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Perturbation Analysis of the

Nominal Orbit

Resorting to a perturbation analysis of the nominal orbit a relation
between the semi-major axis difference to the nominal (Aa) and the rate of
the orbital drift is established . For sake of simplicity the inclination is

assume to be nominal.
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Algorithms

The initial drift (AA,) is obtained from the difference between the equatorial
distance between the ascending node of the of injection orbit and the
ascending node of the reference orbit after launch.
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Algorithms

Two strategies are proposed to compute orbit acquisition plans.

Aa(t) 4’_!7
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to ty ts ts ty ts t
Constant rate of change of semi- Step-wise semi-major axis changes

major axis

Algorithms that minimise either the duration of the orbit acquisition or the
Delta-V consumption are developed using both strategies.
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Algorithms - Constant rate of

change of semi-major axis
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1. Minimisation of the Delta-V consumtion

A

A
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Algorithms - Step-wise semi-

major axis changes

Minimisation of the Delta-V consumtion

Aact) 1. Computation of the minimum
| imax ampliude et man. absolute drift. The target node is the
i max. amplitude . . . .
| intermediate man. next node in the drift direction.
| min. amplitude
: 0 ] 4last man. -
tO t]_ t2 t3 t4 ’t
Aa(t) 2. To reach the target node, firstly the
5 sizing amplitude of the manoeuvres
— is adjusted while satisfying the
’ manoeuvre constrains.
to t t t; ty ‘;t
A tl\
il SN 3. If necessary, duration of the drift in
I the injection semi-major axis is
R increased until the target node is
. PR S e T achieved.
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Algorithms - Step-wise semi-

major axis changes

Minimisation of the orbit acquisition duration

1. The adopted strategy is similar to the
one used in the minimisation of the

Delta-V consumption.
Aa(t) 4,_[7

2. However, the target node and the
L A number of manoeuvres are not
ty ty t; ts ty ts t . . . . .
known a priori and a derivative-free
minimum search method needs to be
used to determine them.
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Interface (1) - Single

optimiser

— rbit parameters
=sma ref| m target node
lzn anx ref 15.04325765deg diff sma 0
lon anx epoch ref| 01/05/2005 22:26:00| (MLST. 22.5 no man. time
cycle length 285 orbits lon anx inject
repeat cycle =7\ days deltals lim
r Constant rate maneouvinge parameters — Step-wise ManeouvTing parameters
defta\iday | T miziday inter man time day
Ik delta\Vinit 0.1\ mis
 OptimizeDV " Optimize time ﬂ:iﬁmﬁ —3-.3: ﬁ STATUS
- Waakhy days without maneouwres It detaVend 0.1 mis
interval 1 interval 2 interval 3 Uk dettavend 0.1 mi=
start (days)
stop (days)  Qptimize DV # 0 ptimize time Calculate |
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Interface (2) — Paramatric

analyser

PARBMETRIC ANALYSIS

— Orhit parameters
sma ref 7177926.541m
ecc 0.001159
inc 95.569|deg
lon anx ref 1]deg
lon anx epoch ref| 01/05/2005 22:26:00( (MLST: 22 5)
cycle length 143 orbits
repeat cycle 10]days
time w/o man 3]days
lon anx inject 2584.600630)deg
r Continuous mansouvre parameters
deltaV/day| N mvs/day
- Discrete maneouvre parameters
inter man time 1]day
Ib deltaVinit 0.1]mis
ub deltaVinit 0.3)mfs
ub deltaVmid 1.5)m/s
Ib deltaVend 0.1]m/s
ub deltaVend 0.3|m/s

Test several SMA
dispersions

— Batch parameters

min

/

max step

init diff smal

-9768]

1628|

9768

first launch date

12/06/2015

last launch date

12/06/2015

J=—t=omieR during weekends

Op Methods [T OptDV (continuous) ¥ OptDV (step-wise)

Test several
launch dates

I OptTime (continuous) ™ OptTime (step-wise)

Test the different
algorithms

— Weekly time no maneouvres

start

stop

interval 1

interval 2

interval 3

— Options

" Target node selection

target node

— Delta-V Budgst

deltaV lim[_ 20)m/s

Calculate
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Examples (1)

Scenario:

Sun-synchronous orbit 3500

3000

Relative semi-major axis evolution

Repeat cycle: 27 days, Cycle length: 385 orbits

2500
2000
1500

Thj: 3000 m higher
Initial delta inclination: nominal

meters

1000
500

Manoeuvres possible after L+7 days 0
16 Feb

Delta ground track: 209834.76 m

20 Feb 22 Feb 24 Feb 26 Feb 28 Feb

Date

18 Feb

Spacecraft Ground-track Evolution

Delta-V manoeuvrability : 1 m/s per day
4000

2000

Optimization using constant rate manoeuvres
minimising Delta-V consumption:

altitude (m)

» Duration: 9.09 days, Delta-V: 1.56 m/s

—2000
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Examples (2)

Scenario:

Sun-synchronous orbit 6000
Repeat cycle: 27 days, Cycle length: 385 orbits

Relative semi-major axis evolution

5000
4000

3000

Initial delta semi-major axis: 3000 m higher

meters

2000

Initial delta inclination: nominal 1000
Manoeuvres possible after L+7 days 0
16 Feb 18 Feb 20 Feb 22 Feb 24 Feb 26 Feb

