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A. ACCIDENT 

Location: Louisville, Kentucky 
Date: November 4, 2025 
Time: 1715 Eastern Standard Time (EST) 
 2215 Coordinated Universal Time (UTC) 
Airplane: McDonnell Douglas MD-11F, UPS Airlines, N259UP 

B. CVR SOUND SPECTRUM SPECIALISTS 

Specialist Michael Portman 
 Senior Aerospace Engineer – Recorder Specialist 
 National Transportation Safety Board (NTSB) 
 

Specialist Charles Cates 
 Senior Mechanical Engineer – Recorder Specialist 
 NTSB 

C. DETAILS OF THE INVESTIGATION 

A sound spectrum group was not convened. 

The NTSB Vehicle Recorder Division received an Acron Aviation FA2100 
cockpit voice recorder (CVR) recovered from the accident airplane. For more details 
on this CVR, see the Cockpit Voice Recorder – Group Chair’s Factual Report, in the 
docket. 

1.0 Purpose of Study 

The purpose of this study was to attempt to identify a cockpit ambient sound 
that the Cockpit Voice Recorder group was unable to identify in the CVR group 
process. This high pitch ringing sound, primarily noted at approximately 6.35 kHz, 
occurred at 17:13:05.5 EST, shortly after the aircraft rotated for takeoff, and 
continued with varying amplitude throughout the remainder of the recording. 
Additionally, a tone at about 2.1 kHz was present along with the ringing that could 
not be identified. 

 
Throughout the entire recording, there were significant power tones and 

digital noise in the cockpit area microphone (CAM) that consumed much of the 
recording’s dynamic range, severely attenuating the remaining signals. These tones 
and noise could be filtered out, but the remaining sounds were distorted with a low 
signal to noise ratio.  
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2.0 CVR Continued Airworthiness Requirements 

In accordance with 14 CFR 25.1529, an aircraft’s CVR system shall be 
periodically inspected per manufacturer’s recommended procedures. The Federal 
Aviation Administration (FAA) has published guidance for developing continued 
airworthiness requirements of a CVR system to ensure retention of intelligible 
recordings in advisory circular AC 20-186A. Included in the AC is the 
recommendation to replay audio recordings and check the “intelligibility of all 
recorded channels…during all phases of flight (such as taxi, takeoff, cruise, and 
landing).” 

 
UPS follows Boeing MD-11 AMM task 23-70-00 for the operational test of the 

cockpit voice recorder system. The operational test involves pressing the CVR test 
button and speaking into microphones while listening through a headset installed in 
the cockpit while the aircraft is powered on the ground. The task does not include 
instructions to download and evaluate the CVR recording itself. 

3.0 Field Test 

The test was conducted on January 6, 2026, at a UPS Airlines maintenance 
facility at Louisville Muhammad Ali International Airport (SDF), Louisville, Kentucky, 
aboard a UPS MD-11F, N251UP (see figure 1).  

 

 
Figure 1. The test aircraft, N251UP. 

 
N251UP was equipped with GE engines, an Acron Aviation FA2100 Cockpit 

Voice Recorder, and a Cockpit Area Microphone, Fairchild model A152B, PN 
93A1520-20, similar to the accident aircraft. The CAM was installed on the overhead 
panel above and slightly right of the captain’s seat, as shown circled in red in figure 2. 
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The aircraft was powered with ground power when the test participants 
arrived. The 115 VAC R emergency bus was confirmed energized, powering the 
installed CVR. A Boeing acoustic engineer fitted the aircraft with a calibrated 
instrumentation recorder, supplied by Boeing (HEAD acoustics, SQuadriga III, SN 
33242048, see setup when installed on flight deck in figure 2). The instrumentation 
recorder recorded audio at a higher fidelity than the CAM, with wiring independent 
of the aircraft’s electrical systems. This was done to ensure audio would be recorded 
both from the aircraft’s audio recording system and CVR as well as from a 
standardized recording platform, to further examine the effects of the aircraft’s 
electrical systems on the CVR recording. 
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Figure 2. Setup of the instrumentation recorder, with the Boeing-supplied instrumentation recorder 
microphones highlighted in red. 
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Half-inch instrumentation microphones were installed on the captain’s right ear 

position and the floor of the flight deck near the pedestal on the captain’s right side. 
An additional quarter–inch instrumentation microphone was placed adjacent to the 
aircraft’s installed cockpit area microphone position. Setup and operation of the 
instrumentation recorder was performed by a Boeing acoustic engineer. All testing 
work was performed by an MD-11 technical pilot and certified Aviation Maintenance 
Technicians, all from UPS Airlines. 

 
First, an operational test of the engine/auxiliary power unit (APU) fire system 

was performed in accordance with the flight crew operations manual (FCOM) page 
NP.30.6, which sounded the engine fire warnings for each engine and the APU. Next, 
the Engine 1 fire system was isolated, and the test was repeated to produce the alert 
from an Engine 1 fire warning. 

 
After this test was completed, a stick shaker system test was performed in 

accordance with the MD-11 AMM task 27-35-10-741-801. The test was then repeated 
with the flight recorder sensor power circuit breakers closed. Of note, this test 
triggered the stick shakers in each control column individually, left side first, right side 
second, rather than simultaneously, as would happen in a real-world activation of the 
stick shaker system. 

