rotary torque developed 
during drilling operations. In instances Where there may be 
hundreds of these protectors in the Wellbore at any one time, 
they can generate suf?cient accumulative torque or drag to 
adversely affect drilling operations if the poWer required to 
rotate the drill pipe approaches or exceeds the supply poWer 
available. 

[0009] In response to the problems of Wear protection and 
torque build up, improvements have been directed toWard 
producing drill pipe/casing protectors from various loW 
friction materials in different con?gurations. HoWever, such 
an approach again has only been marginally effective, and 
oil companies still are in need of an effective means to 
greatly reduce the Wear and frictionally-developed torque 
normally experienced particularly When drilling deeper 
Wells and deviated Wells. 

[0010] US. Pat. No. 5,069,297 to Krueger, et al., assigned 
to the assignee of the present application, and incorporated 
herein by reference, discloses a drill pipe/casing protector 
assembly Which has successfully addressed the problems of 
providing Wear protection for the casing and reduced torque 
build up caused by the drill pipe protectors during drilling 
operations. The protector sleeve in the ’297 patent rotates 
With the drill pipe during normal operations in Which there 
is an absence of contact betWeen the protector sleeve and the 
casing, but the protector sleeve stops rotating, or rotates very 
sloWly, While alloWing the drill pipe to continue rotating 
Within the sleeve unabated upon frictional contact betWeen 
the sleeve and the casing. Thrust bearings are rigidly af?xed 
to the drill pipe at opposite ends of the protector sleeve, and 
these, in combination With the internal con?guration of the 
protector sleeve, produce a ?uid bearing effect in the space 
betWeen the inside of the sleeve and the outside of the drill 
pipe. The ?uid bearing effect is produced by circulating 
drilling ?uid through the space betWeen the sleeve and the 
drill pipe so that it reduces frictional drag betWeen the 
rotating drill pipe and the sleeve When the sleeve stops 
rotating from contact With the casing. 

[0011] US. Pat. No. 5,803,193, to Krueger, et al., assigned 
to the assignee of the present application, and incorporated 
herein in its entirety by reference, discloses a drill pipe/ 
casing protector assembly Which provides an enhanced ?uid 
bearing effect that reduces frictional drag betWeen the rotat 
ing drill string and the protector sleeve during use. 

[0012] Although modern drill string protector designs 
have improved the lubrication and protection of both the 
drill string and the casing, there is still a need for improved 
sliding lubrication. In addition, there is a need for hydraulic 
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lift to overcome the heavy normal forces and torques 
encountered by the operating drill string. This problem is 
especially signi?cant in extended reach drilling. In long 
holes and as depth increases, the friction of the drill string 
against the hole Wall increases resulting in dif?culty in 
putting Weight on the drill bit or a tendency for the Weight 
to surge forWard then reduce in a “stickion” type process. 
Thus, a drill pipe protector that both reduces the torque from 
the drill string and increases the sliding ability of the drill 
string against the casing is highly desirable. 

SUMMARY OF THE INVENTION 

[0013] The present invention overcomes the aforemen 
tioned problems by providing in one embodiment a drill pipe 
protector assembly that provides hydraulic lift and improved 
sliding lubrication to a drill string. The creation of hydraulic 
lift and forced lubrication reduces Wear on the protector and 
on the casing or Well Wall as Well as reducing sliding friction 
of the drill pipe/protector combination relative to the casing 
or Well Wall. 

[0014] By providing a drill pipe protector assembly having 
a ?uid pathWay Which directs a portion of the drilling mud 
moving through the annular space betWeen the drill pipe 
protector and the drill pipe to the annular space betWeen the 
protector and the casing or outer Well Wall, hydraulic lift is 
created and sliding lubrication is achieved. By providing 
shaped channels along the longitudinal length of the outer 
surface of the protector, increased hydraulic lift is devel 
oped. 

[0015] In one embodiment, the present invention is gen 
erally directed to a drill pipe protector Which de?nes a 
tubular sleeve that ?ts over the drill pipe. The sleeve is 
attached to a section of drill pipe and resides over the drill 
pipe. The sleeve is positioned betWeen the outer diameter of 
the drill pipe and an associated Well casing or Well hole. The 
sleeve is adapted to provide hydraulic lift and lubrication 
relative to the Well casing and thus, increase the proclivity 
of the drill pipe to slide doWn the hole While also reducing 
the development of cutting dams. 

[0016] More speci?cally, the drill pipe protector assembly 
comprises a tubular body having an inner surface and an 
outer surface and extends along a longitudinal axis betWeen 
a ?rst end and a second end. The tubular body is adapted to 
be disposable about the outside of a drill string and Within 
the Wellbore or casing. A channel is formed on the outer 
surface of the body and extends substantially along the 
longitudinal axis from the ?rst end to the second end. The 
channel directs the How of drilling ?uid betWeen the outer 
surface and the inside surface of the casing. An opening 
extends radially from the inner surface to the outer surface 
of the tubular body. The opening alloWs the passage of the 
drilling ?uid from the inner surface to the outer surface. 

