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Innovative Techniques

Identification of Noise Sources During Launch
Using Phased Array Microphone Systems

Every part of a launch vehicle, launch pad, and ground oper-
ation equipment is subjected to the high acoustic load gener-
ated during lift-off [1]. Therefore, many extreme measures are
taken to try to suppress this acoustic environment by damp-
ing with a water deluge system and diverting engine plumes
away from the vehicle via flame trenches. Even single decibel
reductions of the acoustic levels can translate into a sizable
reduction of acoustic loadings, certification needs, operation-
al costs, and even vehicle weight. Therefore, lowering the
acoustic level via various mitigation schemes is an important
aspect of a launch pad design.

In 2011 and 2012, the NESC sponsored research into the
effectiveness of a microphone phased array (MPA) to identify
noise sources and tested the array during an Antares launch
from the Wallops Flight Facility [2]. This simple prototype
array was able to identify impingement-related noise sources
during the launch.

Today, building on this previous work, a new open-space truss
MPA architecture is in development and test for use during the
Artemis Il launch. This truss structure consists of an aluminum
tubular frame holding 70 microphones mounted in optimized
positions over a dome-shaped surface (Figure 1). The cen-
ter canister structure holds visible and infrared cameras as
well as the amplifier electronics that transfer and relay micro-
phone signals out to data cables that send information to the
ground-mounted data acquisition system. The collected data
are postprocessed using a functional-orthogonal beamforming
routine that minimizes the effects of side lobes and reflections
on the acoustic signal [3]. This produces a much cleaner im-
age of primary noise impingement sources emanating from
the vehicle and launch pad structures.
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Figure 1. Overall view of the MPA, cable bundle, and data acquisition cabinet.
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The NESC activity is performing verification and validation
tests to determine the MPA's environmental survivability and
validate the beamforming capability. This is being done using
a phased testing approach. Phase 1 testing performed at ARC
elevated the MPA (Figure 2) and used horns and speakers of
known intensity to ensure its ability to identify and separate
noise sources (Figure 3).
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Figure 2. Setup for the outdoor test using a train horn and a long-range acoustic
device (LRAD) speaker. The MPA was raised to test heights by a Telehandler.

In phase 2, the system was subjected to an actual engine
noise environment during a static fire test at SSC. The MPA
viewed the A-1 engine test stand during an RS-25 engine test
from 460 feet, a similar distance from KSC Pad 39B to the
lightning tower, where the MPA will be mounted for Artemis |l
(Figure 4). Results successfully identified and pinpointed the
transient engine acoustic sources during the test (Figure 5).

The final test occurred during the NG-19 Antares launch from
the Wallops Flight Facility in July 2023. The MPA tracked the
plume and acoustic environment during the launch, showing
transition from initial engine thrust to the overpressure envi-
ronment flowing from the flame trench as the vehicle lifted off
(Figure 6). The array was able to collect meaningful data while
mounted outside, under acoustic conditions similar to those

=

(a) Conventional 1338 Hz

(b) Func-Orth 1338 Hz

-15 -10 -5 0 5 10 15
Look angle in x (deg)

=]

(c) SEM =1338 Hz

N

Identified Source

: '-/ Reflection
- fay”

Look angle in y (deg)

S ®wo 2N O

-15 -10 -5 0 5
Look angle in x (deg)

Figure 3. Comparison between different beamform schemes at a fixed
f=1338 Hz with array center 100 ft. horizontal and 10 ft. above LRAD speaker.
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expected during the Artemis Il launch and also subjected
to heat, humidity, salt air, and extreme weather.

Next, the MPA will be deployed at KSC for the Artemis |l
launch to measure the acoustic impingement and identify
critical noise sources during that event. The data collected
will help further refine and optimize the sound suppression
systems for Artemis Ill and future launches.
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Figure 4. Scaffold system used to mount MPA and location of the array with
respect to the SSC A-1 test stand. Right Image Credit: Google Maps
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Figure 5. Noise sources identified at the indicated third-octave
center frequencies using functional-orthogonal beamform.
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Figure 6. Time evolution of noise source generation during the NG-19 launch. The acoustic intensity of the redirected
flow from the flame trench opening evolves to become a much stronger noise source, while acoustics from the plume are
effectively mitigated by the sound suppression on the launch pad surface.
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