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BIDIRECTIONAL TENDON TERMINATOR

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMEN'T

The 1nvention described herein may be manufactured and

used by or for the U.S. Government for U.S. Government
(1.e., non-commercial) purposes without the payment of roy-
alties thereon or therefore.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This ivention relates generally to a bidirectional tendon
terminator and, more particularly, to a bidirectional tendon
terminator for a robotic hand that 1s compact enough to fit in
a very small space and strong enough for various applications.

2. Discussion of the Related Art

Dexterous robot systems are known 1n the art that perform
a variety of functions. A dexterous robot system typically
includes a robotic arm having a robotic hand with fingers and
related joints that operate to grasp an object or part for a
particular application. In one dexterous robot system design,
tendons are employed to actuate the fingers where the tendons
are coupled to the finger joints. The actuators that actuate the
tendons to move the fingers are typically positioned within
the forearm area of the robotic arm. Tendons extend from the
actuators to the finger joints, where they are attached. Typi-
cally, 1t takes two tendons to actuate a single joint of the finger,
one tendon to close the finger and another tendon to open the
finger.

The tendons that are used to actuate a finger 1n a dexterous
robotic system of this type need to be attached to the finger by
a suitable attachment device that 1s strong enough for a par-
ticular application and small enough to easily fit in the finger.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present invention,
a bidirectional tendon terminator 1s disclosed that has particu-
lar application for terminating a tendon that actuates a finger
in a robotic arm. The tendon terminator includes a cylindrical
member having an internal channel through which a single
continuous piece of the tendon extends. The internal channel
ol the tendon terminator includes a widened portion. A ball 1s
placed i the tendon strands, which causes the tendon to
expand, and the ball 1s positioned within the widened portion
of the channel. Thus, pulling on the tendon 1n one direction or
the other direction causes a pulling force on the tendon ter-
minator as a result of the ball being wedged within the chan-
nel. This action operates to either open or close the finger of
the robotic arm depending on which direction the tendon 1s
pulled. In one specific embodiment, the cylinder includes two
cylindrical pieces that are coupled together so that the ball can
be positioned within the channel and the cylindrical member
has an entire circumference of material.

Additional features of the present mvention will become
apparent from the following description and appended
claims, taken in conjunction with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a finger for a dexterous
robotic arm including a bidirectional tendon terminator;

FI1G. 2 1s a perspective view of the tendon terminator shown
in FIG. 1 removed from the robotic finger;
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FIG. 3 1s a cross-sectional view of the tendon terminator
shown 1n FIG. 2;

FIG. 4 1s a perspective view of a tendon terminator accord-
ing to another embodiment; and

FIG. 5 1s a perspective view of a tendon terminator accord-
ing to another embodiment.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

The following discussion of the embodiments of the inven-
tion directed to a bidirectional tendon terminator 1s merely
exemplary 1n nature, and 1s 1n no way intended to limit the
invention or its applications or uses. Particularly, the tendon
terminator of the present invention has particular application
for actuating a finger of a robotic arm. However, as will be
appreciated by those skilled 1n the art, the tendon terminator
of the invention may have other applications.

FIG. 1 1s a perspective view of a robotic finger 10 for a
robotic arm. The robotic finger 10 includes three finger sec-
tions, namely, a tip section 12, an intermediate section 14 and
a base section 16. The tip section 12 includes a pad 18, the
intermediate section 14 includes a pad 20 and the base section
16 includes a pad 22 that allow the finger 10 to efiectively
grasp a particular part (not shown). The sections 12,14 and 16
and the pads 18, 20 and 22 can be made of any suitable
material, such as aluminum, for a particular application. The
t1p section 12 pivots relative to the intermediate section 14 on
a shaft 24 and the intermediate section 14 p1vots relative to the
base section 16 on a shait 26.

The intermediate section 14 1s pivoted relative to the base
section 16 by actuating a tendon 28. In one non-limiting
embodiment, the tendon 28 1s a braided polymer tendon hav-
ing a diameter of about 0.048 inches and 1s capable of with-
standing the forces used for the various dexterous robot appli-
cations, such as providing about 100 Ibs of force. The tendon
28 15 attached to the intermediate section 14 and 1s terminated
by a bidirectional tendon terminator 30 that 1s positioned
within a slot 32 1n the mtermediate section 14. The tendon 28
extends through the tendon terminator 30 as a continuous
single piece. By pulling on the tendon 28 on one side of the
tendon terminator 30, the intermediate section 14 will pivot
on the shaft 26 to close the finger 10 and by pulling on the
other side of the tendon 28, the tendon terminator 30 causes
the finger 10 to be opened.