 
The aircraft was then powered off and the CVR was removed for download. The CVR 
was an Acron Aviation FA2100 (PN 2100-1025-22, SN 000729106) and is shown in 
figure 3. The recorder was transported to the NTSB’s Vehicle Recorder Laboratory 
and was downloaded normally. 
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Figure 3. CVR from the test aircraft. 

The test audio was reviewed using the Izotope software’s spectrogram view. 
The fire warning and stick shaker sounds recorded during the test were both 
reviewed and characterized for comparison to the accident CAM recording. 
Additionally, a comparison was made between the CVR test recording and the 
Boeing evaluation recording to examine the effects of the exemplar aircraft’s audio 
system on the CVR recording. 

4.0 Data Description and Analysis 

A spectrogram of the CVR CAM channel during the accident flight from the 
beginning of the takeoff roll through the end of the recording is shown in figure 5. 
Analysis of the accident CAM recording was hampered by a strong 400 Hz power 
tone with associated harmonics throughout the spectrum that consumed the majority 
of the available dynamic range of the recording. Additional ringing noise was also 
present at various times through the recording at approximately 4.25 kHz and 6.4 kHz 
(lowering in frequency to 6.35 kHz near the end of the flight). 4.25 kHz is not in the 
harmonic orders of the 400 Hz power tone and the intensity of both of these tones 
was higher than any of the power harmonics. The source of these ringing tones could 
not be determined. 

Recordings from the exemplar aircraft CVR had similar audio qualities with 
limited signal dynamic range due a strong 400 Hz power tone and a full spectrum of 
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power harmonics. The higher-frequency ringing present in the accident recording 
was also present at the same frequencies on the exemplar aircraft CVR. Adequate 
dynamic range was present to capture the acoustic features of interest during the 
ground test, however a noisier environment similar to the accident flight with engine 
and aerodynamic noise would have presented a similar challenge to the intelligibility 
of the recording.  

 
During the test, as part of an AMM task, the circuit breaker for flight control 

computer 1 was pulled, and much of the ringing tone’s amplitude decreased in the 
CVR recording. The recordings obtained from the Boeing instrumentation recorder 
did not exhibit 400 Hz power tones or other ringing tones, providing much greater 
dynamic range for acoustic analysis. 

4.1 Fire Warnings 

The fire warning test was characterized by a ringing bell sound followed by a 
level three aural tri-tone alert and an aural callout of the engine with the issue. Fire 
warnings for all three engines were recorded during the test.  

The ringing bell sound was characterized by pulsing frequency content at 1.3 
kHz, 2.8 kHz, and 3 kHz. The level three aural tri-tone alert was a distinctive series of 
tones characterized by alternating frequencies from 500 Hz to 3.1 kHz.  

During the pre-flight activities recorded by the CAM in preparation for the 
accident flight an example of the fire warning test was positively identified.  

Comparing the spectral data recorded on the exemplar aircraft to the accident 
flight, both filtered and unfiltered, showed no similarities between the exemplar fire 
bell portion of the warning and any data recorded during the accident sequence. 
However, the level three aural tri-tone alert was present in the accident recording at 
17:13:27.2 EST with no bell or subsequent aural callout.  

4.2 Stick Shaker 

The stick shaker test consisted of each stick shaker firing individually, first the 
left seat, then the right. The sounds were characterized by a smeared mechanical 
pulsing noise with a pulsing frequency of approximately 15 cycles per second. The 
left stick shaker sound contained a fundamental frequency of approximately 1.6 kHz, 
with additional tones at 2.2 kHz and 3.2 kHz. The right stick shaker sound contained a 
fundamental frequency of approximately 1.2 kHz, with additional tones at 3.2 kHz and 
4.7 kHz. These pulsing tones ramped up briefly at the beginning of the test. 

 
Comparing the spectral data resulting from stick shaker activation recorded on 

the exemplar aircraft to the accident flight yielded no positive correlation. The 
accident flight recording contained a tone at 2.2 kHz of undetermined origin that was 
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not replicated during the ground test. No significant identifying characteristics of the 
stick shaker could be identified in the accident flight recording. 

 

D. FIGURES 

Figure 5 represents a spectrogram view of the accident CVR CAM. 

Figure 6 represents a spectrogram view of the exemplar aircraft CVR CAM 
during the engine fire test. 

Figure 7 represents a spectrogram view of the exemplar aircraft CVR CAM 
during the stick shaker test. 

Figure 8 represents a spectrogram view of the engine fire test as recorded by 
the Boeing instrumentation recorder. 

Figure 9 represents a spectrogram view of the stick shaker test as recorded by 
the Boeing instrumentation recorder. 
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Figure 4. Spectrogram view of the accident CVR CAM. 
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Figure 5. Spectrogram view of the exemplar aircraft CVR CAM during the engine fire test. 
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Figure 6. Spectrogram view of the exemplar aircraft CVR CAM during the stick shaker test. 
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Figure 7. Spectrogram view of the engine fire test as recorded by the Boeing instrumentation recorder. 
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Figure 8. Spectrogram view of the stick shaker test as recorded by the Boeing instrumentation recorder.
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Submitted by: 
 
 

Michael Portman 
Sr. Aerospace Engineer – Recorder Specialist 
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