[0017] In this embodiment the protector is a generally 
cylindrical shaped tubular body having a plurality of spaced 
apart channels along its outer surface. The outer surface 
includes a plurality of radially outWardly protruding ridges 
Which extend substantially along the longitudinal axis. The 
ridges are spaced apart suf?cient so as to form the described 
channels therebetWeen. At least one, and preferably, all of 
the channels include an opening Which alloWs the drilling 
?uid to pass from the inner surface to Within the channel. 
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[0018] The sleeve includes a plurality of spaced apart 
radial openings or diffusor ports Which directs a portion of 
the drilling mud moving longitudinally through the annular 
space betWeen the inside of the sleeve and drill pipe to the 
annular space betWeen the outside of the sleeve and the 
casing or outer Well Wall. The outside surface of the sleeve 
also includes a plurality of shaped channels Which are in 
communication With these radial openings. The channels 
direct the ?oWing mud to lubricate the outer surface of the 
sleeve and create hydraulic lift relative to the casing Wall. 

[0019] In a second embodiment of the present invention, 
the drill pipe protector assembly is a tubular sleeve having 
a plurality of longitudinally extending and radially protrud 
ing ridges formed on its outer surface. The ridges or ribs are 
spaced apart to de?ne channels therebetWeen and at least 
some of the channels are con?gured to de?ne a longitudi 
nally extending channel having a double Wedge shape. The 
double Wedge shaped channels form passageWays for the 
longitudinal How of the drilling mud along the outer surface 
of the sleeve. Each channel or passageWay includes a 
radially oriented internal passageWay that interconnects the 
drilling ?uid passing through the annular space betWeen the 
sleeve and the drill pipe and the annular space betWeen the 
outside of the sleeve and the casing. Each double Wedge 
shaped channel de?nes an increasingly narroWer and shal 
loWer passageWay Which transitions to a increasingly Wider 
and deeper passageWay along its longitudinal length. The 
double Wedge shape accelerates and then decelerates the 
How to create a hydraulic lift relative to the casing Wall and 
also enhance the How of the drilling mud therebetWeen. 

[0020] In another aspect of the present invention, the 
protector assembly includes a tubular sleeve for use With 
drill tool assemblies, such as a logging line stand off 
protector. The sleeve includes channels formed on the outer 
surface for directing the How of mud in the annular space 
betWeen the channels and the casing. In addition, the sleeve 
includes a plurality of spaced apart radially oriented internal 
passageWays that interconnects the drilling mud passing 
through the annular space betWeen the sleeve and the drill 
pipe and the annular space betWeen the outside of the sleeve 
and the casing. 

[0021] In another embodiment of the present invention, 
the protector incorporates loW-friction material pads on the 
external surfaces. The pads are made of Te?on composites. 

[0022] These and other features and advantages of the 
invention Will be apparent and more fully understood by 
those of skill in the art by referring to the folloWing detailed 
description of the preferred embodiments Which is made in 
reference to the accompanying draWings, a brief description 
of Which is provided beloW. 

DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a schematic side elevational vieW, partly 
in cross-section, shoWing a string of drill pipe having drill 
pipe/casing protector assemblies according to this invention 
installed betWeen tool joints of the drill pipe in a deviated 
Well being drilled in an underground formation; 

[0024] FIG. 2 is a detail vieW of FIG. 1 illustrating one 
drill pipe joint and one drill pipe protector; 

[0025] FIG. 3A is a front cross-sectional vieW of a ?rst 
embodiment of a hydrolift drill pipe protector assembly 
constructed according to the principles of the present inven 
tion; 
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[0026] FIG. 3B is a side cross-sectional vieW of the drill 
pipe protector assembly of FIG. 3A, showing diffuser exit 
ports; 

[0027] FIG. 4 is a cross-sectional vieW of an alternative 
embodiment hydrolift drill pipe protector; 

[0028] FIG. 5A is a side vieW of the protector of FIG. 4; 

[0029] FIG. 5B is a cross-sectional vieW of the diffuser of 
FIG. 5A: 

[0030] FIG. 6 is a detail vieW shoWing different cross 
sectional con?gurations of the diffuser ports; 

[0031] FIG. 7 is a perspective vieW of a Wedgelift type 
drill pipe protector constructed according to the principles of 
the present invention; 

[0032] FIG. 8 is a partial perspective vieW of a ?rst 
alternative Wedgelift type drill pipe protector shoWn 
mounted over a section of drill pipe; 

[0033] FIG. 9 is a partial perspective vieW of a second 
alternative embodiment of a Wedgelift type drill pipe pro 
tector shoWn mounted over a section of drill pipe and 
positioned in a section of casing; 

[0034] FIG. 10 is a perspective vieW of a drill pipe tool 
joint constructed according to the principles of the present 
invention and shoWing the Wedgelift con?guration on the 
external surface; 

[0035] FIG. 11 is a partial perspective vieW of a drill pipe 
protector constructed according to the principles of the 
present invention and shoWing a hydrolift type opening and 
a Wedgelift con?guration on the external surface; 

[0036] FIG. 12 is a side cross sectional vieW of the drill 
pipe protector assembly of FIG. 10 shoWing the hydrolift 
ports and the Wedgelift channels on the external surface; 

[0037] FIG. 13 is a cross-sectional vieW of a four-sided 
loW friction non-rotating drill pipe protector of the present 
invention; 
[0038] FIG. 14 is a cross-sectional vieW of a tWo-sided 
loW friction non-rotating drill pipe protector of the present 
invention; 
[0039] FIG. 15 is a partial cross section of a Wedgelift 
type drill pipe protector incorporation loW friction pads; and 