FIG. 2 1s a perspective and FIG. 3 1s a cross-sectional view
of the tendon terminator 30 separated from the robotic finger
10. In this non-limiting embodiment, the tendon terminator
30 includes two separate cylindrical members 40 and 42
including a common cooperative channel 44 extending there-
through, where the tendon 28 extends through the channel 44.
The channel 44 includes a narrow portion 46 at outside ends
of the cylindrical members 40 and 42 and a wide portion 50
towards a middle of the channel 44 at an inside end of the
cylindrical pieces. A ball 52 1s positioned within braided
strands of the tendon 28 and has a diameter so that 1t fits within
the wide portion 50, but 1s too wide to go through the nar-
rowed portion 46 of the channel 44. Thus, by pulling on one
end of the tendon 28, the tendon terminator 30 1s pulled 1n one
direction and by pulling on the other end of the tendon 28, the
tendon terminator 30 1s pulled 1n an opposite direction.
Because the tendon terminator 30 1s locked within the slot 32
by ridges 54 and 56, pulling on the tendon 28 causes the
intermediate section 14 of the finger 10 to open or close, as
discussed above.

The cylindrical members 40 and 42 can be attached
together 1n any suitable manner, such an epoxy. Epoxy may be
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applied to the braided strands of the tendon 28 within the wide
portion 50 of the terminator 30 around the ball 50, which will
serve to hold the assembly together. In one non-limiting
embodiment, the combined cylindrical members 40 and 42
have a length of about 0.2 inches and a diameter of about
0.125 inches.

In one embodiment, the cylindrical members 40 and 42 are
machined out of aluminum to provide ease of manufacturing.
Because the cylindrical members 40 and 42 are made of a
solfter material 1n this embodiment, 1t may be necessary to
provide the full circumierence of the material of the cylindri-
cal members 40 and 42 to provide the desired strength. For
example, the tendon 28 may be required to hold 100 lbs of
force to achieve the desired grasping force for the finger. For
other embodiments, other designs of the tendon terminator
can be employed.

FIG. 4 15 a perspective view of a tendon terminator 60 for
terminating a continuous tendon 62 extending therethrough.
The tendon terminator 60 includes a cylindrical member 64,
a slot 66 having a narrow portion 68 and a center wide portion
70. As above, a ball 72 1s positioned within the tendon 62 and
placed 1n the center portion 68. Thus, actuation of the tendon
62 pulls on the tendon terminator 60 1n the manner as dis-
cussed above to actuate the finger 10. Because the slot 66 1s
formed in the cylindrical member 64, 1t 1s not necessary to
provide two separate pieces of the cylindrical member as for
the tendon terminator 30. However, also because the slot 66 1s
tormed 1n the cylindrical member 64, a portion of the circum-
terence of the cylindrical member 64 1s removed, reducing the
strength of the tendon terminator 60 over the tendon termai-
nator 30. Thus, if the cylindrical member 64 i1s made of
machined aluminum, 1t may not stand up to the desired forces.
However, other materials, such as steel, may provide
adequate strength.

FI1G. 5 1s a perspective view of a tendon terminator 80. The
tendon terminator 80 includes a single piece cylindrical mem-
ber 82 having a channel 84 extending therethrough and
accommodating a tendon 86, as discussed above. An opening
88 1s formed 1n the cylindrical member 82 and 1s in commu-
nication with the channel 84. A ball 90 1s provided within the
tendon 86 so that 1t 1s positioned within the opening 88 where
tension on either end of the tendon 86 provides a force on the
tendon terminator 80 1n the manner as discussed above. This
embodiment provides additional strength over the tendon
terminator 60 because the cylindrical member 82 includes
continuous sections around 1ts circumierence at both ends.
However, 1n order to get the ball 90 within the tendon 86, the
tendon 86 1s first threaded through the channel 84 than pulled
out of the opening 88. The ball 90 1s then placed within the
tendon 86. In this process, the tendon 86 may be damaged.

The foregoing discussion discloses and describes merely
exemplary embodiments of the present invention. One skilled
in the art will readily recognize from such discussion and
from the accompanying drawings and claims that various
changes, modifications and variations can be made therein
without departing from the spirit and scope of the invention as
defined 1n the following claims.

