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Introduction

Retrieved from http://www.busek.com/
index_htm_files/70010819D.pdf (visited on 

21/11/2017)

Retrieved from http://www.busek.com/
index_htm_files/70008517E.pdf (visited on 

21/11/2017)

What are the characteristics of Earth–Mars transfers 
that combine ballistic capture 
with low-thrust propulsion?

http://www.busek.com/index_htm_files/70008517E.pdf
http://www.busek.com/index_htm_files/70008517E.pdf
http://www.busek.com/index_htm_files/70008517E.pdf
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rd !⃗d

rE + RSOI,E !⃗E

(Casado, 2017)

A (m2) mwet (kg) CR

0.52 26 1.1

mBC (kg)
≈ 20.5

T (mN) Isp (s)
[0.66,
1.24]

[1400,
2640]
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Ballistic capture Choose 
conditions to test

Run classification 
algorithm

Choose 
dynamics

2B TB SRP NSG
Mars Sun Mercury – Neptune Cannonball 20x20

Required for 
capture

May facilitate 
capture

Improves validity of 
results
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Ballistic capture Choose 
conditions to test

Run classification 
algorithm

Choose 
dynamics

Ω0 (º) i0 (º) e0

0 22.5 0.99

Reduce 
search 
space

Maximise 
chances of 

capture

ω0 (º) hp0 (km)
[0, 359] [250, 4RM]

Consistent with past work

n
6

Past 
work

t0 - t01 (days)
[0, 800]

Includes synodic 
period

t01 ≡ 08 MAY 2024 
Mars at periapsis



Introduction 

Concept 

Assumptions 

Ballistic 

Low-thrust 

Results 

Conclusions

!9

Ballistic capture Choose 
conditions to test

Run classification 
algorithm

Choose 
dynamics

#6-1 ≡ $6 ∩ %-1

$1 %1

…

&⃗0

?

(Luo et al., 2014)
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Ballistic capture

t0 = t01 + 000 dayst0 = t01 + 050 dayst0 = t01 + 100 dayst0 = t01 + 150 days

TM = 687 days
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Ballistic capture

t0 = t01 + 000 dayst0 = t01 + 050 dayst0 = t01 + 100 dayst0 = t01 + 150 dayst0 = t01 + 200 dayst0 = t01 + 250 dayst0 = t01 + 300 dayst0 = t01 + 350 dayst0 = t01 + 400 dayst0 = t01 + 450 dayst0 = t01 + 500 dayst0 = t01 + 550 dayst0 = t01 + 600 days

TM = 687 days
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Ballistic capture

t = t01
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Ballistic capture

t = t01
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Ballistic capture
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Low-thrust targeting

Capture 
orbits

Run numerical 
method

Define control 
problem
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Define control 
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2B
Sun

Required for 
transfer

'⃗d !⃗d md '⃗f !⃗f mf td tf
≈ '⃗E(td) !⃗E(td) mwet '⃗C(tf) !⃗C(tf) free t0 - ΔtTOF free

J
-mf

t0 - t01 (days) ΔtTOF (days)
[0, 800] [1200, 2200]

t0tf

td
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Direct collocation

Variables

• Discrete states 
• Discrete controls 
• Final time

Constraints

• Defect constraints 
• Boundary conditions 
• Pointwise path constraints

• Good convergence 
• Easy initial guess

Capture 
orbits

Run numerical 
method

Define control 
problem



Introduction 

Concept 

Assumptions 

Ballistic 

Low-thrust 

Results 

Conclusions

!15

'⃗d !⃗d md '⃗f !⃗f mf
≈ '⃗E(td) !⃗E(td) mwet ≈ '⃗M(tf) !⃗M(tf) free

td

tftd tf J
t0 - ΔtTOF ≈ t0 -mf

Rendezvous with Mars
(no capture)
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(no capture)
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(with ballistic capture)
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Conclusions
• The spacecraft requires roughly the same fuel 

regardless of Earth departure or Mars arrival dates; 

• Ballistic capture does not carry additional costs, when 
compared to simply rendezvousing with the planet; 

• 5 kg of propellant are required to reach Mars and get 
ballistically captured (20% of the spacecraft’s mass at 
departure); 

• The spacecraft needs to fly for at least 3.6 years.
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Ballistic capture
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Ballistic capture
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Ballistic capture



Introduction 

Concept 

Assumptions 

Ballistic 

Low-thrust 

Results 

Conclusions

!26

0 200 400 600 800
Arrival date (days after t01)

1300
1400
1500
1600
1700
1800
1900
2000
2100
2200

TO
F 

(d
ay

s)

2.5

3

3.5

4

4.5

5

θ
(t f) (

36
0 

de
g)

Rendezvous with Mars
(no capture)



Introduction 

Concept 

Assumptions 

Ballistic 

Low-thrust 

Results 

Conclusions

!27

0 200 400 600 800
Arrival date (days after t01)

1300
1400
1500
1600
1700
1800
1900
2000
2100
2200

TO
F 

(d
ay

s)

2.5

3

3.5

4

4.5

5

θ
(t f) (

36
0 

de
g)

Results
(with ballistic capture)



Introduction 

Concept 

Assumptions 

Ballistic 

Low-thrust 

Results 

Conclusions

!28

0 200 400 600 800
Arrival date (days after t01)

1300
1400
1500
1600
1700
1800
1900
2000
2100
2200

TO
F 

(d
ay

s)

0

100

200

300

400

500

600

700

800

900

Ba
llis

tic
 T

O
F 

(d
ay

s)

Results
(with ballistic capture)


