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ABSTRACT

The X-59 aircraft, or the Low-Boom Flight Demonstrator (LBFD) is a collaboration effort
between Lockheed Martin (LM) & National Aeronautics and Space Administration (NASA) to
tackle the challenge of the sonic boom. LM designed & built the X-59 under a contract from
NASA as part of the Quiet Supersonic Technology (QueSST) Mission. One of the main
objectives is to demonstrate that a sonic boom turns into a quite “thump” achieved through
aerodynamic shaping of its unique design of a long-nosed shape that manipulates shockwaves.
Once X-59 completes all the envelope expansion flights and validates the acoustic sonic boom
signature and prediction tools, then it will be flown over several United States cities to collect
community response data on the acceptability of the quiet sonic boom. NASA will provide this
community response data to regulators to help approve new rules that could allow future quiet
commercial supersonic flight over land, which has been banned since 1973.

The unique X-59 aircraft design has several aeroelasticity and aeroservoelasticity concerns due
to the long, slender fuselage, thin wings, large engine mass, and the lift distribution which makes
the aircraft statically unstable. All these concerns drove the need for a very accurate development
of the finite element model (FEM) and structural testing to validate the FEM used for the
aeroelasticity and aeroservoelasticity analyses to safely fly X-59.

X-59’s FEM was developed in NASTRAN and consists of three major segments, the wing,
fuselage and empennage which were continuously improved through the life cycle of the project
testing and analyses. Many structural ground tests, see list below, were conducted to improve
and validate the FEM over a course of four years.

* Landing Gear Calibration — Summer 2020
» Control Surface Actuation Calibration — Winter 2022
* Fuel Tank Relief Structural Test — Fall 2020



»  Cockpit Pressure Proof Test — Fall 2021

» Full Airframe Proof/Calibration Test — January 2022

 Stabilator Proof/Calibration Test — February 2022

» Control Surface Freeplay Test — July 2023

* Ground Vibration Test — July 2023

» Structural Coupling Test — Started August 2023, completed March 2024

Numerous aeroelasticity/flutter analyses were done using multiple aero models and codes for
independent verification, but all using the same structural FEM. Linear flutter analyses were
done in NASTRAN & ZAERO and CFD based flutter analyses were done in FUN3D, AEROM
Linearized Frequency Domain (LFD) solutions. Aeroservoelasticity (ASE) analyses were done
using the FEM and state-space models to minimize the feedback of the structural vibration
response through the flight control system. Due to the extremely long fuselage, several structural
frequency notch filters are applied to the X-59 control laws to reduce the feedback magnitude.

Prior to first flight, numerous integrated ground tests and taxi tests were done. The X-59
envelope expansion flights are an interdisciplinary plan of test points and maneuvers using a
flight test approach with a build-up in Mach and equivalent airspeed (KEAS) to clear the full
operational envelope. Flying a constant KEAS line allows dynamic pressure to be constant while
only increasing the Mach number. X-59 successfully flew it’s first flight on October 28, 2025.
This paper will describe X-59’s journey to show adequate aeroelastic & aeroservoelastic margins
for airworthiness clearance, so envelope expansion flights could begin to clear the aircraft’s
operational envelope for the desired Mach 1.4 at 55,000 feet for the community response testing.
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