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Page 10, Section 3, first paragraph: Remove the words “TBD Restore” from the first sentence so the sentence reads:
After organizing the equality, inequality, and optimization matrices, the simplex method is then applied using the scipy.optimize.
linprog() library in PythonTM.
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Abstract

This paper presents a static analysis tool used to evaluate the controllability of
Lunar landers. This was created as part of the NASA Lunar CATALYST program.
This tool is capable of accepting typical design information such as location and
direction of thrusters, maximum thruster forces, gravity vectors, and center of mass
locations. The tool evaluates how far the center of gravity can move from its starting
position while still maintaining control. This analysis is intended to support results
produced by time domain simulations.

Nomenclature

Acronyms

ACS attitude control system
CG center of gravity
CoM center of mass
Lunar CATALYST Lunar Cargo Transportation and Landing by Soft Touchdown
PWM pulse width modulation
SC spacecraft

Symbols

CG[max maximum allowable change in the location of the center of
gravity

Isp Speci�c ImpulseM number of attitude control system thrusters on the systemN number of primary thrusters on the system

1 Introduction

This paper presents the design of a tool that can assess the controllability of lunar
landers. This tool is compatible with PythonTM3.x and is designed to determine
where the center of gravity (CG) of the spacecraft (SC) can be placed to ensure
that the lander remains stable. This is performed by evaluating thruster locations,
orientation, and thruster force through a static equilibrium approach where forces
and moments are balanced. Solving this problem is accomplished by using linear
programming and image processing techniques. The problem the tool was applied
to was lunar landers, however, the tool can be changed to accept other landing
scenarios. The tool can present a �rst cut at evaluating the controllability of a
lander system during two phases of descent: vertical descent and hover (Figure 1).
Both of these phases have di�erent constraints on the static balance, which are
inputs to the tool. The CG location is an output of this analysis because the CG
can be altered by moving the location of installed equipment on the lander. This
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