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NASA’s Use of CTRL Ultrasound Sensors

• First launched in July 2001 for 

International Space Station

o To evaluate the integrity of the Orbiter 

to Airlock low and high-pressure 

interconnect lines

o In the evaluation of the Hatch seal 

integrity prior to the schedule 

pressurized leak check

• More than 30 Orbiter missions beginning 

in 2002 as standard troubleshooting tool

Presenter Notes
Presentation Notes
The UL101 Ultrasound Sensor is being utilized by NASA on the International Space Station and all of the Orbiters. The UL101, called Ultrasonic Leak Detector (ULD) by NASA, serves as a maintenance/contingency tool to determine leaks in the following areas: gas line connections, new valves, hatches and any other leak situations that arise. While on-orbit, other non-critical uses for the ULD Mission Kit (based on the success of demonstrated ground tests) will continue to be explored.
 
The ULD was first used to obtain real-time measurements to evaluate the integrity of the Orbiter to Airlock low and high pressure interconnect lines. It was also utilized in the evaluation of the Hatch seal integrity prior to the schedule pressurized leak check. 
 
As a result of the tests outlined in this document, the UL101 was certified for ISS Cargo Flight Safety. The certificate number is STS104/NASA/OP2/010. The UL101 may be stowed and used on the both the U.S. and Russian segments of the International Space Station. Copies of the certification and tests may be made available upon request to CTRL Systems, Inc.




The Science Behind Ultrasound Leak Detection

Turbulent Flow – Particles tumble due to pressure, volume, 
size & shape of the hole, etc. and creates ultrasound.

Laminar Flow – Particles run parallel and create no 
ultrasound.

Re=(ρ⋅ν⋅l) / η where:
Re Reynolds number dimensionless
ρ Density of the liquid or gas  [kg m-3]
ν Mean velocity of the flow [m s-1]
l Characteristic length  [m]
η Dynamic viscosity   [Pa s]

Re < 2,300 the flow will be laminar

Presenter Notes
Presentation Notes
How it works
When a pressurized gas escapes through a leak, it creates turbulence that produces high-frequency sound waves. Ultrasonic leak detection equipment uses microphones or transducers to detect these sound waves and convert them into electrical signals. The signals are then processed to filter out background noise and amplify the ultrasonic signals. 
Frequency
The sound waves produced by leaks are typically in the range of 20 kHz to 100 kHz, which is above the range of human hearing. 
Applications
Ultrasonic leak detection can be used for a variety of applications, including detecting leaks in compressed air, gas, and vacuum systems, as well as detecting partial discharge (corona, arcing, tracking), and mechanical faults for predictive maintenance including lubrication and bearing defects. 
Advantages
Ultrasonic leak detection is useful for many applications including predictive maintenance because it can identify small faults that may indicate larger issues. It can also be performed in open or enclosed areas, is very direction, and it can filter out audible background noise. 
Limitations
Ultrasound will not detect laminar flow, which is when fluid or gas travels smoothly in regular paths. Most leaks produce turbulent flow, but there are other variables that need to be considered. 
�



What Are Piezoelectric Transducers?

The Science Behind Ultrasound Leak Detection

Presenter Notes
Presentation Notes
Title: What Are Piezoelectric Transducers and how they work?

Content:
Piezoelectric transducers convert mechanical stress into electrical signals and vice versa.
Key material: Piezoelectric crystals like quartz, lead zirconate titanate (PZT), or PVDF.
Essential in airborne ultrasound applications for detecting high-frequency sound waves in the range of 20 kHz to several MHz.
Applications include leak detection, predictive maintenance in mechanical equipment like motor bearings and gearboxes, structural integrity monitoring, and electrical fault diagnostics.

Content:
Transmitting Mode:
An alternating current (AC) excites the piezoelectric crystal.
The crystal vibrates, producing ultrasonic waves that propagate through the air.
Receiving Mode:
Incoming ultrasonic waves cause the crystal to deform.
The deformation generates an electrical signal proportional to the wave.




Why Use Piezoelectric Transducers?

The Science Behind Ultrasound Leak Detection

• High sensitivity to ultrasonic frequencies.
• Compact and lightweight, ideal for handheld and 

remote devices.
• Wide frequency range for diverse applications.*
• Robust and reliable under various environmental 

conditions.
• Low power consumption, enabling long-term 

monitoring.

Presenter Notes
Presentation Notes
Title: Why Use Piezoelectric Transducers?
Content:
High sensitivity to ultrasonic frequencies.
Compact and lightweight, ideal for handheld and remote devices.
Wide frequency range for diverse applications.
Robust and reliable under various environmental conditions.
Low power consumption, enabling long-term monitoring.
Visuals: Comparison chart of piezoelectric transducers vs. alternative technologies (e.g., capacitive sensors).



Applications in Airborne Ultrasound

The Science Behind Ultrasound Leak Detection

Presenter Notes
Presentation Notes
Title: Practical Use Cases
Content:
Leak Detection: Identifying gas or air leaks in pressurized systems.
Electrical Fault Detection: Locating corona discharge, arcing, and tracking in high-voltage equipment.
Structural Health Monitoring: Detecting cracks, delaminations, and material fatigue.
Predictive Maintenance: Enabling early detection of mechanical failures in rotating machinery.
Visuals: Photos of piezoelectric transducers in use (e.g., detecting electrical faults in substations, monitoring pipelines).



Using Piezoelectric Transducers Effectively

The Science Behind Ultrasound Leak Detection

Presenter Notes
Presentation Notes
Title: Using Piezoelectric Transducers Effectively
Content:
Optimal Placement: Position transducers where ultrasonic waves are most likely to converge.
Calibration: Regularly calibrate devices for accuracy and reliability.
Environmental Considerations: Shield from excessive temperature, humidity, or dust.
Signal Processing: Use advanced software to analyze and interpret signals for actionable insights.
Visuals: Example setup for leak detection with labeled components (transducer, signal processor, display unit).



