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GRIPPER ASSEMBLY FOR DOWNHOLE TOOLS 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/865,676, ?led Oct. 1, 2007, now US. 
Pat. No. 7,604,060, Which is a continuation of US. patent 
application Ser. No. 11/418,449, ?led May 3, 2006, now US. 
Pat. No. 7,275,593, Which is a continuation of US. patent 
application Ser. No. 10/690,054, ?led Oct. 21, 2003, now 
US. Pat. No. 7,048,047, Which is a continuation of US. 
patent application Ser. No. 10/268,604, ?led Oct. 9, 2002, 
now US. Pat. No. 6,640,894, Which is a continuation ofU.S. 
patent application Ser. No. 09/777,421, ?led Feb. 6, 2001, 
now US. Pat. No. 6,464,003, Which claims the bene?t under 
35 U.S.C. §119 of US. Provisional Patent Application Ser. 
No. 60/205,937, entitled “PACKERFOOT IMPROVE 
MENTS,” ?led on May 18, 2000; and US. Provisional Patent 
Application Ser. No. 60/228,918, entitled “ROLLER TOE 
GRIPPER,” ?led on Aug. 29, 2000. Each of the above-iden 
ti?ed applications is hereby incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to grippers 
for doWnhole tractors and, speci?cally, to improved gripper 
assemblies. 

DESCRIPTION OF THE RELATED ART AND 
SUMMARY OF THE INVENTION 

[0003] Tractors for moving Within underground boreholes 
are used for a variety of purposes, such as oil drilling, mining, 
laying communication lines, and many other purposes. In the 
petroleum industry, for example, a typical oil Well comprises 
a vertical borehole that is drilled by a rotary drill bit attached 
to the end of a drill string. The drill string may be constructed 
of a series of connected links of drill pipe that extend betWeen 
ground surface equipment and the aft end of the tractor. Alter 
natively, the drill string may comprise ?exible tubing or 
“coiled tubing” connected to the aft end of the tractor. A 
drilling ?uid, such as drilling mud, is pumped from the 
ground surface equipment through an interior ?oW channel of 
the drill string and through the tractor to the drill bit. The 
drilling ?uid is used to cool and lubricate the bit, and to 
remove debris and rock chips from the borehole, Which are 
created by the drilling process. The drilling ?uid returns to the 
surface, carrying the cuttings and debris, through the annular 
space betWeen the outer surface of the drill pipe and the inner 
surface of the borehole. 

[0004] Tractors for moving Within doWnhole passages are 
often required to operate in harsh environments and limited 
space. For example, tractors used for oil drilling may encoun 
ter hydrostatic pressures as high as 16,000 psi and tempera 
tures as high as 3000 F. Typical boreholes for oil drilling are 
3.5-27.5 inches in diameter. Further, to permit turning, the 
tractor length should be limited. Also, tractors must often 
have the capability to generate and exert substantial force 
against a formation. For example, operations such as drilling 
require thrust forces as high as 30,000 pounds. 

[0005] As a result of the harsh Working environment, space 
constraints, and desired force generation requirements, 
doWnhole tractors are used only in very limited situations, 
such as Within existing Well bore casing. While a number of 
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the inventors of this application have previously developed a 
signi?cantly improved design for a doWnhole tractor, further 
improvements are desirable to achieve performance levels 
that Would permit doWnhole tractors to achieve commercial 
success in other environments, such as open bore drilling. 

[0006] In one knoWn design, a tractor comprises an elon 
gated body, a propulsion system for applying thrust to the 
body, and grippers for anchoring the tractor to the inner 
surface of a borehole or passage While such thrust is applied 
to the body. Each gripper has an actuated position in Which the 
gripper substantially prevents relative movement betWeen the 
gripper and the inner surface of the passage, and a retracted 
position in Which the gripper permits substantially free rela 
tive movement betWeen the gripper and the inner surface of 
the passage. Typically, each gripper is slidingly engaged With 
the tractor body so that the body can be thrust longitudinally 
While the gripper is actuated. The grippers preferably do not 
substantially impede “?oW-by,” the ?oW of ?uid returning 
from the drill bit up to the ground surface through the annulus 
betWeen the tractor and the borehole surface. 

[0007] Tractors may have at least tWo grippers that alter 
nately actuate and reset to assist the motion of the tractor. In 
one cycle of operation, the body is thrust longitudinally along 
a ?rst stroke length While a ?rst gripper is actuated and a 
second gripper is retracted. During the ?rst stroke length, the 
second gripper moves along the tractorbody in a reset motion. 
Then, the second gripper is actuated and the ?rst gripper is 
subsequently retracted. The body is thrust longitudinally 
along a second stroke length. During the second stroke length, 
the ?rst gripper moves along the tractor body in a reset 
motion. The ?rst gripper is then actuated and the second 
gripper subsequently retracted. The cycle then repeats. Alter 
natively, a tractor may be equipped With only a single gripper 
for specialiZed applications of Well intervention, such as 
movement of sliding sleeves or perforation equipment. 

[0008] Grippers are often designed to be poWered by ?uid, 
such as drilling mud in an open tractor system or hydraulic 
?uid in a closed tractor system. Typically, a gripper assembly 
has an actuation ?uid chamber that receives pressuriZed ?uid 
to cause the gripper to move to its actuated position. The 
gripper assembly may also have a retraction ?uid chamber 
that receives pressuriZed ?uid to cause the gripper to move to 
its retracted position. Alternatively, the gripper assembly may 
have a mechanical retraction element, such as a coil spring or 
leaf spring, Which biases the gripper back to its retracted 
position When the pressurized ?uid is discharged. Motor 
operated or hydraulically controlled valves in the tractor body 
can control the delivery of ?uid to the various chambers of the 
gripper assembly. 

[0009] The prior art includes a variety of different types of 
grippers for tractors. One type of gripper comprises a plural 
ity of frictional elements, such as metallic friction pads, 
blocks, or plates, Which are disposed about the circumference 
of the tractor body. The frictional elements are forced radially 
outWard against the inner surface of a borehole under the 
force of ?uid pressure. HoWever, these gripper designs are 
either too large to ?t Within the small dimensions of a bore 
hole or have limited radial expansion capabilities. Also, the 
siZe of these grippers often cause a large pressure drop in the 
?oW-by ?uid, i.e., the ?uid returning from the drill bit up 
through the annulus betWeen the tractor and the borehole. The 
pressure drop makes it harder to force the returning ?uid up to 




