[0040] FIG. 16 is a partial cross section of a Wedgelift 
type drill pipe protector incorporating loW friction studs. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] FIG. 1 illustrates a Well drilling system for drilling 
a Well in an underground formation 10. A rotary drill string 
comprises a plurality of elongated tubular drill pipe sections 
12 Which drill a Well bore 14 With a drilling tool 15 installed 
at the bottom of the drill string. An elongated cylindrical 
tubular casing 16 can be cemented in the Well bore to isolate 
and/or support formations around the bore. The invention is 
depicted in a deviated Well Which is drilled initially along a 
someWhat straight path and then curves near the bottom and 
to the side in a dog leg fashion. It is the drilling of Wells of 
this type that can substantially increase the torque applied to 
the drill string during use, and Where the present invention, 
by reducing the amount of torque build up, makes it possible 
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to drill such deviated Wells to greater depths and to drill 
them more ef?ciently While preventing damage to the casing 
and drill pipe. 

[0042] The invention is further described herein With 
respect to its use inside a casing in a Well bore, but the 
invention also can be used to protect the drill pipe from 
damage caused by contact With the Wall of a bore that does 
not have a casing. Therefore, in the description and claims 
to folloW, Where references are made to contact With the Wall 
or inside diameter (I.D.) of a casing, the description also 
applies to contact With the Wall of the Well bore, and Where 
references are made to contact With a bore, the bore can be 
the Wall of a Well bore or the ID. of a casing. 

[0043] As illustrated, separate longitudinally spaced apart 
drill pipe protector assemblies 18 are mounted along the 
length of a drill string to protect the casing from damage that 
can occur When rotating the drill pipe inside the casing. The 
sections of the drill pipe are connected together in the drill 
string by separate drill pipe tool joints 20 Which are con 
ventional in the art. The drill pipe can produce both torque 
and drill pipe casing Wear and resistance to sliding of the 
drill string in the hole. The separate drill pipe protectors 18 
are mounted to the drill string 12 adjacent to each of the tool 
joints to reduce drill string torque, reduce sliding friction 
forces, reduce shock and vibration to the drill string and 
abrasion to the inside Wall of the casing. 

[0044] When the drill pipe is rotated inside the casing, its 
tool joints Would normally be the ?rst to rub against the 
inside of the casing, and this rubbing action Will tend to Wear 
aWay either the casing, or the outside diameter of the drill 
pipe, or its tool joints, Which can greatly reduce the protec 
tion afforded the Well or the strength of the drill pipe or its 
tool joints. To prevent this damage from occurring, the 
outside diameter of the drill pipe protector sleeve, Which is 
normally made from rubber or a loW friction polymeric 
material, is greater than that of the drill pipe and its tool 
joints. Such an installation alloWs the protector sleeve only 
to rub against the casing. Although they are useful in Wear 
protection, these protectors can generate substantial cumu 
lative torque along the length of the drill pipe, particularly 
When the hole is deviated from vertical as shoWn in FIG. 1. 
This adversely affects drilling operations, primarily by pro 
ducing friction Which reduces the rotation and torque valve 
generated at the surface and Which is then translated to the 
drill bit. The present invention provides a solution to this 
problem. 
[0045] FIG. 2 further schematically illustrates a drill pipe 
protector assembly of the present invention. Drill pipe 
protector 18 is sandWiched loosely betWeen upper and loWer 
thrust bearings 22 and 24 Which are rigidly af?xed to the 
OD. of the drill pipe section 12. A small gap exists betWeen 
the drill pipe protector and the thrust bearings. The drill pipe 
protector is mounted to the drill pipe using techniques Which 
hold the protector on the drill pipe and Which alloW the 
sleeve to normally rotate With the drill pipe during drilling 
operations; but When the drill pipe protector sleeve comes 
into contact With the casing 16, the sleeve stops rotating, or 
at least sloWs doWn substantially, While alloWing the drill 
pipe to continue rotating inside the drill pipe protector. This 
change in point of rotation from the outside diameter, i.e., 
O.D. of the protector to the OD. of the drill pipe, in effect, 
reduces the distance at Which the friction associated With 
drill pipe rotation is applied to the drill pipe. 



US 2002/0038727 A1 

Hydrolift Type Drill Pipe Protector 

[0046] Referring noW to FIGS. 3A and 3B, a hydrolift 
type non-rotating drill pipe protector 30 is shoWn. 

[0047] The hydrolift non-rotating drill pipe protector 30 
comprises an elongated tubular sleeve made from a suitable 
protective material, such as, a loW coef?cient of friction, 
polymeric material, metal or rubber material. A presently 
preferred material is a high density polyurethane or rubber 
material. The sleeve has an inside diameter (ID) 32 in a 
generally circular con?guration. The ID. further includes a 
plurality of elongated longitudinally extending, straight, 
parallel axial grooves 34 spaced apart circumferentially 
around the ID. of the sleeve. The grooves are open ended in 
the sense that they open through an annular ?rst end 34 and 
annular opposite second end 36 of the sleeve. 

