
Sizing and Design Tool for Tall Lunar Tower

1

Kyongchan Song,1 Martin Mikulas,3 Matthew K. Mahlin,1

and Jacob T. Cassady2

1Structural Mechanics and Concepts Branch
2Flight Software Systems Branch

NASA Langley Research Center

Hampton, VA
3National Institute of Aerospace

Hampton, VA

AIAA SciTech Forum

January 23 - 27, 2023

National Harbor, MD



Outline
• Tall Lunar Tower (TLT) background
• Analysis process map
• Governing equations of truss tower
• Truss Configuration Utility (TCU) functionality and user interface
• Verification and Validation (V&V) study of TCU
• Summary

2



3

Project Background

Assemble-able trusses are compact for launch!
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Powering exploration at the Lunar South Pole

• Compact packaging for launch
• Robotic assembly with supervised autonomy
• 50-meter assembled tower height 
• High payload capacity (100 kW, communication, science)
• Enabling extreme surface access
• Enabling lunar construction

Project focus is on structural assembly of a tower structure
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Lander Based Mission Concept
Act 1 - Prepare Act 2 - Assemble Act 3 - Power
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Analysis Process Map
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Preliminary Tower 
Design Sizing

Tower design inputs

NASA Truss Configuration 
Utility (TCU)

Tower design output

Finite Element 
Model input

Abaqus FEM 
solver*

Finite Element 
Analysis results
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Thermal-Structural analysis
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* The use of trademarks or names of manufacturers in this
report is for accurate reporting and does not constitute an
official endorsement, either expressed or implied, of such
products or manufacturers by the National Aeronautics and
Space Administration



Governing Equations of TCU
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Longeron Euler bucking (PL) 𝑃 =
𝜋 𝐸  𝐼

𝑏
=

𝑀 + 𝑀  𝑔 𝑔

4

Tower Euler bucking (PT) 𝑃 =  𝑀 + 0.3𝑀  𝑔 𝑔 =  
𝜋 𝐸  𝐼

4 𝐻

Tower mass (Mtruss) equation 𝑀 =  𝐴  𝐻 𝜌 𝐽𝐹 4 + 4𝛽 + 5 2𝛽  

Parameters in the governing equations

Al Cross-section area of longeron Ec Elastic modulus of longeron

b Length of the longeron g Gravitational constant (9.8 m/sec2)

Il Longeron moment of inertia gf Planetary gravitational factor (1/6 for moon)

H Height of tower MPL Mass of payload at top of tower

 Area reduction factor battens and diagonals  Longeron density

JF Factor to account for joint mass



Governing Equations of TCU (Continued)
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Longeron Euler bucking (PL) 𝑃 =

𝜋 𝐸 
𝑡 1 − 6𝐿 + 8𝐿 − 4𝐿 + 2𝐿

12 2𝐿 − 1

𝑏 𝐹𝑆𝐿
=

𝑀 + 𝑀  𝑔 𝑔

4

Tower Euler bucking (PT) 𝑃 =  𝑀 + 0.3𝑀  𝑔 𝑔 =  
𝜋 𝐸 𝑏  2𝐿 − 1 𝑡

𝐹𝑆𝐸 4 𝐻
 

Tower mass (Mtruss) equation 𝑀 = 𝐴  𝐻 𝜌 𝐽𝐹 4 + 4𝛽 + 5 2𝛽  

𝐼 =
𝑡 1 − 6𝐿 + 8𝐿 − 4𝐿 + 2𝐿

12 2𝐿 − 1

Minimum moment of inertia (Ib) of the cross section 

Cross section area (A)

𝐴 = 2𝐿 − 1 𝑡

Length-to-thickness ratio  

𝐿 = L/t



TCU Functionality and User Interface
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• Developed to rapidly explore the 
preliminary design space and 
structural requirements in the 
lunar environment 

• The mass of tower, length of strut 
of each bay, and other modeling 
parameters are obtained



Tower Euler Bucking Due to Truss Weight (q) and Tip Load (P) 
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Timoshenko, Theory of Elastic Stability



Fundamental Frequency of Tower Due to 
Tip Mass (MPL) and Distributed Mass (q)
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Lateral Deflection of the Tower Tip
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Summary
• Tall Lunar Tower (TLT) and the development of a sizing and design 

tool, the Truss Configuration Utility (TCU) were presented
• Three governing equations of TCU were introduced
• Verification and validation (V&V) studies of the TCU were performed 

to determine if the TCU reliably sizes the truss structure based on
the inputs

• V&V studies of the TCU with finite element models proved that the 
TCU was capable of defining a TLT structure when given a desired tip 
payload, structure height, and material properties
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