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Summary

I. Example – rocket launch.

II. Description of the script.

III. Low thrust maneuver.

2



• Source:

https://apmonitor.com/wiki/index.php/Apps/RocketLaunch
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I. Example to verification – rocket launch

https://apmonitor.com/wiki/index.php/Apps/RocketLaunch
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I. Example to verification – rocket launch

0.0 ≤ 𝑣(𝑡) ≤ 1.7

−1.1 ≤ 𝑢 𝑡 ≤ 1.1

0.2 ≤ 𝑚 𝑡 ≤ 1.0

𝒎𝒊𝒏(𝒕𝒇)

Subject to:

ሶ𝑠 = 𝑣

ሶ𝑣 =
𝑢 − 0.2𝑣2

𝑚

ሶ𝑚 = −0.01𝑢2

𝑣

𝑢 0.2𝑣2

𝑠 𝑠 𝑡0 = 0.0

𝑣 𝑡0 = 0.0

𝑚 𝑡0 = 1.0

𝑠 𝑡𝑓 = 10.0

𝑣 𝑡𝑓 = 0.0
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II. Structure of the script
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III. Low thrust orbital transfer

ሶ𝑅 = 𝑉 sin 𝛾 (1)

ሶ𝜃 =
𝑉 cos 𝛾 cos 𝐴

𝑅 cos 𝜑
(2)

ሶ𝜑 =
𝑉 cos 𝛾 sin 𝐴

𝑅
(3)

 ሶ𝑉 =
𝑇 cos 𝛼

𝑚
− 𝑔 sin 𝛾 (4)

ሶ𝛾 =
𝑇 sin 𝛼

𝑚𝑉
−

𝑔 cos 𝛾

𝑉
+

𝑉 cos 𝛾

𝑅
(5)

ሶ𝐴 = −
𝑉 tan 𝜑 cos 𝐴 cos 𝛾

𝑅
(6)

𝑉
𝛾

𝑅

𝑇
𝛼

𝑔

𝑼 𝑇 𝑡 , 𝛼(𝑡) (8)

ሶ𝑚 = −
𝑇

𝑉𝑠𝑝
 (7)



The Optimal Control Problem - Constraints
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𝑡0 < 𝑡 ≤ 𝑡𝑓

500 𝑠 ≤ 𝑡𝑓 ≤ 2000 𝑠

400 𝑘𝑚 ≤ ℎ 𝑡 ≤ 402 𝑘𝑚

𝑉𝑐𝑖𝑟 ≤ 𝑉(𝑡𝑓)

−180 𝑑𝑒𝑔 ≤ 𝜃 𝑡 ≤ 180 𝑑𝑒𝑔

−90 𝑑𝑒𝑔 ≤ 𝜑 𝑡 ≤ 90 𝑑𝑒𝑔

−20 𝑑𝑒𝑔 ≤ 𝛾 𝑡 ≤ 20 𝑑𝑒𝑔

0 𝑑𝑒𝑔 ≤ 𝐴 𝑡 ≤ 359.9 𝑑𝑒𝑔

𝑚𝑚𝑖𝑛 ≤ 𝑚(𝑡) ≤ 𝑚𝑚𝑎𝑥

−180 𝑑𝑒𝑔 ≤ 𝛼 𝑡 ≤ 180 𝑑𝑒𝑔

0 𝑁 ≤ 𝑇 𝑡 ≤ 0.5 𝑁



17

• Initial conditions:

• Altitude: 400 km

• Velocity:  7802.88 m/s

• FPA: 0°

• Final conditions:

• Altitude: 402 km

Objective: Final time minimization.

𝑱 = min
𝑡𝑓

(𝑡)
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Script
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Results
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Results
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• Final conditions:

• Altitude: 401 km

• Velocity:  7667.45 m/s

• FPA: 0° Objective: Final time minimization.

𝑱 = min
𝑡𝑓

(𝑡)

Fixing final conditions

𝑡0 < 𝑡 ≤ 𝑡𝑓

2000 𝑠 ≤ 𝑡𝑓 ≤ 4000 𝑠
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Thank you!

Questions?
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