[0048] The inside Wall of the sleeve is divided into inter 
vening Wall sections betWeen adjacent pairs of the grooves 
34. Each Wall section has an inside bearing surface. For 
polyurethane or rubber sleeves, a metal reinforcement cage 
38 is embedded Within the sleeve betWeen the ID. Wall 32 
and the outer diameter (O.D.) Wall 40. The metal reinforcing 
cage 38 has a retainer hinge 42 for attaching the protector 30 
to the drill pipe 12. In the embodiment shoWn in FIGS. 3A 
and 3B the Wall thickness of the protector 30 varies betWeen 
the ID. and the OD. so that the protector is egg shaped in 
cross section. Located at the base of the egg shaped protector 
is a diffuser 44. The diffuser 44 has a plurality of exit ports 
46a-46f Which, With the exception of port 46f, extend from 
the ID. 32 to the 0D. 40. The diffuser 44 can be rigidly 
connected to cage 38 by fasteners 48 or alternatively can be 
integrally molded into the sleeve. 

[0049] The Wall thickness of the protector 30 is such that 
the drill pipe protector has an OD. greater than the OD. of 
the adjacent drill pipe tool joints 20. The annular ?rst 34 and 
second 36 edges of the protector sleeve have a con?guration 
that functions to draW ?uid betWeen the sleeve and the 
collar, thereby assisting in the formation of a ?uid bearing 
betWeen the ID. of the protector and the OD. of the drill 
pipe 12. The ?rst edge 34 includes a generally ?at annular 
inside edge section 50 extending horiZontally and generally 
at a right angle to the vertical inside Wall of the sleeve. The 
edge section 50 has a beveled edge section 52 leading to the 
vertical inside Wall to prevent or reduce the Wear to the drill 
pipe brought about by the action of axial forces. The angular 
section 52 Works to reduce Wear experienced on the ends of 
the protector sleeve and the drill pipe When acted upon by 
heavy axial loading. 

[0050] The drill pipe protector sleeve 30 is split longitu 
dinally to provide a means for spreading apart opposite sides 
of the sleeve When mounting the sleeve to the OD. of the 
drill pipe. FIG. 3A illustrates a pair of diametrically 
opposed vertically extending edges 54 that de?ne the ends of 
a longitudinal split that splits the sleeve into halves. The 
sleeve is split longitudinally and is fastened by a latch pin 56 
Which extends through retainer hinge 42. Alternatively, the 
sleeve halves may be hinged along one side and releasably 
fastened on an opposite side by a latch pin, or they may be 
secured along both opposite sides by bolts. The metal cage 
38 forms an annular reinforcing ring embedded in the 
molded body of the sleeve. (A protector sleeve made of 
metal includes no reinforcing cage). The purpose of the cage 
is to reinforce the strength of the sleeve. The cage can absorb 
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the compressive, tensile and shear forces experienced by the 
sleeve When operating in the casing or Wellbore. The rein 
forcing cage can be made from expanded metal, metal sheet 
stock, or metal strips or composite (?ber). One presently 
preferred technique is to form the reinforcing member from 
a steel sheet stock With holes uniformly distributed through 
out the sheet. 

[0051] The confronting top and bottom thrust bearings 22 
and 24 as described in FIG. 2 have adjacent annular end 
surfaces confronting the top and bottom annular end sur 
faces of the sleeve at essentially the same angular orienta 
tions. The upper and loWer thrust bearings 22 and 24 are 
rigidly affixed to the OD. of the drill pipe above and beloW 
the drill pipe protector sleeve. The thrust bearings (also 
referred to as collars) are metal collars made of a material 
such as aluminum, or a hard plastic material, such as, 
composites of Te?onTM1/3-3/s graphite ?bers to encircle the 
drill pipe and project outWardly from the drill pipe. The 
collars project a suf?cient axial distance along the drill pipe 
to provide a means for retaining the sleeve in an axially 
af?xed position on the drill pipe, restrained betWeen the tWo 
thrust bearings. The thrust bearings are rigidly af?xed to the 
drill pipe and rotate With the drill pipe during use. The means 
for securing the thrust bearings to opposite ends of the sleeve 
can be similar to fastening means shoWn in Us. Pat. No. 
5,069,297. The upper and loWer thrust bearings are affixed 
to the drill pipe to provide a very narroW upper Working 
clearance betWeen the bottom of the upper thrust bearing 
and the annular top edge of the sleeve and a separate loWer 
Working clearance betWeen the top of the loWer thrust 
bearing and the bottom annular edge of the sleeve. The loWer 
clearance can be narroW, such as one quarter of an inch or 
a clearance as much as one inch. The bearings are preferably 
split and bolted or hinged and bolted With spaced apart cap 
screWs on outer ?anges of the collar. 

