US 20160363517A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2016/0363517 A1l

Lee et al.

(43) Pub. Date:

Dec. 15, 2016

(54)

(71)

(72)

(73)

@
(22)

(60)

TENDON ACTUATOR UNIT
Applicant: Oceaneering International, Inc.,
Houston, TX (US)

Jason Lee, Houston, TX (US); Austin
Lovan, Webster, TX (US); Roger
Rovekamp, League City, TX (US)

Inventors:

Assignee: Qceaneering International, Inc.,

Houston, TX (US)
Appl. No.: 15/178,630
Filed: Jun. 10, 2016

Related U.S. Application Data

Provisional application No. 62/173,589, filed on Jun.

10, 2015.

D

(52)

&7

Publication Classification

Int. Cl1.

GOIN 3/08 (2006.01)

U.S. CL

CPC i, GOIN 3/08 (2013.01)
ABSTRACT

A tendon actuator unit comprises a housing; a pulley dis-
posed within the housing, the pulley comprising a screw-like
groove about a predetermined portion of an outer surface of
the pulley configured to accept a predetermined length of a
cable; a motor disposed in or proximate to the housing and
operatively in communication with the pulley; one or more
online cable sensors; one or more sensor rollers; and one or
more conduit force sensors.
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TENDON ACTUATOR UNIT

RELATION TO PRIOR APPLICATIONS

[0001] This application claims priority through U.S. Pro-
visional Application No. 62/173,589, filed on Jun. 10, 2015.

FIELD OF THE INVENTION

[0002] The invention relates generally to tendon actuation
units.

FIGURES
[0003] Various figures are included herein which illustrate

aspects of embodiments of the disclosed invention.

[0004] FIG. 1 is a schematic cut-away view of an exem-
plary tendon actuation unit;

[0005] FIG. 2 is a cut-away view in partial perspective of
an tendon actuation unit;

[0006] FIG. 3 is a schematic cut-away view of an exem-
plary tendon actuation unit showing additional sensors;
[0007] FIG. 4 is a view in partial perspective of an
exemplary tendon actuation unit pulley;

[0008] FIG. 5 is a cut-away view in partial perspective of
an exemplary tendon actuation unit;

[0009] FIG. 6 are four views, two in cut-away, in partial
perspective of an exemplary tendon actuation unit;

[0010] FIG. 7 is a cut-away view in partial perspective of
an exemplary tendon actuation unit;

[0011] FIG. 8 is a cut-away view in partial perspective of
an exemplary tendon actuation unit;

[0012] FIG. 9 is a cut-away view in partial perspective of
an exemplary tendon actuation unit pulley; and

[0013] FIG. 10 is a vector diagram illustrating sensor
position based on sensor load capability and a tangential
angle of a cable against a roller.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0014] Referring generally to FIG. 1, cable 11, referred to
herein sometimes as a tendon, is operatively attached to
pulley 10 for controlled deployment. Forces on cable 11 may
be monitored using one or more force sensor, which can
include on-line tension sensors that measure tendon force
directly and/or conduit force sensors that infer tendon force
through conduit compression forces. On-line tension sensors
may indirectly measure tendon force by measuring a radial
force created by the tendon as it passes over a roller located
on a bearing journal of a sensor. The on-line tension sensors
can be used for control or simply as a redundant force sensor.
[0015] Moreover, conduit force sensors may be present
and used to measure compression force from a conduit as
cable 11 attempts to straighten itself. This compression force
can be used to infer tendon force and thus provide an indirect
measurement of tendon force. The conduit force sensors can
be used for control or simply as a redundant force sensor.

[0016] In each embodiment described herein, motor
design may accommodate a tendon Brummel which may be
loop hooked or otherwise attached onto one or more pulleys
and comprises tangential exit points. Typically, the pulley
diameter is based on motor selection, e.g. speed and torque
requirements, and the pulley length is based on maximum
tendon travel. In an embodiment, pulley length is designed
for 12 inches of linear travel, which is around 3-4 inches
more than required, and comprises around 7 wraps required
for desired range.
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[0017] In a first embodiment illustrated in FIG. 2, tendon
actuator unit 110 comprises housing 1; pulley 10 disposed
within housing 1, where pulley 10 comprises a screw-like
groove about a predetermined portion of an outer surface of
pulley 10 and where pulley 10 is configured to accept a
predetermined length of cable 11 (FIG. 1) about the outer
surface at least partially within the screw-like groove; motor
30 disposed proximate housing 1 and operatively in com-
munication with pulley 10; a radial bearing 17; sensor
bracket 4 connected to housing 1; one or more online cable
sensors 15 disposed at least partially within sensor bracket
4, where online cable sensor 15 comprises one or more
sensor outputs 120; sensor roller 16 operatively in commu-
nication with online cable sensor 15 and configured to be
operatively in communication with cable 11 when cable 11
is present; and one or more conduit force sensors 20 con-
nected to sensor bracket 4 and configured to be operatively
in communication with cable 11 when cable 11 is present, at
least one conduit force sensor 20 comprising cable conduit
2 adapted to accept cable 11 therethrough.

