


of the segments. There are two different segments used in the testing with the only
differences between them being the tendon attachment points. The width of the
contact face was determined through preliminary testing and selected so that it is

large enough to interact with the pressure pad.

Fig. B.2: Middle Segment relevant dimensions

Figure B.3 shows the distal segment’s relevant dimensions. There are two dif-
ferent segments used in the testing with the only differences between them being the

tendon attachment points.

Fig. B.3: Distal Segment relevant dimensions
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Appendix C

Test Stand Design

Figure C.1 is an example of one of the three test diameter holders that were
constructed for the project. They are fabricated out of an aluminum plate with the
test diameter and the retaining pin pressed into it. All are identical except for the
test diameter size; a different one was manufactured for each test diameter. The test
diameters are .015 inches undersized to account for the thickness of the sensor. Units

are in inches.

Test Diameter mount in three sizes 1.448 in, 1.329In and, .674in

12.000

2.000
1.050 \ Q

2.100
4.125

4.500

0.640

Fig. C.1: Test Diameter Dimensions
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Figure C.2 is the test rig holder. Its function is to hold the test rigs beneath the
camera in the proper position to grip the test diameter and to allow the tendon to
be hung from the table. It is made up of four parts; the main holder body machined
from a piece of steel. The test rig holding pin is machined from stock and pressed
into the main holder body, and the tendon routing pin is a half inch dowel pin held

in place with a setscrew.

Routing Pin Setscrew

@031 7 075 Tendon Routing Pin

3/8-16 UNC T 0.75
S @ 0.43 X 90° Near Side

Main Holder Bod

2.00
0.75
0.51R
0.45-— © i @
o— L Test Rig Holding Pin
rrrrr ©0.375 $0.125 2450
P00 [ 1] : Tas T
: il
Ne) A 1,33 -
1.16
0
[T, s8] o 0
el 89 ™~ =
o 3] [N ]

Fig. C.2: Test Rig Holder Dimensions

Figure C.3 is the camera frame that holds the webcam in place to take mea-
surements of the experiment. It is fabricated out of the available 80/20 T-Slotted

aluminum parts.
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11.00

13.00

Fig. C.3: Camera Frame Dimensions

Figure C.4 is a CAD model of the full test stand with all of its components and

a represents the actual test setup.
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Fig. C.4: Test Stand CAD
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Appendix D
NASA EVA Tool Summary

The EVA Tool survey is shown in Table D.1. It was generated by going through a
NASA EVA handbook and identifying the tools or parts of the space station structure
that an Astronaut would grab onto [78]. Then, if listed, recording the dimensions of
the “handle” or “handhold” as either the diameter or the maximum and minimum
values listed. All units are inches as reported by the handbook.

Diameters selected for the testing procedure are shown in green. The modes of
each part of the data set were selected because it represented the most common sizes
of tools that the astronaut may need to grasp. The decision was made to select the
median of the data sets over the mean for ease of manufacturability and the fact that

the differences between the mean and the median are minimal.
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Table D.1: EVA Tool Survey

Tool Width | Height
Bolt Puller 1
pin straightener tool 1.38 1.27
coax connector tool 2.06 1.38
antenna cutter 1.2
cutter, tube 2
door latch tool, External tank 0.67
door support bracket 1
Drill, 1/4 in 1 0.4
Drive unit preload tool 0.62 0.7
Drive, Right Angle 1.18 0.9
Force Measurement tool 1.5
Hammer 1.75 1.25
Handle, GFE 1.376 0.375
Handle, Oval 1.38 0.75
Hydrazine Brush 1.5
Hydrazine Detector 1.5
Mirror, Inspection 1.5
Pip Pine, Lock-Lock 2
Power Drive Unit Disconnect 1.35
Power Ratchet Tool 1.5
Power Tool, Mini 1.42
Probe 1.25 1.75
Pry Bar 1.24
Ratchet 3/8 inch drive 1.5 0.75
Ratchet, 3/8 inch drive EVA 1.5 0.75
Ratchet, 3/8-Inch Drive Tether 1.5 0.75
Ratchet, 3/8-Inch Drive, with 7/16-inch socket 1.4 0.75
Ratchet, 3/8-INCH Drive With 7/16-Inch SOCKET 1.5 0.75
Ratchet, 3/8-INCH Drive With 7/16-Inch SOCKET 1.4 0.75
Screwdriver, Extension 1 0.7
Steering Wheel 1.25
Torque Limiter 2.25
Torque Recorder 1.25
Translation Aid 1.5
Wrench, 1/2-inch ratcheting Box End 1.25 0.75
Wrench, 7/16-Inch and 1/2-Inch Box End 1.38 0.75
Wrench 1.35 0.78
Wrench, Adjustable 1.25 0.75
Wrench, RMS MPM 1.3
Handrail/HandHold 1.7
Airlock Hatch Seal Tool 1.38 0.75
Light, Probe External 1.2
Wrench, Spanner 1
Wrench, Shuttle Umbilical Retraction System 1.38
Connector Pin Straightener 1.375
MMU Range Finder 1.25
Ratchet 3/8 inch drive SAL 1.4 0.8
Wrench, 1/2-Inch open end 1.25 0.75
Hand Hold 1.38
Handrail, on-orbit installed 1.38
Mean 1.37 0.84
Std 0.30 0.30
Mode 1.50 0.75
Median 1.38 0.75
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Appendix E

Experiment Information

E.0.1 Tendon
The tendon is a Imm thick, 3mm wide Vectran woven cord. Vectran was selected
for the tendon material because of its strength and resistance to stretch; NASA also

uses this material in their Robonaut tendon [59].

E.0.2 Pressure Sensor DAQ

For collecting the sensor data, the Pliance-xf-16 wireless sensor is used. It is
capable of reading from 256 sensors at a rate of approximately 75 Hz. Its wireless
radio is Bluetooth which it connects to a computer using a USB receiver that comes

with it. It receives power from a battery pack.

E.0.3 Pressure Sensor Software
The software for the system is Pliance/E; it handles the acquisition and expor-
tation of the pressure data. This version of the software requires a computer capable

of running Windows 7 and has at least one available USB port.

E.0.4 Tendon Tension

Known masses were used to load the tendon in the test rig. These masses were
selected so that the load could be stepped up in half kilogram increments starting
with one-half kilogram and going all the way to two kilograms. Additional weights
are also needed to overload the system to overcome friction. Before experimentation,

their mass was measured on a calibrated scale and the local gravity in Grand Rapids
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Michigan is 9.8056 m/s* [83]. One value for the uncertainty in the Gravitation model
reported by Bomfirm et al. is £6.4 x 107°m/s? [84]. Table E.1 shows each of the four

loads applied to the test rigs.

Table E.1: Load Summery

Load # Tendon tension (N)
1 4.9018 £ 0.001
2 9.8017 £ 0.001
3 14.7035 £ 0.0014
4 19.5877 £ 0.0014
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