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This invention pertains to a mechanism for driving one 
shaft by another, and particularly to such a mechanism 
adapted for use in a drilling tool, such as an oil well 
drill or the like. 

In the art of deep well drilling, a hollow tubular struc 
ture, designated the outer barrel, is inserted in the well 
bore and is used to supply rotary driving force to the 
drilling bit. The drilling bit is attached to a mandrel-like 
member which is called a driver sub. 

In one kind of well tool, the driver sub is connected 
to another mandrel-like member which is called an upper 
Sub. The connected subs are designated an inner barrel. 
The inner barrel is adapted to slide or translate axially 
relative to the outer barrel, and means are provided to 
transmit torque from the outer to the inner barrel. Spring 
shoulders are formed on the inner surface of the outer 
barrel and the outer surface of the inner barrel. A 
spring, usually a coiled spring, is positioned between the 
shoulders, usually surrounding the inner barrel, to bias 
or force the inner barrel into its axially extended posi 
tion relative to the outer barrel and to force the drilling 
bit into engagement with the rock. As the drilling pro 
gresses, drilling mud is forced downwardly through an 
axial bore in the inner barrel, through nozzles adjacent 
the bit into the well bore, where it serves to lubricate 
the bit and the outer barrel. Any tendency for the bit 
and inner barrel to oscillate is reduced by the spring 
and to some extent, by the damping effect of the drilling 
mud. Such a spring biased sub is called a percussion Sub. 

In a second kind of well tool, the driver sub is 
weighted by heavy weights to cause the drilling bit to 
remain in contact with the rock. The driver sub and the 
weights are connected to an extended mandrel-like up 
per member, called a bumper sub, which is an inner 
barrel, enclosed in the cylindrical outer barrel driving 
member. Means are provided to transmit torque from 
the outer barrel to the bumper sub while allowing relative 
axial translation therebetween. - 
The travel between the inner and outer barrels in the 

percussion subtype of tool may be on the order of one 
foot or less. In the bumper sub type of tool, the travel 
between the outer barrel and the bumper sub may be 
on the order of five feet or more, thus allowing the outer 5 
barrel to be carried by a ship which is rising and falling. 
In both kinds of tools, stops are used to prevent exces 
sive translation between the outer and inner barrels. 

In prior art devices the various engagement means em 
ployed between the inner and outer barrels to transmit 55 - 
torque between the barrels, were subject to excessive 
friction which opposed the free or spring-induced rel 
ative axial translation between the barrels. It was not 
unusual to require tens of tons of axial force to cause 
the required translation. Due to the excessive friction, 
the engaging surfaces would wear, causing rotational 
play between the barrels and reducing the life of the 
tool. Further, because of the need to use great Weights 
with these bumper subs, the moment of inertia of the 
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rotate the inner barrel, weights and driver sub, and the 
overall drilling efficiency of the tools was substantially 
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impaired. 
The device of this invention uses rolling means be 

tween the inner and outer barrels to transmit torque 
while allowing relative axial translation. As one result, 
the friction is substantially reduced. For example, where 
perhaps twenty tons of axial force might be required be 
fore this invention, now only about 1,000 pounds of 
axial force may furnish the equivalent drilling effect. 

In one embodiment of the device of this invention, a 
plurality of axially directed channels are formed, by 
machining or other convenient methods, on the inner 
surface of the outer barrel. The channels are distributed 
at spaced intervals about the circumference of the barrel. 
A like number of channels are formed on the outer Sur 
face of the inner barrel to register with the channels 
on the inner surface of the outer barrel. With the inner 
barrel inserted in the outer barrel and the channels 
in registry, a plurality of hardened steel balls are placed 
in each of the axial races formed thereby so that each 
ball rolls freely between the two barrels. The balls thus 
carry torque from the outer to the inner barrel. Pref 
erably the channels are contoured to the balls to allow 
them to roll with a maximum of wear on the contact 
surfaces, 

