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Corporation is a R&D 
company that develops, 
produces, and markets High 
Performance Piezo Actuators, 
Software, and Smart (Active) 
Materials Systems; primarily 
for the aerospace, automotive 
and manufacturing industries. 

( ) 

helping private and public 
organizations visualize and 
develop solutions for new 
products, and technologies in 
the areas of Architecture, 
Industrial Design, and 
Aerospace Systems. 

Space Station, South Pole 
Station, Underwater Habitats, 
Ecotourism. (Phase I and II) 

Dr. Chris McKay, expert in astrobiology, NASA ARC. 
Dr. John Grunsfeld, NASA astronaut. 
Dr. Cady Coleman, NASA astronaut. 
Dr. Buzz Aldrin, Apollo 11 astronaut. 

Industry Partners 

Midé Technology 

Trotti & Associates, Inc. TAI
TAI is a design consulting firm 

Award-winning designs for: 

Advisory Board 



MIT Advanced EVA Research 
• Astronaut EVA Performance 
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• Space Suit Simulator – Exoskeleton 

• Advanced Spacesuit Design: Bio-Suit MCP System 
-
-

• EVA Systems Flexibility and Uncertainty Analysis 
- /

Human Robotic database 
Spacesuit Modeling Hysterisis, Physics-Based, 
Dynamic Analysis
Energetics and Biomechanics Design Requirements 
Mission Planning and Geological Traverse Analysis 

Human Modeling & Requirements Definition 
Bio-Suit MCP Feasibility and Prototypes 

EVA community and EVA system are should be at the center of 
the U.S. Vision for Space Exploration 
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Augmented Human Performance 
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-Harness, hip bearing, 
fiberglass members, ankle 
-Fiberglass spring 
mechanism provides energy 

Prob em: Drop foot, patho ogy stroke, CP, MS
Var ab e- mpedance contro act ve ank e dev ce 

Contact 1: Adapt ve om met c tors ona spr ng - m n. s ap 
Contact 2: M zed mpedance 
Sw ng: Adapt ve tors ona spr ng-damper to ft foot 

aya, J.A., Newman, D.J., Herr, H.M., Compar son of a var ab mpedanc e c ontro to a free and r d ank e foot orthoses AFO n ass st ng drop foo 
Proceed ngs of the Internat ona Soc ety of B omechan cs ISB XIXth Congress, Duned n, New Zea and, Ju y 10, 2003. 

Next: Exoskeleton 



Results: Partial Gravity Locomotion 
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• i l ili it ( ) 
- Designed for weightlessness 
- Pressurized suit (29 kPa, 4.3 psi) 
- Life support system (O2 2
- 2 pieces: pants, arms & upper torso 
- Donning and doffing are highly involved 
- Adequate mobility for ISS 
- NOT a locomotion/exploration suit 

• i l ( ) 
- Skin suit compared to a pressure vessel 
- Greater flexibility, dexterity 
- Lightweight 
- Easy donning and doffing 

Space Suit Design: Motivation 

Extraveh cu ar Mob ty Un EMU

, CO , etc.) 

Mechan ca Counter Pressure MCP
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• Human, robot, human 

suited, & robot suited 
• 11 simple motions 

isolating individual joints 
•  9 complex motions: 

-
-
-
- i
- (6 in) 
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Human Robot Database 

Overhead reach 
Cross-body reach 
Low reach 
Locomot on 
Step up 15 cm 

M. Tallchief 
Robotic Space Suit Tester RSST

Human Robot 

Ang es Torques 

Ang es 



Strength
Torque limits

Space suit 
joint stiffness

Size
Arm segment
lengths

Joint angle 

range of motion

Work
Envelope

Visibility

• Can predict large-scale human factors
metric from joint torque-angle models 

• Work envelope analysis method is 
easily reconfigurable for different
anthropometrics and strengths 

• Sensitivity analysis indicates 
- i l ili
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Re-Thinking Work Envelope Analysis 

Improv ng shou der mob ty adds most 
vo ume to work enve ope 
Improv ng upward and downward v ty 
en arges work enve ope 



Space Suit Simulator – Exoskeleton 
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Exoske eton nt torques match EMU knee torques 
Tuned space su



Exoskeleton & Space Suit Comparison 
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fferences 
Poor ank e & h

mob ty n spacesu
Exce ent mob ty 

Exoske eton dof
Cost of Transport 
evated n space su ts 

ar es 
ar knee nt 

ang es 
gh-recovery: 

spr ngs n para
egs 
Cost of Transport 
Reduced G runn ng 

than unsu ted 

Simulated space suit knee joint via an exoskeleton. 
Explained metabolic cost of suited walking & running. 
Evidence of an optima space suit torque
Evidence that energy recovery plays a key role. 



