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Librational Motion of a Space Shuttle

100 minutes circular orbit

(s_=- s==)/x_=
Initial Disturbance: oJt = w3 = 0,co7 = -0.105 deg/s

/

O.5

0

-O.5

-1

Fig. 1 Orbiting Space Shuttle with MR.MS

-1.5
0

True Anomaly, (racl)

Fig. 2 Three Dimemional Librational Response



Librational Motion of a Space Shuttle

I_/Iyy = 0.958.

(1) Initial pitching.

(2) Initial pitching.

Izz/I_x = 0.126

rolling, yawing angles = 10 deg.

rolling, yawing angles = 25 deg.

30

2O

10

g°
-10

- -: Pitching Angle /_
.. : Rolling Ang_ //

__ : Yawing Ang_

s :' : ,

i Li",i",.:

4
o; i ' ' '1.5 2 25

Orbt_

"5oo _ 3', ; ,'_

Fig.'3 LibrationM Response of a Space Shuttle Under Small Disturbances

Pitching Angle = Rolling Angle = Yawing Angle = 10 degrees

20O
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5o

-5o

__: Yawing Angle
/

- -: _ Xng_ /

•. : RollingAngle _ /

\ .: : , - . , , ,/ /" " " ,'. ;" i' ,"',
i.: .. .: .. ... : :. i; : _ .: ,,

i i I I"Iooo o; 1 l; i _ i 3.5 , ,.5
Orbits

Fig. 4 Librational Response of a Space Shuttle Under Small Disturbances

Pitching Angle = Rolling Angle = Yawing Angle = 25 degrees



Maneuvering of Shuttle Remote Maneuverno
ii

Properties of SRMS:

• Weight = 410 Kg

• Length = 15 m

• Cross Section Area = 0.0022 m 2

• Young's Module = 1.27 X 1011 Pa

• Shear Module = 3.18 X 10 l° Pa

• Density = 1.2 X 104 Kg/m 3

• Tip Maneuvering Speed (without payload)

Systems

= 0.6 m/s

(SRMS)

UPPER ARM

100 u

EUlOw CCT_'

k PAN/TILT UN T

IOPTION_

\

wR_ST CCTV

k UGHT

WRI$T YAW ENO EFFECTOR

JOINT

ELIIOW PITCH JOINT



CONTACT�IMPACT OF 2 RIGID BALLS

ml = 5 kg, m2=2 Kg

1) vl = 0.2 m/s,

2) fl = 0.01 N,

3) vl = 0.1 m/s,

v2 = - 0.1 m/s

f2 = - 0.008 N

v2 = - 0.05 m/s, fl = 0.01 N, f2 =-0.001 N

ml m2
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Tip Trajectory of Rigid & Flexible SRMS
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Contact Velocity of SRMS & Payload • Z - axis
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