In a second embodiment of the invention, the barrels 
are adapted to receive a plurality of axles directed radial 
ly inwardly from the inner surface of the outer barrel 
or alternatively, outwardly from the outer surface of 
the inner barrel. The latter arrangement is preferable 
for ease of assembly. The axles are arranged in spaced 
axially aligned rows. On the adjacent surface of the 
other barrel, in register with these rows, are a plurality 
of axially oriented channels adapted to receive rolling 
members, such as rollers. A roller is attached to each 
axle and rolls in one of the channels. The contour of 
the channel is adapted to match the shape of the rollers. 
The rollers may be mounted on bearings to rotate rel 

ative to the axles or, alternatively, may be fixed to the 
axles with the axles mounted in bearings relative to their 
supporting barrel. - 
The rollers may be of various shapes, as for example, 

cylindrical, conical or spherical. 
Further, although it may be desirable that all of the 

channels be axially aligned, it is not necessary, and they 
may be staggered along the barrel. 
A permanent lubricant, such as oil, Surrounds the 

rolling members and is retained by means of packings 
0 placed near the ends of the channels. These packings 

also function to keep dirt out of the rolling means. In 
a percussion sub, the lubricant may also surround the 
spring as well as all of the internal moving parts. 

It is an object of this invention to reduce the friction 
between an inner and outer barrel of a well tool. 

It is another object of this invention to provide means 
for efficiently transmitting torque between Well tool bar 
rels having greatly reduced frictional resistance to rel 
ative axial translation. 

It is still another object to use rolling means having one 
degree of freedom of motion while transmitting torque be 
tween two shafts. 
A further object of this invention is to provide a very 

weights increased the amount of torque necessary to 65 durable, easily manufactured means to transmit torque 
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lubricant, such as oil, is inserted into the spaces surround 
ing the moving parts. In a well tool using a percussion 
Sub, it is frequently also desirable to lubricate the spring 
20. To prevent the lubricant from leaking out and to 
prevent dirt and drilling mud from leaking in, typical 
packings such as those shown at 120 and 122 are used. 

In combination the keyways formed by the channels 
on the inner or outer barrel or by registering pairs of 
channels in both barrels and the rolling means associated 
with them form a structure which serves as an extremely 
efficient, new and novel torque transmitting spline which 
is adaptable to a great variety of uses. 

In operation, the outer barrel 10 is rotated by means 
(not shown) located in the drilling rig above ground. The 
rolling means, such as the balls 50, 52, 53, 54, 55, 56, 57 
and 58 of FIGURES 1-4, or those denoted by numerals 
80, 81, 82, 83, 84 and 85 of FIGURE 5, transmit torque 
from the outer barrel 10 to the inner barrel 14 while 
allowing great freedom of axial translation between the 
barrels. It is to be stressed that although the invention 
is described as carrying torque from the outer to the inner 
barrel, that the device of this invention could just as easily 
carry torque from the inner barrel to the outer barrel 
while allowing nearly frictionless relative axial translation 
between the barrels. 

Although the invention has been described in detail 
above, it is not intended that the invention should be 
limited by that description, but only in accordance with 
the spirit and scope of the following claims. 
What is claimed is: 
1. A well tool having a percussion sub comprising: 
an outer barrel, adapted to be rotated, having a plu 

rality of circumferentially distributed substantially 
axial channels positioned in a region of the inner 
surface thereof, adapted to receive rolling means; 

an inner barrel, including a percussion sub and a driver 
sub, having a plurality of substantially axial chan 
nels, equal in number to the above said channels and 
in register with the above said channels, upon the 
outer surface of a portion of said inner barrel; 

a plurality of rollings means, positioned in said two sets 
of channels to transmit torque from said outer barrel 
to said inner barrel to rotate said inner barrel while 
allowing relative axial translation between said bar 
rels; 

shoulders on the inner surface of said outer barrel and 
the outer surface of said inner barrel; 

resilient means positioned between said shoulders to 
bias said inner barrel toward its extended position; 

a lubricant surrounding said rolling means; and 
means for retaining said lubricant. 
2. A device as recited in claim 1 in which said rolling 

members are balls, and said channels are contoured to 
receive said balls. 