[0052] During use, When the rotary drill pipe is rotated 
Within the casing or Well, the outer surface of the drill pipe 
protector sleeve comes into contact With the interior surface 
of the casing or Wellbore. The sleeve, Which is normally 
?xed in place on the drill pipe, rotates With the drill pipe 
during normal drilling operations. HoWever, under contact 
With the inside Wall of the casing, the sleeve stops rotating, 
or its rotational speed is greatly reduced, While alloWing the 
drill pipe to continue rotating inside the sleeve. The con 
?guration of the ID. of the sleeve is such that the drill pipe 
can continue rotating While the sleeve is nearly stopped or 
rotating slightly and yet its stoppage exerts minimal fric 
tional drag on the OD. of the rotating drill pipe. The inside 
bearing surface of the sleeve, in combination With the axial 
grooves, induces the circulating drilling mud Within the 
annulus betWeen the casing and the drill pipe to How under 
pressure at one end of the sleeve through the parallel grooves 
to the opposite end of the sleeve. This produces a circulating 
How of drilling mud under pressure at the interface of the 
sleeve and the drill pipe and this ?uid becomes forced into 
the bearing surfaces betWeen the grooves. This deforms or 
spreads apart the bearing surface regions to produce a 
pressuriZed thin ?lm of lubricating ?uid betWeen the sleeve 
ID. and the drill pipe O.D. Which reduces frictional drag 
betWeen these tWo surfaces. This action of the lubrication 
being forced into the region betWeen the sleeve and the drill 
pipe acts as a ?uid bearing to force the tWo surfaces apart, 
and such action thereby reduces the friction that Would 
normally be experienced both on the OD. of the drill pipe 
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and the ID. of the sleeve due to the fact that a thin ?lm of 
?uid is separating the tWo surfaces. Since the ?uid separates 
these tWo surfaces the torque developed as a result of the 
rotation is greatly reduced. 

[0053] In addition the thrust bearings at opposite ends of 
the sleeves, Which retain the sleeves position on the drill 
part, also assist in producing a further ?uid bearing effect at 
the ends of the sleeve. 

[0054] As previously stated pressure is generated by the 
hydraulic bearing formed in the space 58 betWeen the OD. 
of the drill pipe and the ID. of the protector. The pressure 
is directed to the diffuser eXit ports 46a-46f that delivers 
?uid to the region betWeen the protector 30 and the internal 
surface of the casing 16. The pressuriZed ?uid tends to eXit 
the diffuser tending to lift the protector and simultaneously 
lubricate the interface of the sleeve to the casing. The ?uid 
movement through the eXit ports also tends to clean cuttings 
from the bottom of the hole thus helping to prevent “stuck 
pipe” conditions. The pressure at Which the hydraulic bear 
ing ?uid eXits the diffuser eXit ports can be varied by the 
speed at Which the drill pipe is rotated. For eXample rotating 
the pipe more rapidly increases the pressure thus improving 
sliding and lifting of the drill pipe. The number of eXit ports 
also can be varied to adjust the desired lift. The geometrical 
con?guration of the eXit ports 46a-46f can include circular, 
rectangular or other specialiZed shapes. Although the eXit 
ports direct ?uid in betWeen the outer surface of the diffuser 
and the inner surface of the casing, the eXit ports can be 
placed on the ends of the sleeve to direct ?uid toWards the 
collar to improve life of the collar through reduced loads and 
improve lubrication. For example, eXit port 46f directs ?uid 
toWards the collar. 

[0055] The protector 30 incorporates an egg shaped con 
?guration so that during lateral drilling the diffuser eXit ports 
are alWays positioned at the bottom of the hole to lift the drill 
pipe off of the casing. 

[0056] An alternative embodiment hydrolift non-rotating 
drill pipe protector 60 is shoWn in FIGS. 4 and 5. In this 
embodiment, protector 60 is eccentric relative to the drill 
pipe 12 resulting in less Wall thickness near Wear pads 62 
and a greater Wall thickness at the region near the retainer 
hinge 63. This con?guration results in a self-positioning of 
the diffuser 64 at the loWest portion of the casing 16. Having 
a thinner area opposite the hinge 63 also facilitates in 
opening of the sleeve for installation onto the pipe. The 
region near the hydrolift eXit ports 66a-66 j thus substantially 
becomes the portion of the protector that interfaces With the 
casing. In this embodiment the thinner diffuser portion can 
be made from loW friction material to improve sliding or 
alternatively the entire protector can be made from a loW 
friction material. 

[0057] The protector 60 has tWo types of reinforcements, 
a metal reinforcement cage 68 and reinforcement tubes 70. 
The reinforcement tubes can run the entire length of the 
protector or only portions of its length. The reinforcement 
tubes may be open to the drilling mud to aid in returning the 
mud to the annulus betWeen the protector and the casing. 
Alternatively, a portion of the drilling mud in the reinforce 
ment tubes can be redirected through feeder tubes 72 to the 
bearing surface betWeen the ID. of the protector and the 
OD. of the drill pipe, thus replenishing regions of the sleeve 
that deplete ?uid through the hydrolift eXit ports. The tubes 
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can be a simple void, or lined With tubing of various types 
such as aluminum or composite tubing. When the reinforce 
ment tubes are properly spaced i.e. 20-80% of cross-sec 
tional area, the resulting composite sleeve has enhanced 
bearing resistance. Protector 60 has an ID. con?guration 
similar to protector 30 Which creates a hydraulic bearing is 
created by drilling mud moving betWeen the sleeve and the 
?uid bearing surface as discussed With respect to protector 
30. A hydraulic bearing is created by drilling mud moving 
betWeen the ID. of the sleeve and the OD. of the drill pipe 
by drilling mud ?oWing through the aXial grooves 74 on the 
ID. of the protector or feeder lines 72 from reinforcement 
tubes 70. 

