
U N I V E R S I T Y  O F
MARYLAND

Extravehicular Activity 

ENAE 697 - Space Human Factors and Life Support

Extravehicular Activity 2
• Soft goods design approaches
• Hard suits
• AX-5/Mk. III competition overview
• Suit development post-ISS
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Flat Panel Joint
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Rolling Convolute - Blade Joint
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Rolling Convolute Arm
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Toroidal Joint Construction
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Toroidal Joint Actuation
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Role of Neutral Axis Restraints
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Soft Goods - Hardware Interfaces
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Hard Suits - Not a New Idea (1882)
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Draeger Suit (Germany - c. 1940)
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Litton RX-1
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Wedge Joint Operations
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NASA Ames AX-1 Hard Suit
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AX-1
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AX-1 Dual Planar HUT Entry
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AX-1 Ingress
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AX-3 Hybrid Suit
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AX-3 Suit Ingress
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AES Experimental Suit
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AES Shoulder and Elbow Articulation
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NASA Ames AX-5 Hard Suit
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Mark III Suit (JSC)
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Comparative Suit Evaluations - 30 Years Ago
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Spacesuit Design and Testing (NASA)
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Single-Hand Reach Envelopes
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Two-Hand Reach Envelope
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Elbow Joint Torques
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Comparative Evaluation Conclusions
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• Both suits fully capable of all tasks, and comparable in performance 
to EMU

• AX-5 had more flexible lower torso, no restoring forces for limb 
motions

• Crew preferences:
– Objected to “programming” of multi-roll joints in AX-5
– Preferred soft components in elbows, knees, and feet
– Did not think flexibility in lower body was desirable

• AX-5 was (apparently) heavier and required greater stowage volume
• Soft goods on Mk. III had limited operating lifetimes
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Results of Comparative Assessment
• Point was moot - insufficient funding was available for next-generation 

suit
• EMUs adopted as standard U.S. suit on ISS
• NASA Ames suit development program terminated by the mid-1990’s
• All suit development since that time has focused on soft or hybrid suit 

concepts
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Rear-Entry Suit Donning
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Waist-Entry I-Suit (ILC)
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Waist-Entry Suit Donning
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NASA Suit Concepts c.2000
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Recent NASA Suit Developments
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Z-1 Experimental Suit (JSC)
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NASA Z-2 Suit Concepts
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NASA Z-2 Crowd-Sourced Design
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Modified ACES EVA Suit
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Next Generation: xEMU
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from Ross and Rhodes, “NASA’s Advanced Extra-vehicular Activity Space Suit…” ICES-2018-273
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xEMU HUT and Helmet
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from Ross and Rhodes, “NASA’s Advanced Extra-vehicular Activity Space Suit…” ICES-2018-273
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xEMU Life Support and Informatics
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Axiom Artemis Lunar Suit Prototype
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