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INTRODUCTION - The Jacobian Matrix, relating actuated link velocities to the veloci- <The Jacobian has been derived analytically, enabling dynamic
-Government space agencies worldwide aim to return ties of the ringS IS: traCking of trajectories as discussed in future work
humans to the Moon by 2020 and eventually send 8k - (v —var) + (Pija X 8k) - Q— (Pjjar x 8k) - U =1y, -The combination of analytical and experimental models have
humans to Mars Jx =§ proven the feasibility of the system
-Mobility, don/doffability and low mass are high priori- EXPERIMENTAL MODEL CONCLUSIONS
ties for a feasible, next generation planstary suit -Full scale experimental model designed and fabricated in coop- .The Morphing Upper Torso is a feasible suit architecture which
-Traditional suit architectures each com- eration with ILC Dover may solve many of the challenges facing spacesuit engineers
) = promlsei mobility, weight, fabn;:at:c?n .?nd -Torso is based on the |-Suit, a pro-  .Given incremental evolution of technology, this human-robotic
i T Ssupport logistics, costs, and don/doftability totype planetary spacesuit symbiosis can be implemented in four progressive modes, each

— ‘;- 1 ILC EXPANDED SUT

=== -New suit architectures must be developed L .l-Suit Dimensions expanded to mode providing enhanced capabilities:
= ’:oner:\]alro]![e astronauts to explore these envi- r A\ me_lke very large torso, which is easy -Passive Static: Links are lengthened during donning and doff-
- fonments ./ | to ingress/egress ing, thus greatly increasing don/doff ease and efficiency, and
MORPHING UPPER TORSO CONCEPT ”‘, -Manually adjustable linkages t_hen me_mually reset to inglividl_JaI dimensions pri_or to pressuriza-
-Incorporate robotics directly into the suit, creating a human-robotic . . . . . tion. This enables one suit to fit perfectly to multiple users.
biosis which | f th it-desi hall -Used in conjunction with analytical _ _ _ _ o
SymDbIOSIS WhiCh can Solve many of Inese suit-aesign challienges PO A models to demonstrate feasibility -Active Pressurized: Links can be adjusted after pressurization,
-Helmet ring, waist ring and two shoulder rings make up a system and advantages of morphing concept providing adjustment for body shape changes.
of four interconnected parallel manipulators RESULTS -Active Reconfigurable: The suit can be set to specific configu-
-Advantages of parallel manipulators (high accuracy, high stiffness, .The Inverse Kinematics (IK) of the S0 ToP rations for each task such as walking, hammering, or sitting.
high load-bearing capability) map extremely well to suit mobility  gystem (calculating the link lengths -Active Adaptive: The suit continually adjusts to wearer’s body
requirements given the pose of the rings), have kinematics in real time.
- Allows dynamic control of position and orientation of each ring SaeI?n modeled and solved analyti- -Many challenges still remain: better actuator technology is re-
-Enables modification of critical sizing dimensions as well as task- y quired, mass and power must be minimized, much more experi-
specific orientations -The Forward Kinematics, opposite o mental testing is needed
METHODOLOGY :ge:?ceallyimhoaljveel sbheoev\r/]n zzl\;iegdht;]u- -This work leads towards a fully augmented pressure suit, which

will significantly increase the astronaut’s capabilities and the effi-
ciency of future planetary EVA

FUTURE WORK

-Integration into MX-2, including suit-mounted mesrwpsmmrs
robotic arm for enhanced human-robotic sym- | S

biosis

ANALYTICAL MODELS
-Pose (position and orientation) of each ring is:

-The experimental model has dem-
onstrated that the Morphing Upper
G Torso can be reconfigured, prior to
X = [ ) ] = pressurization, to any required suit
dimensions, as shown below
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‘Motion capture
.t study is underway to
bl obtain ring trajecto- |
'\ ries

-The position vector of each
node is defined as:

'pijc = "Ru"pic _
-Controller design is
underway to track these trajectories

A rotation matrix is constructed

from the Euler angleS as shown: CONTACT ACKNOWLEDGMENTS
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