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THE SEGMENTS

VKB253 M3EL

Starboard

* IBM * Lockheed

McDonnell Douglas * GE ¢ Honeywell

Space Station Freedom



Librational Motion of a Space Shuttle

e 100 minutes circular orbit
o (Ipx—1..)/I,,=1
e Initial Disturbance: w; = w3 = 0,w, = —0.105 deg/s

Fig. 1 Orbiting Space Shuttle with MRMS

__: Pitching Angle
A ~ : Rolling Angle .

(rad)

True Anomaly, (rad)

Fig. 2 Three Dimensional Librational Response



Librational Motion of a Space Shuttle

I,
(1
(2

./I,, = 0.958,

I../I.. = 0.126
) Inltlal pitching. rolling, yawing angles =
) Initial pitching, rolling, yawing angles

10 deg.
25 deg.

— Yawing Angle

(degrees)

<30

- -: Pitching Angle
.. :Rolling Ang

Orbits

Fig.' 3 Librational Response of a Space Shuttle Under Small Disturbances
Pitching Angle = Rolling Angle = Yawing Angle = 10 degrees

200 ™= ™
150} —: Yawing Angle
- «: Pitching Angle’
. : Rolling Angle

(degrees)

-100
0

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 Systems (SRMS)

Properties of SRMS:

e Weight = 410 Kg

e Length=15m

e Cross Section Area = 0.0022 m?

e Young's Module = 1.27 X 10! Pa

e Shear Module = 3.18 X 10° Pa

o Density = 1.2 X 10* Kg/m?®

o Tip Maneuvering Speed (without payload) = 0.6 m/s

WwRIST CCTV
& UGHT

WRIST PITCH

ELBOW CCTV LOWER ARM
& PAN/TILT UNT 800M
{OPTIONS)

WAIST
JETTISOM SUSSYSTEM

MAL ~ UPPFER AAM

SHOULDER BRACE MPM = MANIPULATQR POSITIONING MECHANISM
MAL = MANIPULATOR AETENTION LATCH

SHOULDER PITCH JOINT NOTE RMS JETTISON INTERFACE IS AT BASE
SHOULWDER OF MPM ON LONGERON
YAW JOINT

ORQITER
LOKGEAON



CONTACT/IMPACT OF 2 RIGID BALLS

m1 =5kg, m2=2Kg
1)vi=02nvs, v2=-0.1 m/s

2)f1=0.01 N, f2=-0.008N
3) vl =0.1m/s, v2=-0.05nvs, f1 =0.01 N, f2=-0.001 N

mi m2
vi, f1

A

20 : 1: g 0.4
E:; 10 feogerer .................. , ............... . ............... . F=
8 e : é s
| 3
7] 2
5 O_ ................................................................. - g
-10 1 1 H 0.1 ;! 1 i
0 50 100 150 200 0 50 100 150 200
Time, sec Time, sec
60
ot
o : : : 9
< : : 3
v 40 P S :s‘. .......... Feneen P .
g o ; Z §
‘éf 20 _ ..... :l ‘\“ ....... . ................. .............. - E
2 : : 3
Q
: : : o : : :
_20 1 ! Il _50 1 1 1
0 50 100 150 200 0 50 100 150 200

Time, sec Time, sec



Displacements, m

Velocities, m/s & rad/s

Tip Trajectory of Rigid & Flexible SRMS

T T

T T

.....

Time, sec

12 14

16

18

20



Translational Acc. m/s"2 Torque, N-m Forces, Newton

Angular Acc. rad/s"2

'
Lh

_
o
L)

0.4

0.2

0.04

T T T
: : .
: . N
- : P \
i : ’ N
: ’ \
: : ’ \
B ’
. : 4 A
. : ’ \
0 N H P R
\ ’ R
\ : ’ :
v N ’ H
\ : ‘ B
\ ! :
0.02F- : : -
i b Y [RTETIRTE Ll S P —
~eo” :
1 1 1

End Effector : Rigid SI}MS
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End lEffector : Rigid SXIQMS

Time, sec

Forces, Newton

Torque, N-m

Translational Acc. m/sh2

Angular Acc. rad/s"2

EHYrEffectorr FleXible SRMS ™
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Velocity, m/s

Forces, Newton

x10-¢ Contact Velocity of SRMS & Payload : X - axis

T T T T T

1 ] 1

120

21.5 22 225 23 23.5 24 245 25

Time, sec

Contact Forces of SRMS & Payload : X - axis

LOO b e

20k b

T T T T T T T

il

22 225 23 23.5 24 24.5 25

Time, sec



Velocity, m/s

Forces, Newton

Contact Velocity of SRMS & Payload : Y -axis

x10-3
23 23.5 24 245 25
Time, sec

Contact Forces of SRMS & Payload : Y -axis

100 : ! f ? ! |
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100 |

-250L ........... |

S0 21i.5 22 25.5 2i3 2:;.5 2;4 245 25
Time, sec
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Velocity, m/s

Forces, Newton

x10+4 Contact Velocity of SRMS & Payload : Z - axis

O B
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0
21

21.5 22 225 23 235 24 245 25

Time, sec

Contact Forces of SRMS & Payload : Z - axis

T T

T T H T T

-20 _.E‘ .....................................................................................................
-40 _:L: OOt SO ROPSOE NN
_60 »_";:.. ........
S A S— S — __________________________________________
A0 U WO
b

1 21L.5 2JIZ 22[.5 2;3 23; 5 214 24[.5

-140
2

Time, sec

25