What 1s claimed 1s:

1. A tendon terminator comprising:

a cylindrical member including a channel extending there-

through, said channel including narrow end portions and
a widened center portion;

a tendon extending through the channel 1n the cylindrical

member; and

a ball positioned within the tendon and placed within the

center portion of the channel, said ball having a diameter
so that 1t fits within the center portion of the channel, but
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does not it within the narrow end portions of the channel
so that the ball 1s locked within the cylindrical member
and tension on the tendon from either side of the cylin-
drical member causes the cylindrical member to move 1n
the direction of the tension.

2. The tendon terminator according to claim 1 wherein the
cylindrical member includes a first cylindrical piece and a
second cylindrical piece secured together where the first
cylindrical piece and the second cylindrical piece each
include a narrow end portion of the channel and provide a
portion of the center portion and where the first and second
cylindrical pieces can be spaced apart to allow the ball to be
positioned within the tendon and then can be secured together
to hold the ball within the center portion of the channel.

3. The tendon terminator according to claim 1 wherein the
cylindrical member includes a slot formed 1n a sidewall of the
cylindrical member that 1s in communication with the chan-
nel.

4. The tendon terminator according to claim 1 wherein the
cylindrical member includes an opening formed 1n a side wall
of the cylindrical member that 1s 1n commumnication with the
center portion of the channel.

5. The tendon terminator according to claim 1 wherein the
cylindrical member 1s machined aluminum.

6. The tendon terminator according to claim 1 wherein the
tendon terminator terminates a tendon that actuates a finger of
a robotic arm.

7. The tendon terminator according to claim 1 wherein the
cylindrical member 1s about 0.2 inches long and about 0.125
inches 1n diameter.

8. The tendon terminator according to claim 1 wherein the
ball 1s placed within braided strands of the tendon.

9. A tendon terminator comprising;:

a cylindrical member including a first cylindrical piece and

a second cylindrical piece that are secured together, said
cylindrical member including a channel extending
therethrough, said channel including a first narrow end
portion 1n one of the cylindrical pieces, a second narrow
end portion 1n the other of the cylindrical pieces and a
widened center portion provided in both of the first and
second cylindrical pieces;

a tendon extending through the channel 1n the cylindrical

member; and

a ball positioned within braided strands of the tendon and

placed within the center portion of the channel, said ball
having a diameter so that it fits within the center portion
of the channel, but does not fit within the first and second
narrow portions of the channel so that the ball 1s locked
within the cylindrical member and tension on the tendon
from either side of the cylindrical member causes the
cylindrical member to move 1n the directed of the ten-
S101.

10. The tendon terminator according to claim 9 wherein the
cylindrical member 1s machined aluminum.

11. The tendon terminator according to claim 9 wherein the
tendon terminator terminates a tendon that actuates a finger of
a robotic arm.

12. The tendon terminator according to claim 9 wherein the
cylindrical member 1s about 0.2 inches long and about 0.125
inches 1n diameter.

13. A bidirectional tendon terminator for terminating a
tendon that actuates a finger of a robotic arm, said tendon
terminator comprising:

a cylindrical member including a channel extending there-

through, said channel including narrow end portions and
a widened center portion, said cylindrical member being
machined aluminum;
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a tendon extending through the channel in the cylindrical

member; and

a ball positioned within the tendon and placed within the

center portion of the channel, said ball having a diameter
so that 1t fits within the center portion of the channel, but
does not fit within the narrow end portions of the channel
so that the ball 1s locked within the cylindrical member
and tension on the tendon from either side of the cylin-
drical member causes the cylindrical member to move 1n
the direction of the tension.

14. The tendon terminator according to claim 13 wherein
the cylindrical member includes a first cylindrical piece and a
second cylindrical piece secured together where the first
cylindrical piece and the second cylindrical piece each
include a narrow end portion of the channel and provide a
portion of the center portion and where the first and second
cylindrical pieces can be spaced apart to allow the ball to be
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positioned within the tendon and then can be secured together
to hold the ball within the center portion of the channel.

15. The tendon terminator according to claim 13 wherein
the cylindrical member includes a slot formed 1n a sidewall of
the cylindrical member that 1s 1n commumnication with the
channel.

16. The tendon terminator according to claim 13 wherein
the cylindrical member includes an opening formed 1n a side
wall of the cylindrical member that 1s 1n communication with
the center portion of the channel.

17. The tendon terminator according to claim 13 wherein
the cylindrical member 1s about 0.2 inches long and about
0.125 inches in diameter.

18. The tendon terminator according to claim 13 wherein
the ball 1s placed within braided strands of the tendon.
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