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@ Space Flight Conditions

i' Motivation to perform science in space. In many
aspects different from conditions on Earth.

From the factors of space flight
e.g.

e Position above Earth

e space vacuum

¢ low column density
unique:

e Simulated state of weightlessness, in principle
without time limitations.

However:
Weightlessness is an ideal state.

In reality: Residual accelerations

Microgravity

To optimize and to analyse experiments:
Need to understand the character of
microgravity (magnitude, direction,

frequency, etc.)

@® Table of Content,
e Principle for simulating weightlessness
o Effects causing residual accelerations.

e Characterization of the microgravity environment
aboard an orbiting spacecraft
» Casestudy: Spacelab D1 Mission
» Outlook: EURECA,
Space Station/COLUMBUS

¢ Other opportunities/programmes to perform
microgravity experiments
» Sounding rockets,
» Aircrafts,
» Drop tubes/towers



® The Earth's Gravitational Field

Newton's second law for central gravitational fields
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Simulation of Weightlessness
in WENENEERERIght

: 2) A force-free state of the spacecraft requires:
1) Grawityl can be compensated in orbital flight by

Xa .4=0
centrifugal acceleration a due to the curvature of the tangential
orbit. e
Circular orhit: - _ )
Result: A forcefree state (weightlessness or 0g) is
. g—a achieved in a free drifting spacecraft at the
ooe CM.
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Principle of Equivalence

Tﬁ=-3
L

Free Fall

Superposition i
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Result; Weightiessness is simulated in a free
fall system.

A freely drifting Spacecraft is a special case of

free fall systoms.
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® The Real Spacecraft:
Residual accelerations

Weightlessness is an ideal state.
In reality: residual accelerations (Microgravity)
Effects:
1) ©® Residual external forces
e.geatmospheric drag
esolar radiation pressure
ethruster firings
Change momentum
Exerting a torque
2) ® Theextended spacecraft.
For objects not located at CM
eg#a, (tidal effect)

¢ Rotation may cause additional centrifugal
acceleration. Coriolis acceleration for moving
ogjects.
¢ Internal forces
due to change of mass distribution.
(motion of mechanical parts, crew
activities, etc.)
No change of momentum.

QUAST STEADY ACCELERATION

@ ATMOSPHERIC DRAG

DIRECTED OPPOSITE TO THE ORSITAL VELOCITY VECTOR.

® GRAVITY GRADIENT MODE (GGM): %wf DIRECTION OF THE DRAG
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QUAST STEADY ACCELERATION

@ ATMOSPHERIC DRAG (CONT.)

® ATMOSPHERIC DETEI ERATION

Ap = Cp - (e/2)Vg? -.'mp/m
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ATMOSPHERIC DRAG (CONT.)

@ Ap/M FOR DIFFERENT CARRIERS

EURECA 1 2.0 - 107 M/
US-MEN 1.8 - 1072
ORBITER/SL 0.7 T0 4.0 . 1077
SPACE STATION 0.9 10 1.2 - 1072
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The Tidal Effect
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QUAST STEADY ACCELERATION

@ TIDAL EFFECT

GRAVITY GRADIENT MOGE
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MANNED CORE SPACE STATION
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Antwort des

Raumfahrzeugs
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allowable acceleration [183em/s2]
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The allowable acceleration in

a) a typicsl fluid physics experiment requiring a
temperaturs gradient _—

b) & crystal growth experiment by the THM method ——:===°——

¢) an experiment on the Soret effect

® TIMNE VARYING

® PERIODIC
E.G. BY MOTORS
PUWPS

CENTRIFUGES
VESTIBILAR SLED (D1}

® TRANSIENT

E.&. BY THRUSTERS

VALVES

® STOCHASTIC

E.G. BY TURBLLENT FLOW

CLEARANCE IN BEARINGS. LOCKERS. ETC.

FORCES
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