Date

Delta ground track: 209834.76 m

Spacecraft Ground-track Evolution

Delta-V manoeuvrability : 1 m/s per day
e000 |
a000 |
Optimization using constant rate manoeuvres | ) ’
minimising time E L
» Duration: 8.49 days, Delta-V: 3.49 m/s o X N X
2000}
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Examples (3)

Scenario:

Sun-synchronous orbit 3500
Repeat cycle: 27 days, Cycle length: 385 orbits o

2500
2000

1500

meters

Initial delta semi-major axis: 3000 m higher
1000

Initial delta inclination: nominal <00

Manoeuvres possible after L+7 days o
16 Fe

Delta ground track: 209834.76 m

Relative semi-major axis evolution

-
18 Feb 20 Feb 22 Feb 24 Feb 26 Feb 28 Feb
Date

Spacecraft Ground-track Evolution

At least 1 day between manoeuvres

Max. Delta-V 1st and last man.: 0.3 m/s
Min. Delta-V 1st and last man.: 0.1 m/s
Max. Delta-V intermediate man.: 1 m/s

4000

2000}

altitude (m)
=)

Optimization using step-wise manoeuvres
minimising Delta-V consumption: 2000}
» Duration: 9.38 days, Delta-V: 1.56 m/s

48
[~
T
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Examples (4)

Scenario: . o .
Relative semi-major axis evolution
Sun-synchronous orbit 4000
3500 _———
Repeat cycle: 27 days, Cycle length: 385 orbits 3000

2500 m—
2000

Initial delta semi-major axis: 3000 m higher 1500

meters

Initial delta inclination: nominal 1000
Manoeuvres possible after L+7 days 0 -
16 Feb 18 Feb 20 Feb 22 Feb 24 Feb 26 Feb 28 Feb

Date

Delta ground track: 209834.76 m

Spacecraft Ground-track Evolution
At least 1 day between manoeuvres ' ' ' ' '

Max. Delta-V 1st and last man.: 0.3 m/s a000 |
Min. Delta-V 1st and last man.: 0.1 m/s . .

Max. Delta-V intermediate man.: 1 m/s 2000

altitude (m)

o
478
-

A

Optimisation using step-wise manoeuvres
minimising time
» Duration: 9.02 days, Delta-V: 2.16 m/s

—2000}
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Examples (5)

Scenario:
Sun-synchronous orbit, MLST: 10h00 Max. Delta-V 1st and last man.: 0.3 m/s
Repeat cycle: 10 days, Cycle length: 143 orbits Min. Delta-V 1st and last man.: 0.1 m/s
Initial delta inclination: nominal Max. Delta-V intermediate man.: 1.5 m/s

Manoeuvres possible after L+5 days
For some initial semi-major axis, the

25.000 8.000

© consumption of more propellant does not lead to

- 7.000

20.000

- 6.000 significantly shorter acquisition times as in the

- 5.000

cases of Asma=-10000 m, Asma=-6000 m,

15.000
- 4.000

Asma=-4000 m, and Asma=8000 m. Moreover,

Duration (days)
Delta-¥ (m/s)

- 3.000

for the analysed cases, it is possible to acquire

- 2.000

- 1.000 the desired ground track in less than 11.5 days

- 0.000 by using a maximum of 5.2 m/s Delta-V. For

-10000 -8000 -6000 -4000 -2000 0 2000 4000 6000 8000 10000
semb-malor axis difference to nominal {m) Asma=2000 m, the possibility to increase the

@ Duration {OptTime) W Duration (OptDeltaV) @ Delta-V (OptTime) A Delta-V (OptDeltaV)

drift rate by an earlier manoeuvre allows a much

Orbit acquisition duration and Delta-V required shorter acquisition time than if only natural drift

for various semi-major axis differences to the is used.
nominal.
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Examples (7)

Scenario:
Sun-synchronous orbit, MLST: 10h00 Max. Delta-V 1st and last man.: 0.3 m/s
Repeat cycle: 10 days, Cycle length: 143 orbits Min. Delta-V 1st and last man.: 0.1 m/s
Initial delta inclination: nominal Max. Delta-V intermediate man.: 1.5 m/s

Manoeuvres possible after L+5 days

25.000 8.000

L 2 000 If the orbit determination and planning times

- 6.000 take two days instead of one, the acquisition

® 5.000

20.000

15000 - time is higher. In this case, the minimum

- 4.000

Delta-¥ (m/s)

acquisition time is around 11 days and can be

10.000 - | 3000

Duration (days)

| 5000 up to 15 days for larger injection errors.

5.000 ~

- 1.000 Interesting enough, in this case, the
0.000 -~ + 0.000 H H H H H
L0000 8000 6000 4000 2000 O 2000 3000 6000 8000 10000 minimisation of the duration of the orbit
semk-major axis difference to nominal (m) acquisition phase leads to smaller Delta-V
Durati OptTil Durati OptDeltav Delta-V (OptTi Delta-V (OptDeltaV] . . .
purstion (Optime] | purstion (OpDettay)  © belav (OptTime) & Delta v (Optbeltay) consumption than in the previous case.

Orbit acquisition duration and Delta-V required
for various semi-major axis differences to the
nominal in case the time between manoeuvres
is two days instead of one.
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Conclusions

1. Four different algorithms were developed and implemented on a tool
for rapid orbit acquisition plan analysis and design.

2. These algorithms exploit two different strategies:
a. Constant rate semi-major axis changes

b. Step-wise semi-major axis changes

3. The tool computes acquisition plans minimising the orbit acquisition
duration or the associated Delta-V consumption

4. Some examples illustrate some of the potential uses of the tool.

5. Each plan is computed in an few seconds.
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