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Design a time-

optimal, low-thrust 

spiral descent from a 

750 km to a 200 km 

orbit around 16-

Psyche.

Fully couple solar 

power generation, 

VSI electric 

propulsion, and 

dynamic mass-area 

penalties.

Quantify the 

multidisciplinary 

trade-off between 

solar array sizing, 

spacecraft mass, and 

time of flight in a 

power-starved 

environment.

Purpose



• Low gravity enables effective continuous low-thrust

• Weak sunlight at 2.9 AU forces power–trajectory 
coupling

• Mission is power-limited due to realistic solar & 
thruster models

• Includes solar degradation, PPU limits, and thrust 
smoothing

• The Problem: Traditional decoupled design assumes 
infinite power availability or fixed spacecraft mass, 
yielding physically infeasible trajectories in deep 
space.

Significance & Novelty



• Low-thrust spacecraft–trajectory co-optimization with direct methods and coupled design variables [1]

• Integrated SEP vehicle models linking solar power, propulsion performance, and long-duration orbit 

transfers [2]

• Trajectory and energy-management simulator coupling EP performance, power allocation, and 

guidance [3]

• Dymos/OpenMDAO-based low-thrust trajectory optimization with gravity-assist capability [4]

Literature Review
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XDSM Diagram





Physics-Based Power & Propulsion Models



Dynamic Spacecraft Mass-Area Coupling



• Merges trajectory, power, and thrust models.
• Thrust limited by available power.
• Mass decreases over time.
• Produces valid spiral descent.

Coupled Dynamics



• Fast Fourier Series (FFS) 
method to generate a smooth 
initial trajectory.
• Produces radius, velocity, 
angle, mass, thrust, and direction 
profiles.
• Ensures the optimizer starts 
from a feasible trajectory.
• Reduces convergence failures 
and improves solver stability.

Initial Guess Trajectory



• Uses direct collocation to transcribe the ODE.

• IPOPT solves the resulting nonlinear program.

• OpenMDAO manages derivatives.

• Couples power, thrust, and trajectory inside the optimization framework.

Optimal Control with Dymos



Objective is to minimize time of flight.

Optimization Problem Formulation



Optimization Constraints



•Low-thrust spiral descent from 750 km → 200 km.

•Assumption of Constant Specific Impulse: 1800s.

•Thrust direction slowly rotates inward.

•Final arc circularizes the 200 km orbit.

Simulation Results (Initial Guess)



● Final time: ≈74837.72 s
● Final radius: = 200 km
● Final mass: ≈417.34 kg
● Final tangential velocity: 89.829 m/s
● Final Angular Position:  14.563 rad
● Number of revolutions: ≈ 2.318

Optimizaed Trajectory –Only Model



● Final time: = 59815.55 s
● Final radius: = 200 km
● Final mass: ≈462.67 kg
● Final tangential velocity: 89.458 m/s
● Final Angular Position:  8.479 rad
● Number of revolutions: ≈ 1.33

Optimizaed Coupled Model



Variables Initial Guess
(FFS)

Optimized Result 
(Trajectory only)

Optimized Result 
(Coupled)

Final Time 81000 s 74837.72 s 59815.55 s

Initial Wet Mass 418 kg 418 kg 464.08kg

Final Mass 417.54 kg 417.34 kg 462.67 kg

Propellant Consumed 0.46 kg 0.66 kg 1.41 kg

Number Of Rev. 2.5 2.31 1.33

Area of Solar Pannel 50.00 m^2 50.00 m^2 79.79 m^2

Model Comparison

Reduction in TOF by 20.07% but an increment in Propellant consumption by 113.6%.



•Fully coupled low-thrust MDO framework implemented.

•Feasible spiral descent achieved under power limitations.

•Smooth thrust and realistic mass evolution obtained.

Summary



Next Steps

●Alternative Objective Functions:

– Minimizing fuel consumption.

●High-Performance Computing (HPC):

– Enables increased segments, tighter tolerances and higher iterations for higher-

confidence results.

●System Fidelity:

– Incorporate additional subsystems (e.g., thermal control, attitude determination) 

into the MDO framework.
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