3. A well tool having a percussion sub comprising: 
an outer barrel, adapted to be rotated, having a plu 

rality of circumferentially distributed substantially 
axial channels positioned in a region of the inner 
surface thereof, adapted and contoured to receive 
rollers; 

an inner barrel, including a percussion sub and a driver 
sub, having a plurality of radially directed axles ex 
tending from the outer surface thereof, arranged in 
a plurality of substantially axial rows in register With 
said channels; 

a plurality of rollers, equal in number to said axles, 
attached to roll about the axes of said axles and 
positioned to engage and roll in said channels to 
carry torque from said outer to said inner barrel 
while allowing relative axial translation; 

shoulders on the inner surface of said outer barrel and 
the outer surface of said inner barrel; 

a spring positioned between said shoulders to bias said 
inner barrel toward its extended position; 
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6 
a lubricant surrounding at least said rollers; and 
means for retaining said lubricant. 
4. A device as recited in claim 3 in which said lubricant 

also surrounds said spring and further comprising stops 
for limiting the relative translation between said barrels. 

5. A well tool having a bumper sub comprising: 
an outer barrel, adapted to be rotated, having a plu 

rality of circumferentially distributed substantially 
axial channels positioned in a region of the inner 
surface thereof, adapted and contoured to receive 
rollers; 

an inner barrel, including a bumper sub, having a plu 
rality of radially directed axles extending from the 
outer surface thereof, arranged in a plurality of sub 
stantially axial rows in register with said channels; 

a plurality of rollers, equal in number to said axles, 
attached to roll about the axes of said axles and posi 
tioned to engage and roll in said channels to carry 
torque from said outer barrel to said bumper sub 
while allowing relative axial translation; 

a lubricant surrounding said rollers; and 
means for retaining said lubricant. 
6. A well tool having a percussion sub comprising: 
an outer barrel, adapted to be rotated, having a plu 

rality of circumferentially distributed axially directed 
channels along its inner surface adapted to receive a 
plurality of rolling members; 

an inner barrel, including a percussion sub and a driver 
sub, adapted to reciprocate within said outer barrel 
between a closed position defined by a first pair of 
opposed shoulders on said outer barrel and inner 
barrel and an extended position defined by a second 
pair of shoulders provided on the inner surface of 
said outer barrel and the outer surface of said inner 
barrel; 

a plurality of circumferentially distributed axially 
aligned channels in the outer surface of said inner 
barrel registering with the aforesaid channels in said 
outer barrel and adapted to receive said rolling 
members; 

a plurality of rolling members positioned to engage 
and roll in said channels to carry torque from said 
outer barrel to said inner barrel while allowing rela 
tive axial translation of said barrels between said 
closed position and said extended position; 

a third pair of opposed shoulders on the inner surface 
of said outer barrel and the outer surface of said 
inner barrel; 

a spring positioned between said third pair of shoulders 
to bias said inner barrel toward said extended posi 
tion; 

a lubricant surrounding said rolling members; and 
means for retaining said lubricant. 
7. A well tool comprising: 
an inner barrel including a percussion sub and a driver 

Sub having a plurality of radially directed axles ex 
tending from the outer surface thereof arranged in 
substantially axial rows, said rows being circum 
ferentially distributed about the axis of said barrel; 

a plurality of rolling means attached to roll about the 
axes of said axles; 

an outer barrel having a plurality of channels formed 
in the inner surface thereof in register with said roll 
ing means and contoured to engage the surfaces 
thereof; 

said rolling means positioned in said channels to carry 
torque between said barrels while allowing relative 
axial translation; : 

shoulders on the inner surface of said outer barrel and 
the outer surface of said inner barrel; 

spring means positioned between said shoulders to bias 
said inner barrel toward an extended position; 

stops on said inner and outer barrels to limit the axial 
travel thereof; 
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