Using Piezoelectric Transducers Effectively

The Science Behind Ultrasound Leak Detection

UL101 Ultrasound Detector

Ultrasound Detector #1

Ultrasound Detector #2

Ultrasound Detector #3

Listening to a Steam Trap

Presenter Notes
Presentation Notes
Title: Using Piezoelectric Transducers Effectively
Content:
Optimal Placement: Position transducers where ultrasonic waves are most likely to converge.
Calibration: Regularly calibrate devices for accuracy and reliability.
Environmental Considerations: Shield from excessive temperature, humidity, or dust.
Signal Processing: Use advanced software to analyze and interpret signals for actionable insights.
Visuals: Example setup for leak detection with labeled components (transducer, signal processor, display unit).



Using The Ultrasound Leak Detector

Astronaut C. Michael Foale, 
Expedition 8 commander and 
NASA ISS science officer, 
performs in-flight 
maintenance (IFM) on the 
nadir window using the UL101 
ULD in the Destiny laboratory 
of the International Space 
Station (ISS).



Using The Ultrasound Leak Detector



Using The Ultrasound Leak Detector

2x, 5°

1.5x, <5°

Pinpoint

Concentrator Probes



Using The Ultrasound Leak Detector

Acoustic Extension Probes



Using The Ultrasound Leak Detector

Solid Probes

Software for Mechanical Diagnostics



Using The Ultrasound Leak Detector

PowerBeam 300 Parabolic Dish Attachment

300’ (95m), 1°



Using The Ultrasound Leak Detector

Ultrasound Transmitter

Overall Sound Pressure Level (OSPL) for the 
frequency range 10 Hz – 70 kHz at 60 cm was 
measured by NASA to be 99 dB



Next Generation Ultrasound

Ultrasound Acoustic Cameras
• MEMS Microphone array

• Beamforming

• Time of flight calculation

• Visualization

Applications
• Typically Handheld

• Leak Detection

• Partial Discharge Detection

Presenter Notes
Presentation Notes
An ultrasound acoustic camera, also called an acoustic imaging camera, works by using a microphone array to capture sound waves from different directions, then utilizing sophisticated signal processing to calculate the precise location of a sound source based on the time difference it takes for the sound to reach each microphone, effectively "visualizing" the sound source on a screen as an image, often highlighting the loudest areas with color variations; this technology is particularly useful for detecting ultrasonic sounds, like leaks in pipes or machinery, which are beyond the human hearing range. 
Key points about how an ultrasound acoustic camera works:
Microphone array:
The camera has a grid of many tiny, sensitive microphones strategically positioned to capture sound waves from various angles. 
Beamforming:
Advanced algorithms process the signals from each microphone to "focus" on sound waves coming from a specific direction, effectively isolating the sound source. 
Time of flight calculation:
By analyzing the time difference between when a sound wave reaches different microphones, the camera can determine the location of the sound source. 
Visualization:
The processed data is displayed as a visual image, often overlaid on a video feed, where the intensity of the sound is represented by color variations, allowing users to pinpoint the location of a noise source. 



Next Generation Ultrasound

Mounted Ultrasound Sensors

Presenter Notes
Presentation Notes
An ultrasound acoustic camera, also called an acoustic imaging camera, works by using a microphone array to capture sound waves from different directions, then utilizing sophisticated signal processing to calculate the precise location of a sound source based on the time difference it takes for the sound to reach each microphone, effectively "visualizing" the sound source on a screen as an image, often highlighting the loudest areas with color variations; this technology is particularly useful for detecting ultrasonic sounds, like leaks in pipes or machinery, which are beyond the human hearing range. 
Key points about how an ultrasound acoustic camera works:
Microphone array:
The camera has a grid of many tiny, sensitive microphones strategically positioned to capture sound waves from various angles. 
Beamforming:
Advanced algorithms process the signals from each microphone to "focus" on sound waves coming from a specific direction, effectively isolating the sound source. 
Time of flight calculation:
By analyzing the time difference between when a sound wave reaches different microphones, the camera can determine the location of the sound source. 
Visualization:
The processed data is displayed as a visual image, often overlaid on a video feed, where the intensity of the sound is represented by color variations, allowing users to pinpoint the location of a noise source. 



Next Generation Ultrasound

Mounted Ultrasound Sensors

Presenter Notes
Presentation Notes
An ultrasound acoustic camera, also called an acoustic imaging camera, works by using a microphone array to capture sound waves from different directions, then utilizing sophisticated signal processing to calculate the precise location of a sound source based on the time difference it takes for the sound to reach each microphone, effectively "visualizing" the sound source on a screen as an image, often highlighting the loudest areas with color variations; this technology is particularly useful for detecting ultrasonic sounds, like leaks in pipes or machinery, which are beyond the human hearing range. 
Key points about how an ultrasound acoustic camera works:
Microphone array:
The camera has a grid of many tiny, sensitive microphones strategically positioned to capture sound waves from various angles. 
Beamforming:
Advanced algorithms process the signals from each microphone to "focus" on sound waves coming from a specific direction, effectively isolating the sound source. 
Time of flight calculation:
By analyzing the time difference between when a sound wave reaches different microphones, the camera can determine the location of the sound source. 
Visualization:
The processed data is displayed as a visual image, often overlaid on a video feed, where the intensity of the sound is represented by color variations, allowing users to pinpoint the location of a noise source. 



Questions & Answers

UL101 in the hands of an astronaut on the ISS

Benjamin Fried
CTRL Systems, Inc.
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