[0058] The placement of the diffuser 64 and eXit ports 
66a-66 j is to alloW the continuous operation of the hydraulic 
bearing as Well as the operation of the diffuser. It is this 
combination Which provides the bene?ts of reduced drilling 
torque and reduced sliding resistance. The hydrolift bearings 
can also be placed on the ends of the sleeve, pressuriZed by 
the thrust bearings, thus providing additional lubrication as 
Well as some lift-off from the collar thus increasing the Wear 
life of the ends of the sleeve. Numerous con?gurations of 
hydrolift diffuser and eXit port con?gurations are possible as 
shoWn in FIG. 6., but is not limited to these con?gurations, 
as someone skilled in the art Would knoW. Con?gurations 74 
and 76 are based upon a thrust bearing principle Whereas 
con?gurations 78-84 are designed to primarily offer 
improved lubrication. 

TABLE 1 

HydroLift Design Computations 

Input 

Safety factor 1.1 
Fluid Thickness layer for lift 0.01 in 
Fluid Viscosity 20 cp 
Fluid Density 9.5 lb/gal 
Radius of Port 0.1 in 
Radius of Lift 1 in 
Lift Required 350 lbs 
Diameter of Pipe 5 in 
Length of Section 10 in 
Eccentricity 0.0625 in 
Diametrical Clearance 0.012 in 
RPM 120 rpm 
Coe?icient of side leakage (n) 0.77 
Bearing Operation Characteristic (A) 12 
Angle between load and entering edge 50 deg 
of mud 
Differential Pressure from Pump 2000 psid 
Required Pump Capacity 450 gpm 
Acceptable Pump Capacity Loss 15% 
Calculated Inputs 

Number of Hydrolift required 5 
Fluid Density 0.041 lb/inA3 
Eccentricity Ratio (e) 10.417 Ratio of eccentricity 

to radial clearance 
Diametrical Clearance Ratio (m) 0.002 Ratio of diametrical 

clearance/diameter 

[0059] Using the hydrolift design computation table 
recited above, the bene?ts of the hydrolift design are seen. 
For 9.5 lb/gal drilling mud operating the hydrolift protector 
on a 5 in. drill pipe and rotating at 120 rpm, the hydrolift 
protector provides approximately 350 lbs of lift, thus reduc 
ing the normal Weight of the pipe at the sleeve and improv 
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ing sliding. The bene?ts of improved lubrication improve 
sliding characteristics substantially. 

[0060] The use of the reinforcement tubes effectively 
reduces the amount of material needed to construct the 
sleeve. Speci?cally, the protector shoWn in FIGS. 4 and 5 
use approximately 35% less material than existing sleeve 
designs. FIG. 5 illustrates that the sleeve is approximately 
tWice as long as prior existing sleeves, hoWever, because of 
the reduced material used in the hydrolift protector, the 
sleeve is only 25% heavier but is 100% longer than con 
ventional designs. The hydrolift protector can be made from 
various materials for different applications. For cased holes, 
the hydrolift protector could be a polymer material, using 
special loW friction polymers for open-hole designs, or the 
sleeve could be coated With a loW friction metal such 
amorphous titanium. 

[0061] Con?gurations for the diffuser design balance the 
features of hydraulic lift of the pipe from the casing and the 
lubrication of the pipe to the casing. Because lift is provided 
by pressure, increasing the lift requires increasing the pres 
suriZed area. Typical hydraulic bearings produce pressure of 
10-50 psi per inch of length for the range of typical pipe 
diameters. Thus, if the hydrolift diffuser has a normal area 
to the pipe of 0.1 sq. in. and the pressure is 40 psi, the lifting 
force is 4 pounds. If the area of the diffuser is increased to 
1 in and the pressure remain constant, the lifting force is 40 
lbs. per diffuser. Since a joint of 5-in. drill pipe typically 
Weights approximately 660 lbs., then a hydrolift protector 
With 15 diffusers could effectively reduce the drill string 
drag observed at the rig ?oor. 

[0062] This is of substantial importance to drilling opera 
tions. Because the normal force resulting from the pipe 
Weight that produces the Wear on the pipe on the casing, the 
effective Weight reduction facilitates sliding in and out of the 
hole. The hydrolift protector provides the lift at exactly the 
point Where it is required thus maximiZing the bene?ts 
received. 

[0063] The second factor of consideration for the hydrolift 
diffuser is lubrication. The result of improved lubrication 
and lift is to alloW the hydrolift protector to act as a hydraulic 
bearing With resulting improved sliding friction. Typically 
protectors have a sliding friction that is dependent upon the 
coef?cient of friction betWeen the protector and the casing or 
formation. For steel casing and rubber traditional protectors, 
the coef?cient of friction is betWeen 0.25-0.35. The hydrolift 
protector of the present invention provides a lubrication ?lm 
and hydraulic lift Which results in a coef?cient of friction of 
0.05-0.1. The result is that ease of sliding into the hole is 
achieved. As drill string rpm increases, the lubrication 
bene?t and the lifting bene?t become more pronounced. 