[0018] Typically, the dimensions, e.g. depth and/or width
and/or wall thickness, of the screw-like groove of pulley 10
are configured to prevent cable 11 from traveling in adjacent
grooves.

[0019] Cable 11 is typically terminated at pulley 10 in any
appropriate manner, e.g. removably or fixedly attached to
pulley 10.

[0020]

[0021] In certain embodiments, cable sensors 15 comprise
one or more modular sensors.

[0022] Referring additionally to FIG. 3, one or more distal
sensors 100 may be present and operatively connected to
cable conduit 2. In addition, one or more proximal conduit
force sensors 103 may be present, typically grounded at
proximal conduit ground 101, and cable 11 may be routed
through proximal conduit 2 to a point away from tendon
actuator unit 110 (FIG. 9).

[0023] Referring now to FIG. 5, in a further embodiment
integrated tendon actuator unit 200 comprises housing 1;
pulley 10 disposed fully within housing 1, where pulley 10
comprises a screw-like groove about a predetermined por-
tion of an outer surface of pulley 10 and where pulley 10 is
configured to accept a predetermined length of cable 11
(FIG. 1) about the outer surface at least partially within the
screw-like groove; pulley retainer 12 (FIG. 7) in communi-
cation with the pulley 10, where pulley retainer 12 is
connected to housing 1; one or more pulley washers 13
disposed intermediate pulley 10 and pulley retainer 12; one
or more online cable sensors 18 disposed within housing 1
where online cable sensors 18 are adapted to indirectly
measure tendon force radial to pulley 10, where online cable
sensors 18 comprise one or more sensor outputs 120; sensor
roller 19 disposed at least partially within housing 1, where
sensor roller 19 is operatively in communication with at
least one online cable sensor 18 and configured to be
operatively in communication with cable 11 when cable 11
is present; one or more conduit force sensors 20 connected
to housing 1 and configured to be operatively in communi-
cation with cable 11 when cable 11 is present, at least one
conduit force sensor 20 comprising cable conduit 2 adapted
to accept cable 11 therethrough and adapted to measure
compression force from cable conduit 2 (FIG. 3) as cable 11

Cable conduit 2 is typically grounded to housing 1.
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attempts to straighten itself; and motor 30 disposed proxi-
mate to housing 1 and operatively in communication with
pulley 10.

[0024] In a preferred embodiment, housing 1 comprises a
unified bracket design which provides a reduced number of
parts and fasteners. In this embodiment, bracket fasteners
cannot back out for safety.

[0025] Conduit force sensor 20 may comprise an inte-
grated sensor. In certain embodiments, one or more retaining
rings 104 (FIG. 7) may be present and adapted to secure
conduit force sensor 20 to the housing 1. In these embodi-
ments, conduit force sensor 20 is clamped instead of using
lock-nuts and there are a reduced number of fasteners which
also comprise reduced size.

[0026] Conduit force sensors 20 are typically located
proximally to and/or integrated into housing 1, although
they can also be located along the length of conduit 2 (FIG.
3) or at a distal conduit grounding point proximate a
proximal end of conduit 2.

[0027] One or more distal sensors 100 (FIG. 3) may be
present and operatively in communication with cable 11,
each such distal sensor 100 being disposed at a predeter-
mined location away from housing 1.

[0028] Further, one or more proximal sensors 103 (FIG. 3)
may be present and connected to one or more associated
cable conduits 2 (FIG. 3).

[0029] One or more sensor clamps 105 (FIG. 7) may be
present and adapted to secure online cable sensor 18 to
housing 1. Further, online cable sensor 18 may be positioned
within housing 1 at a predetermined position based on
sensor load capabilities and the tangential angle of cable 11
with respect to pulley 10. This predetermined position may
be determined using the formula, as illustrated in FIG. 10:

Fp=2-Fy-sine
R = 7 sinz

[0030] In certain embodiments, online cable sensor 18 is
cantilevered from pulley 10 to account for the entire pulley
length and changes in tendon angle.

