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FWED Mission DescriptionFWED Mission Description

The FWED is a non-
gravity dependent 
mechanical system to 
countermeasure:

� muscle atrophy

� bone loss

� impairment of 
muscle function

resulting from long 
duration space 
flight.
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FWED Overall Design DescriptionFWED Overall Design Description

The FWED is an exercise device for in-orbit health 
maintenance of astronauts. It has its worst load case 
in orbit during the exercise lifetime

Main operational parameters for the FWED are:

� 10 year utilization by 7 crew member for ½
hour twice a week

� 8 different exercises to train all main portions of 
the body

� worst exercise load from the 95% percentile US 
male astronaut (by definition 92kg weight)
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FWED Description and Functional PrincipleFWED Description and Functional Principle

The functional principle is characterized by 
the rotating inertial Flywheel as energy 
accumulator 

The photograph shows an exercise on the Ground 
Model of YoYo Technology - the patent holder

The FWED looks like a rowing simulator composed of:

� stiff backbone

� sliding seat

� flywheel assembly on opposite end

� foot restraint board

� Load introduction through a “Actuation Cord”
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Critical Load Cases for the FWEDCritical Load Cases for the FWED

The following load cases are identified and considered as critical:
� Nominal performance of exercises
� Kick loads induced by crew members
� Pressure loads on closed parts and housings
� Release of Flywheel or the preloaded springs of the Drive Unit
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Dynamic analysis of the FWEDDynamic analysis of the FWED

Focus is placed on the dynamic analysis:

� Step 1: Explicit non-linear dynamic simulation with 

A) LS-DYNA 

B) Altair RADIOSS

� Step 2: Multibody Dynamics Simulation with Altair MotionSolve

� FE- and MBD pre- and postprocessing with Altair HyperMesh and HyperView
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Non-linear dynamic analysis of the FWEDNon-linear dynamic analysis of the FWED

� Subject of dynamic analysis are:
- Floor Mounting Structure (FMS)
- Drive Unit mechanism

Floor Mounting Structure
Model of Drive Unit Mechanism

Drive Unit (covered)
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Dynamic Model of the FMSDynamic Model of the FMS

The dynamic model of the FMS is generated by:
� Combination of rigid & flexible elements
� The Frame and the Ground Support Brackets are 

modelled flexible in order to verify structural 
strength directly

� Other parts of the Flywheel assembly are rigid:
- Foot Rest & the Seat assembly
- Dummy body

� Connection between rigid-body parts defined as 
‘rigid-body joints’ assigned with adequate degrees-
of-freedom 

Complete FMS Model for Leg-Press 
Exercise

Flexible Elements of the FMS Model
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Results of the Exercise Motion AnalysisResults of the Exercise Motion Analysis

� Imposed motion defined as rotation versus time 
of dummy joints

� Results of the motion analysis are:
- transient simulation of motion dynamics
- response forces at attenuation system
- response forces at body joints
- response stresses of flexible elements (FMS)

Seated Row ExerciseLeg Press Exercise

Dead Lift Exercise
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Results of the Exercise Motion AnalysisResults of the Exercise Motion Analysis

Characteristics of the transient dynamic analysis:
� Analysis of 10 completed exercise strokes, equiv. to a simulation of 30 seconds
� Stresses in the frame are directly requested for strength verification 
� Run time is 285 CPU hours on a single processor computer 

Stress Contour of FMS at time step, showing max. stress Movie showing FMS transient stress
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Dynamic Model of the FWED Drive UnitDynamic Model of the FWED Drive Unit

Dynamic analyses (LS-DYNA) of the 
FWED Drive Unit:

� Evaluation of stresses directly by 
dynamic analysis would cause 
unacceptable computation time

� Using rigid bodies for structural 
components decreases calculation 
time significantly

� Dynamic analysis yields transient 
force responses at the interface joints

� Ensuing transient analyses with 
NASTRAN, using transient forces 
from LS-Dyna run, yield structural 
stresses for detailed strength 
verification and fracture analyses

LS-DYNA Model of Drive Unit

Forces at rigid body joints
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Follow on Static Analysis FWED the Drive UnitFollow on Static Analysis FWED the Drive Unit

� NASTRAN linear transient analysis serves to determine structural stresses as 
well as operation forces for fastener element verification

Stress Contour Plot of the FWED Drive Unit
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Fracture Control AnalysesFracture Control Analyses
� Crack growth analysis for inertia wheel housing yields:

- uncritical crack growth

(crack length from 3.0 to ~4.0mm within 1000 service lifes)

� Fatigue analysis for other safe life items:

- Most critical part is the Interface Support Bracket of the 
Foot Restraint System 
(life time is 5.2 times service life)

� Fail safe analysis yields positive margins as well as life 
times > 4 times service life
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Results of the Exercise Motion Analysis with RADIOS SResults of the Exercise Motion Analysis with RADIOS S

Animation and stress in the frame for the RADIOSS computation :

The LS-DYNA model is translated to RADIOSS using HyperCrash. The LS-DYNA and 
RADIOSS computations give similar results (stress, behaviour, forces,…) at a comparable 
calculation time.
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Results of the Exercise Motion Analysis with RADIOS SResults of the Exercise Motion Analysis with RADIOS S

The forces and moments in the FWED fixation, resulting form LS-DYNA and 
RADIOSS runs
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Exercise Motion Analysis with MotionSolveExercise Motion Analysis with MotionSolve

� The non-linear dynamic analyses using explicit solvers (LS-Dyna, RADIOSS) consumes an 
enormous amount of calculation time

� A solution to speed up the calculations could be to use the ALTAIR MotionSolve Software 
as a Multi-Body Dynamic solver

� Using the Craig-Bampton approach, which is available since Version 8.0, also allows to 
incorporate flexible structures

� Additionally, the application of Output Transformation Matrices (OTM) allows to calculate 
stresses in flexible elements

� For the time being, a MotionSolve model has been generated and analyses have been 
started only for a rigid body formulations (w/o Craig Bampton approach)

� The calculation time for 10 exercise strokes is reduced to appr. 30sec, compared to 285 
hours with LS-Dyna and Radioss

� For the FWED verification the MBD approach seems to be advantageous, especially when 
structure optimisation is point of interest
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Structural Verification of the FlyWheel Exercise De vice 
(FWED)

Structural Verification of the FlyWheel Exercise De vice 
(FWED)

Thank you for your attention