[0064] An associated bene?t in the hydrolift protector 
design is hole cleaning. Typically in ERD Wells as the build 
angle exceeds 55-60° cuttings have a tendency to settle out 
and fall to the loW side of the casing. The result is cuttings 
dams and many associated problems. The hydrolift protector 
design alloWs the pressuriZed ?uid to Wash aWay the dams 
from the bottom of the casing and back into the ?uid stream. 
Thus three bene?ts of the hydrolift protector are provided 
being lift, lubrication, and hole cleaning. 
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Wedgelift Type Drill Pipe Protector 

[0065] Referring noW to FIGS. 7-12 a Wedgelift type 
non-rotating drill pipe protector is shoWn in various vieWs 
and embodiments. 

[0066] FIG. 7 illustrates a Wedgelift drill pipe-protector 
90 Which preferably comprises an elongated tubular sleeve 
made from a suitable protective material, such as, a loW 
coef?cient of friction, polymeric material, metal or rubber 
material. A presently preferred material is a high density 
polyurethane or rubber material. The sleeve has an inside 
diameter having a plurality of elongated, longitudinally 
extending, straight, parallel axial grooves 92 spaced apart 
circumferentially around the ID. of the sleeve. The grooves 
are preferably spaced uniformly around the ID. of the 
sleeve, extend vertically, and are open-ended in the sense 
that they open to an annular ?rst end 94 and an opposite 
annular second end 96 of the sleeve. 

[0067] The inside Wall of the sleeve is divided into inter 
vening Wall sections of substantially uniform Width extend 
ing parallel to one another betWeen adjacent pairs of grooves 
92. Each Wall section has an inside bearing surface Which 
can be a curved or a ?at surface. 

[0068] The Wall thickness of the sleeve is such that the 
drill pipe protector 90 has an OD. greater than the OD. of 
the adjacent drill pipe tool joints. The O.D. of the sleeve 
includes a plurality of circumferentially spaced apart longi 
tudinally extending, parallel outer ?utes 98 extending from 
end to end of the sleeve. The ?utes are substantially Wider 
than the grooves 92 inside the sleeve. Positioned betWeen 
adjacent ?utes 98 are Wedge shaped channels 100. Interven 
ing outer Wall sections 102 formed by the OD. Wall of the 
sleeve betWeen the ?utes and the Wedge shaped channels 
form Wide parallel outer ribs With curved outer surfaces 
along the outside of the sleeve. 

[0069] The Wedge shaped channels provide hydraulic lift 
and improved sliding lubrication reducing the effective 
coef?cient of friction betWeen the drill pipe and the casing 
and increase the proclivity to slide doWn the hole. The 
Wedge shaped channel located on the outer periphery of the 
sleeve generates a hydraulic bearing betWeen the sleeve and 
the-casing. Drilling mud is directed to the Wedge shaped 
channels by the ribs of the outer Wall sections 102 into the 
increasingly narroWer and shalloWer Wedge shaped channel. 
The outer ridges provide the dual function of directing the 
?uid How and providing appropriate support for the drill 
string When at rest. The Width, height and depth of the 
channel and outer ribs can be varied based upon the amount 
of deformation of the tool under resting loads. The design of 
the Wedge shaped channel and outer ribs can be adjusted to 
the required siZe of pressuriZed region and expected loads by 
varying the Width, depth, length and taper of the channel. 
The ?uid tends to move into the narroWing channel resulting 
in a region With elevated pressure, thus lifting and lubricat 
ing the region betWeen the protector sleeve and the casing 
Wall. Multiple Wedge shaped channel con?gurations can be 
placed on the same tool in various con?gurations such as 
more than one along the same line, along multiple parallel 
lines or along single or multiple spiral lines. 

[0070] The Wedge shaped channels 100 can be placed in a 
back-to-back con?guration as shoWn in FIG. 7 thus alloW 
the ?uid movement through the channels facing the direction 
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of movement and allowing drill cuttings to exit from the 
back side of the sleeve. In addition placing the Wedge shaped 
channels in a back-to-back con?guration alloWs reversibility 
of the tool. 

[0071] The momentum of sliding into the hole actually 
helps to continue the sliding. This is of substantial impor 
tance to drilling operations considering the normal force 
resulting from frictional drag resistance of the pipe becomes 
increasingly greater at greater depths thus making tripping 
into and out of the hole increasingly dif?cult. Improved 
lubrication and lift alloWs the Wedgelift protector to act as a 
hydraulic bearing With resulting improved sliding friction. 
For steel casing and traditional rubber protectors, the coef 
?cient of friction is betWeen 0.25-0.35. The Wedgelift pro 
tector provides a lubrication ?lm and hydraulic lift thereby 
reducing the coef?cient of friction to betWeen ODS-0.1. 
Another bene?t of the Wedgelift protector is hole cleaning as 
previously discussed With respect to the hydrolift protector. 

[0072] Referring again to FIG. 7 the Wedgelift protector 
90 is split longitudinally to provide a means for spreading 
apart opposite sides of the sleeve When mounting the sleeve 
to the OD. of the drill pipe. The sleeve is split longitudinally 
along one edge 104 Which is fastened by a latch pin 106 as 
is typical in the art. In this version, the sleeve is simply 
spread apart along the edge 104 When installed. Alterna 
tively, the sleeve halves may be hinged along one side and 
releasably fastened on an opposite side by a latch pin or they 
may be secured along both opposite sides by bolts. A metal 
cage (not shoWn) forms an annular reinforcing ring embed 
ded in the molded body of the sleeve as discussed above. 

