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Aerodynamic oscillations during GOCE de-orbit
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Euler angles:
Will it tumble?
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Torques during
de-orbit
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Simplified Earth model
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Linearized attitude
model
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Density
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Density
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Density
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Magnetic dipole
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Back to reality

03/11 05/11 07/11 09/11
0

2

4

6

8

−4

−2

0

A
n
g
le

[l
o
g
10
(d
eg
)]

03/11 05/11 07/11 09/11
0

2

4

6

8

F
re
q
u
en
cy

[m
ra
d
/s
]

−4

−2

0

A
n
gl
e
[l
og
10
(d
eg
)]

03/11 05/11 07/11 09/11
0

2

4

6

8

−4

−2

0

A
n
gl
e
[l
og
10
(d
eg
)]

03/11 05/11 07/11 09/11
0

20

40

Date [dd/mm]

ap

1
1.2
1.4
1.6
1.8
2

X
[]

160
180
200
220
240

h
[k
m
]

1
1.2
1.4
1.6
1.8
2

X
[]



8 / 10

Back to reality
- NRLMSISE-00
- SPARTA (G.March)

03/11 05/11 07/11 09/11
0

2

4

6

8

−4

−2

0

A
n
g
le

[l
o
g
10
(d
eg
)]

03/11 05/11 07/11 09/11
0

2

4

6

8

F
re
q
u
en
cy

[m
ra
d
/s
]

−4

−2

0

A
n
gl
e
[l
og
10
(d
eg
)]

03/11 05/11 07/11 09/11
0

2

4

6

8

−4

−2

0

A
n
gl
e
[l
og
10
(d
eg
)]

03/11 05/11 07/11 09/11
0

20

40

Date [dd/mm]

ap

1
1.2
1.4
1.6
1.8
2

X
[]

160
180
200
220
240

h
[k
m
]

1
1.2
1.4
1.6
1.8
2

X
[]



9 / 10

Inclination
3 × 10−10kg/m3
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Inclination
3 × 10−10kg/m3
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Conclusions
I Significant magnetic torques during de-orbit;

I High density required for pitch stability;

I Resonance destabilizes attitude.

Recommendations
I Include Clα,β (roll aerodynamics);

I Analytic expressions for aerodynamic coefficients (B. Fritsche);

I Verification using simulations.

T. Visser: t.visser-1@tudelft.nl



EXTRA SLIDES
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Inclination
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Inclination
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Inclination
3 × 10−10kg/m3
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Control dipole
µx = −µc cos(2nt)