[0031] Typically, sensor roller 19 is configured to allow
cable 11 (FIG. 3) to slide along sensor roller 19, e.g. axially,
as it travels from the first groove to the last groove on pulley
10. Typically, cable 11 is configured to travel from a first
pulley groove to a last pulley groove.

[0032] Housing 1 may further comprise one or more
sensor ports 106 (FIG. 6) configured to accept conduit force
sensor 20 therein, typically one conduit force sensor 20 per
sensor port 6.

[0033] Pulley retainer 12 (FIG. 7) may be removably
connected to housing 1.

[0034] As illustrated in FIG. 4 and FIG. 9, cable 11 may
be attached to pulley at hook 113 which may be cantilevered.

[0035] The foregoing disclosure and description of the
inventions are illustrative and explanatory. Various changes
in the size, shape, and materials, as well as in the details of
the illustrative construction and/or an illustrative method
may be made without departing from the spirit of the
invention.
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What is claimed is:

1. A tendon actuator unit, comprising:

a. a housing;

b. a pulley disposed within the housing, the pulley com-
prising a screw-like groove about a predetermined
portion of an outer surface of the pulley, the pulley
configured to accept a predetermined length of a cable
about its outer surface at least partially within the
screw-like groove;

c. a motor disposed proximate the housing and opera-
tively in communication with the pulley;

d. a radial bearing;

e. a sensor bracket connected to the housing;

f. an online cable sensor disposed within the sensor
bracket, the online cable sensor comprising a sensor
output;

g. a sensor roller operatively in communication with the
online cable sensor and configured to be operatively in
communication with the cable when the cable is pres-
ent; and

h. a conduit force sensor connected to sensor bracket and
configured to be operatively in communication with the
cable when the cable is present, the conduit force
sensor comprising a cable conduit adapted to accept the
cable therethrough.

2. The tendon actuator unit of claim 1, wherein the online

cable sensor comprises a modular sensor.

3. The tendon actuator unit of claim 1, further comprising
a distal cable sensor connected to the conduit.

4. An integrated tendon actuator unit, comprising:

a. a housing;

b. a pulley disposed fully within the housing, the pulley
comprising a screw-like groove about a predetermined
portion of an outer surface of the pulley, the pulley
configured to accept a predetermined length of a cable
about its outer surface at least partially within the
screw-like groove;

c. a pulley retainer in communication with the pulley, the
pulley retainer connected to the housing;

d. a pulley washer disposed intermediate the pulley and
the pulley retainer;

e. an online cable sensor disposed within the housing, the
online cable sensor adapted to indirectly measure ten-
don force, the online cable sensor comprising a sensor
output;

f. a sensor roller disposed within the housing, the sensor
roller operatively in communication with the online
cable sensor and configured to be operatively in com-
munication with the cable when the cable is present;

g. a conduit force sensor connected to the housing and
configured to be operatively in communication with the
cable when the cable is present, the conduit force
sensor comprising a cable conduit adapted to accept the
cable therethrough, the conduit force sensor adapted to
measure compression force from conduit as the cable
attempts to straighten itself; and

h. a motor disposed proximate to the housing, the motor
operatively in communication with the pulley.

5. The tendon actuator unit of claim 4, wherein the sensor

comprises an integrated sensor.

6. The tendon actuator unit of claim 4, further comprising
a distal sensor operatively in communication with the cable,
the distal sensor disposed at a predetermined location away
from the housing.
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7. The tendon actuator unit of claim 4, further comprising
a proximal cable sensor connected to the conduit.

8. The tendon actuator unit of claim 4, further comprising
a retaining ring in communication with the conduit force
sensor to secure the conduit force sensor to the housing.

9. The tendon actuator unit of claim 4, further comprising
a sensor clamp adapted to secure the online cable sensor to
the housing.

10. The tendon actuator unit of claim 4, wherein the
online cable sensor is positioned within the housing at a
predetermined position based on sensor load capabilities and
the cable’s tangential angle with respect to the pulley.

11. The tendon actuator unit of claim 4, wherein the online
cable sensor is cantilevered from the pulley to account for
the entire pulley length and changes in tendon angle.

12. The tendon actuator unit of claim 4, wherein the
sensor roller is configured to allow the cable to slide along
the sensor roller.

13. The tendon actuator unit of claim 12, wherein the
cable is configured to travel from a first pulley groove to a
last pulley groove.

14. The tendon actuator unit of claim 4, wherein the
housing comprises a sensor port configured to accept the
conduit force sensor therein.

15. The tendon actuator unit of claim 4, wherein the
pulley retainer is removably connected to the housing.
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