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Background

As NASA aims toward space travel beyond low Earth orbit (LEO) the constraints placed
upon exercise equipment onboard space vehicles increase. Proposed vehicle architectures,
for transit to and from locations beyond LEO, call for limits to equipment volume,
mass, and power consumption that are more stringent than device requirements for
the International Space Station (ISS). While NASA has made great strides in providing
for the physical welfare of the crew, the equipment currently used onboard the ISS will
not conform to the expected mass, volume, and power constraints of long-duration
transit vehicles. The goal of the Advanced Exercise Concepts (AEC) project is to maintain
the resistive and aerobic capabilities of the current 1SS suite of exercise equipment,
while making reductions in size, mass, and power consumption to make the equipment

suitable for travel beyond LEO and future long-duration missions.
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Requirements Development

The goal of the device development is to demonstrate, onboard the ISS, the ability of a
compact device to provide an acceptable resistive load during a long-duration mission.
The functional requirements were developed with a Mars transit mission as the targeted

device application. Some of the high-level requirements for the device include:
* Mass: <100 Ibm

* Stowed volume: <2.0 ft3

» External power: <90W

= Repair schedule: 3-year service life

= Resistive load: Provide 20 to 600 Ibf

* Load ratio: Provide eccentric-to-concentric load ratio of at least 1.0:1.0

Human-in-the-Loop Testing

= All devices had to undergo some level of human testing g
to be considered for evaluation. Senmt

» Typical human ions collected subjective data
from the user (feel, comfort, pain, etc.) to compliment
objective engineering measures.

* For devices evaluated in-house by NASA, the standard
resistive test protocol is shown in the table to the right.
A typical set consists of a minimum of three repetitions.
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Device Evaluations
Seven devices were evaluated in August 2013 against the functional requirements.

Combined Countermeasure Device (CCD) 9

The CCD combines balance and coordination training

with resistance exercises through the use of a Stewart i Device (CRED)
platform. The CRED is a servomotor-based system that

/ v simulates inertia and provides a user-selectable
eccentric overload, g
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Gas Spring ¥
The Gas Spring was designed for o
use in small vehicles and requires ’ v
no external power to provide up to /
450 Ib of resistance. = S

High Eccentric Resistive Overload Device (HERO)
The HERO device consists of two air springs and assist
motors-and can provide 600 Ib of resistive load and an
adjustable eccentric overload.

Multimode Exercise Device (M=MED) ~9@
The M-MED provides both endurance and resistance fraining
through the use of a flywheel and an eddy current brake.

Multipurpose, Multiaxial Isokinetic Dynamometer (M—MID)
The M=MID provides up to eight motors allowing for either free
motions by the subject or prescribed motions programmed

into the software. ~agr— Wyle Flywheel

The Wyle flywheel uses two different
pulley systems to provide both aerobic
and resistive modes in

a system requiring no ’
external power.

D lect

= Based on the known information from these devices, the AEC team scored each device against the functional require

* The iExercise panel, consisting of subject matter experts from various NASA organizations, selected the HERO and the M
from the seven listed above for further evaluation. ]

* Two new devices are currently ready for human-in-the-loop testing. A final device decision will be made during 2074 Sfters

these devices have been tested.