[0073] Top and bottom thrust bearings 22 and 24 as 
described in FIG. 2 maintain the protector 90 along the 
length of the drill pipe. 

[0074] An alternative Wedgelift protector 110 is shoWn in 
FIG. 8. In this embodiment the OD. of the protector is 
“egg” shaped Wherein the Wedge shaped channels 112 are 
positioned on the bottom surface of the protector. The Wedge 
shaped channels are separated by outer ribs 114. Flutes 116 
are positioned on the top surface of protector 110. The egg 
shaped protector con?guration alloWs the non-rotating pro 
tector to orient the Wedgelift channels on the bottom of the 
hole thus properly orienting the protector Within the casing. 
The protector 110 may also include How channels 118 to 
assist in the return of drilling mud to the annulus betWeen the 
protector and the casing. 

[0075] FIG. 9 illustrates a second alternative embodiment 
for the Wedgelift protector 120 having an eccentric con?gu 
ration. As With the embodiment shoWn in FIG. 9 the Wedge 
shaped channels 122 are positioned on the bottom of the 
protector and are separated by ribs 124. Flutes 126 are 
positioned on the upper surface of the protector. In this 
eccentric con?guration the Wall thickness is thinner at the 
bottom Where the Wedge shaped channels are located than at 
the top Where the ?utes are located. In this con?guration the 
design tends to force the Wedge shaped channels onto the 
bottom of the hole thus properly orienting the protector. 

[0076] FIG. 10 illustrates the Wedgelift concept as incor 
porated into the drill pipe tool joint 130. In this embodiment 
the Wedge shaped channels 132 are milled into a drill pipe 
tool joint 134. The Wedgelift con?guration could be applied 
to virtually any type of doWn hole tool that needs assistance 

Apr. 4, 2002 

in sliding such as rotating drill pipe protectors, or integral to 
drill collars, stabiliZers, drill pipe, or other doWn hole tools. 

[0077] FIGS. 11 and 12 shoW yet another embodiment of 
the present invention incorporating both the Wedgelift and 
hydrolift concepts. The protector 140 is similar to the 
protector shoWn in FIG. 7 Which includes a plurality of 
Wedge shaped channels 142 separated by ribs 144 on the 
OD. of the drill pipe protector. The protector also includes 
a hydrolift exit port 146 extending from the ID. 148 of the 
protector to the Wedge shaped channels. Protector 140 is 
particularly useful in connection With starting of sliding of 
the drill pipe doWn the hole. As static is typically greater 
than the sliding friction, it can be difficult to start the sliding 
of the drill string after stopping to make or break a drill pipe 
joint (or stand). If the rig has the capability to rotate as Well 
as loWer or raise the pipe, as is frequently the case With rigs 
With top drive systems, then rotating the drill pipe Will pump 
pressuriZed ?uid from the ID. of the sleeve to the OD. of 
the protector. This pressuriZed ?uid Would enter the Wedgel 
ift con?guration at its center, providing pressuriZed lubrica 
tion at the exact point of contact. The combination of fresh 
and pressuriZed lubrication Would assist the overcoming of 
the static friction and assist the function of the Wedgelift in 
the remainder of the movement of the drill pipe. 

Multi-sided LoW-friction Slip-surface Non-rotating 
Drill Pipe Protector 

[0078] Referring noW to FIGS. 13-19, multi-sided loW 
friction slip-surface non-rotating drill pipe protectors are 
illustrated. FIG. 13 illustrates a four-sided loW friction 
non-rotating drill pipe protector 150. As With all the multi 
sided loW-friction slip-surface non-rotating drill pipe pro 
tectors, protector 150 comprises an elongated tubular sleeve 
made from a suitable protective material, such as a loW 
coef?cient of friction, polymeric material, metal or rubber 
material. A presently preferred material is a high density 
polyurethane having a metal reinforcing cage as previously 
discussed. Other materials can be a cage-reinforced rubber 
of various types including NBR (Nitrile Butadiene Rubbe 
rhydrogenerated or nonhydrogenated), A?as (?uorethylene 
rubber), With and Without additives to improve performance, 
in addition to various other types of thermally and chemi 
cally stable plastics may be used. Protector 150 has an inside 
diameter in a generally polygonal or a curved shaped 
con?guration. The ID. Wall 152 includes a plurality of 
elongated, longitudinally extending, straight, parallel axial 
grooves 154. The grooves are preferably spaced uniformly 
around the ID. of the sleeve and extend vertically from end 
to end of the sleeve. The metal reinforcing cage 156 is 
embedded betWeen the ID. Wall 152 and the OD. Wall 158. 

[0079] Protector 150 includes a ?rst section 160 and a 
second section 162 connected by a hinge 164 at one end and 
a latch pin 165 at an end opposite from the hinge 164. Four 
spaced apart ?utes 166, 168, 170 and 172 are spaced around 
the perimeter and located on the OD. Wall 158 of the 
protector. Unlike conventional drill pipe protectors that 
typically have an external radius that is approximately 
circular With respect to the drill pipe, protector 150 includes 
an outer surface having four distinct curves that are designed 
to contour the common casing siZe, thus increasing sliding 
contact surface area. Each section 160 and 162 includes tWo 
sides 174 and 176, and 178 and 180, respectively. By having 
multiple high radius external curved surfaces alloWs more 








