
Sensor-Based Failure Detection in Aircraft Systems 

Introduction 

Modern aircraft are equipped with an extensive network of sensors to monitor critical 
systems and detect component failures before they pose a safety risk. These sensors 
continuously track parameters in engines, hydraulic systems, avionics, and more, providing 
real-time insight into the aircraft’s health. By detecting anomalies early, such systems 
enable predictive maintenance – addressing issues before they lead to unexpected failures 
– which enhances flight safety and minimizes downtime. Data from onboard sensors is 
analyzed by health monitoring systems and often transmitted during flight to ground crews 
via datalinks such as ACARS (Aircraft Communications Addressing and Reporting System) 
or satellite links. This essay examines how sensors in engines, hydraulics, and avionics 
work to detect failures, what data they monitor, how anomalies are identified, and how the 
information is processed and relayed to ground teams. It also discusses the impact of real-
time failure reporting on safety, maintenance efficiency, and overall aircraft reliability, with 
examples of current technologies in commercial and military aviation. 

Engine Health Monitoring Sensors 

Aircraft engines (particularly turbine engines) incorporate dozens of sensors to monitor 
their operation and detect signs of trouble. These include temperature probes, pressure 
transducers, speed sensors, flow meters, and accelerometers placed at key points in the 
engine. For example, sensors measure exhaust gas or turbine inlet temperature, oil 
pressure, fuel flow, and the rotational speeds of compressor and turbine shafts. Vibration 
sensors on the engine’s fan, compressor, and turbine shafts continuously measure 
oscillations in rotating components. An abnormal increase in vibration can indicate issues 
like rotor imbalance, misalignment, or a failing bearing. If, say, a fan blade is damaged and 
causes imbalance, vibration sensors will detect the unusual pattern and trigger an alert; 
maintenance crews on the ground can be notified in real time to inspect the engine before 
the issue becomes catastrophic. 

Other engine sensors track the oil system’s health (for instance, chip detectors use 
magnetic sensors in the oil to catch metallic debris from wear) and fuel system 
performance. The engine’s electronic control unit (FADEC) and condition monitoring 
system continuously compare sensor readings against normal ranges. If a parameter 
exceeds safe limits – for example, turbine temperature too high or oil pressure too low – an 
onboard alert is generated for the crew, and the event is logged. Many engines also record 
subtle trends: for instance, gradual loss of compressor efficiency or steadily rising vibration 
over many flights. These trends are signs of developing faults. The Engine Health Monitoring 
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(EHM) systems used by manufacturers like Rolls-Royce track numerous engine 
characteristics (temperatures, pressures, speeds, flows, vibration levels) to ensure 
they stay within tolerance or highlight when they are not. Detected anomalies can trigger a 
snapshot of engine data to be captured and transmitted to ground analysis systems. This 
combination of threshold exceedance alarms and trend analysis allows incipient engine 
problems to be identified early. For example, continuous temperature and pressure 
monitoring across compressor and turbine stages can reveal small efficiency losses; if a 
sensor detects a sudden drop in pressure at a certain stage or an EGT (exhaust gas 
temperature) spike, it may indicate a compressor stall or hot section damage, prompting 
maintenance intervention. 

Hydraulic System Monitoring 

Hydraulic systems – which power flight controls, landing gear, and brakes – are also fitted 
with sensors to detect failures like leaks or pump malfunctions. Key parameters include 
fluid pressure in hydraulic lines, fluid quantity in reservoirs, and fluid temperature. Pressure 
transducers on hydraulic lines and actuators constantly measure system pressure. A 
significant drop in pressure or fluid quantity is a strong indicator of a leak or a pump failure. 
In modern aircraft, if hydraulic pressure falls below a threshold, or if fluid level in a 
reservoir drops, the monitoring system will flag the affected hydraulic system and alert the 
crew. For instance, sensors might detect a loss of pressure in System A during flight, 
prompting the crew to follow procedures to isolate that system and rely on backups. On the 
ground, the maintenance team would have already been notified of the issue. Real-time 
health monitoring systems use these sensors to catch problems early: “Sensors monitor 
hydraulic fluid levels, pressure, and pump performance, detecting leaks and deviations to 
maintain system reliability and prevent failures.”. An example is leak detection – if sensors 
observe an unexpected pressure drop and corresponding fluid loss, an alert is generated so 
that maintenance can inspect seals and lines before a minor leak becomes a major failure. 