Synthesis of Energetics 



Exolocomotion
[J/(kg.

: Cost of Transport
m)] 



Suited Locomotion: Run, don’t walk!


(G) 
Carr & Newman (SAE paper 2005-01-2970). 13 



The Art of Engineering! 



Creative Spacesuit Design 



Human EVA History 



Revolutionary Design:
Bio-Suit System

Bio-Suit multiple components:
– Mechanical Counter Pressure (MCP) Bio-

Suit layer
– A pressurized helmet
– Gloves and boots
– Possible hard frame
– A modular life support backpack

Systems Engineering: req’s., design life,
model, interchangeable components

Idea: Custom-fit skin suit to an individual
human/digital model

ΔW = ΔWp + ΔWe
ΔWp - Minimize through MCP design
ΔWe - Bending (design) and Strain

Energy (min. or max E)



Skin Strain Field Mapping

Circumferential Strain

Knee Surface
Area

Knee Volume

 16%
In knee region, when
leg flexes from 0 to
90 degrees

 18%
In knee region, when
leg flexes from 0 to
90 degrees

Results     MCP Requirements

0.8 kN/m

~2 kN/m

MCP Tension



Bio-Suit Skin Strain Model

   

    

 



Results: MCP Initial Prototypes

     Tibia                  Medial-Posterior       Lateral



Results: Minimum Energy Bio-Suit
• Maximizing mobility
• Minimizing energy

- (Strain energy, stress and modulus)



Results: MCP Elastic Bindings
• Maximum mobility
• Active materials (de-couple donning/doffing)
• Shape memory polymers (large max. strain)

• Varying circumferential tension gives
   constant pressure as leg radius changes.
• Donning time ~5 minutes

•Knee flexion angle ~140o



Pressure Distribution Generated by the
Elastic Bindings Varies from the Target Value

Prototype MCP generated on calf using Elastic Bindings

Front Back

Pressure (kPa) Pressure (kPa)

Knee

Ankle

Knee

Ankle



Successfully protected a human leg from
the effects of external underpressure

Note: * Excludes pressure ramp-down and ramp-up times

Human MCP Garment Trials in Low-Pressure Chambers

ELASTIC BAND PROTOTYPES

Test
duration*
(minutes)



Technology Roadmap: Design



Technology Roadmap: Pressure



Technology Roadmap: 2010



Bio-Suit Mock Up



Outreach: Knowledge Station
Explore Space!
The Knowledge Station is an educational portal where you
can Explore, Interact, and Learn.

Explore the International Space Station (ISS), Mars, and
Europa.

Interact through the gestural interface to exercise on the
ISS, explore Mars with Max in an advanced spacesuit, or
teleoperate M. Tallchief (a robot) on Jupiter’s moon of
Europa.

Learn about the world of NASA and NSBRI’s science and
technology breakthroughs.

Virtually Travel in the Knowledge Station – an educational
environment with freestanding mobility designed for museums
and public outreach. Our outreach vehicle is designed for 1-2
users and shares a global vision for peaceful space exploration
and hopes to inspire the imaginations of future astronauts.



Outreach and Education
Explore Space: Knowledge Station
• Interactive Multimedia Station
• High-Impact Design
• 1-2 users
• Bio-Suit System Theme: Max the Martian Explorer

- Life on Mars?
- Moby Music

• Deployment at MIT,
museums & public spaces

• Educational assessment



Visualizations and Press
ABC
BBC/RDF
Boston Business Forward
Boston Globe
CNN
Discovery Film
Folha de S.Paulo
GEO (German design)
Russian GEO
Leonardo
Harvard-MIT Connector

Men’s Journal (centerfold)
Metropolis
National Geographic Film
NPR
New Scientist
Popular Science (cover)
Space.com
Technology Review
Numerous newspapers and on-line
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