Besides leak detection, hydraulic pumps are monitored for performance and efficiency. An 
electric pump’s current draw or a pump outlet pressure sensor can reveal if the pump is 
straining or underperforming. Continuous monitoring of pump outlet pressure and fluid 
temperature ensures the hydraulic system operates within safe parameters. If a pump 
begins to wear out, it might show slightly lower pressure or higher operating temperature; 
the system’s sensors would detect this deviation from the norm. Such anomalies can then 
be addressed in a scheduled maintenance slot, preventing an in-service failure of the 
hydraulic system. In short, by using pressure sensors, temperature sensors, and fluid level 
sensors, aircraft can detect progressive or sudden hydraulic failures (a drop in pressure 
might signify a failing pump or burst line) and trigger warnings accordingly. 
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Avionics and Electrical System Monitoring 

Avionic systems (navigation, communication, flight control computers, etc.) and electrical 
power systems are monitored in a different way: through built-in self-test and diagnostic 
sensors. Modern avionics include Built-In Test Equipment (BITE) – automated test circuits 
and software that continuously monitor the health of electronic components. BITE acts as 
an internal sensor system for avionics, checking voltages, digital signals, and component 
responses. It is “designed to detect faults, failures, and suboptimal performance, enabling 
timely maintenance and repairs to ensure the safety and efficiency of aircraft operations.”. 
In practice, the avionics BITE will run periodic checks or continuous diagnostics on 
systems like the autopilot, flight management system, or inertial sensors. If a fault is 
detected – for example, a comparison between multiple redundant sensors shows one 
disagreeing, or an internal component reports an error – the system isolates the fault and 
logs a maintenance message. These fault messages (often called “Built-In Test fault 
codes”) are then available to the crew (sometimes via the central maintenance computer) 
and can be downlinked to ground. 

Continuous monitoring of avionics can catch issues that might not yet be apparent to the 
pilots. For instance, an aircraft might have three inertial reference units (IRUs) feeding the 
navigation system. If one IRU’s drift rate or output deviates beyond normal bounds, the 
BITE flags it as faulty and the system automatically reverts to the other two, ensuring 
redundancy. On the ground, maintenance will replace or fix the faulty unit. Health 
monitoring extends to electrical systems as well: sensors measure generator output, bus 
voltages, and battery status. If a generator is producing low voltage or a bus is drawing 
abnormal current, the system will detect it. Real-time health monitoring frameworks 
integrate these checks. As one example, an aircraft’s health monitoring system 
“continuously monitors the performance of avionics systems, identifying faults in real-
time… if a sensor detects an anomaly in the flight control system, it can alert the 
maintenance team to investigate before it affects operations.”. This could be a case where 
a flight control computer’s self-monitoring detects a misbehaving sensor (like a faulty 
gyroscope) and sends an alert for preemptive replacement. Additionally, monitoring of 
backup batteries (for emergency power) is crucial: sensors track battery charge level, 
temperature, and discharge rate, which helps predict battery failure so it can be replaced 
before it can’t hold backup power. In summary, avionics rely on internal sensors and test 
routines to ensure each electronic component is functioning correctly, with any anomalies 
(voltage out of range, module unresponsive, etc.) immediately detected and reported for 
maintenance. 
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Data Processing and Transmission to Ground 

Having numerous sensors is only part of the solution – the data must be processed into 
meaningful information and often shared with ground crews in real time. Modern aircraft 
use onboard computing systems (such as an Aircraft Condition Monitoring System, or a 
Central Maintenance Computer) to aggregate sensor data and perform initial analysis. The 
condition monitoring system looks for exceedances (readings outside normal limits) and 
trends that indicate degradation. When an anomaly is detected, the system may generate a 
detailed fault message or a snapshot of relevant sensor data. These messages can then be 
transmitted in-flight to ground maintenance teams via ACARS or satellite 
communications. ACARS is a digital datalink that can automatically send short reports 
from the aircraft to maintenance bases in real time. For example, if an engine exceeds a 
temperature limit or an avionics unit fails a self-test, the aircraft’s ACARS can uplink a 
message with the fault code and key sensor readings. According to the ACARS standard, it 
is used to transmit “information from the aircraft to ground stations about the conditions of 
various aircraft systems and sensors in real time,” including maintenance faults and 
abnormal events. These messages are typically sent over VHF radio or satellite to ensure 
coverage worldwide. 

In practice, many airlines configure their aircraft to automatically downlink health data at 
certain phases of flight or when triggered by faults. For instance, an Aircraft Condition 
Monitoring System might be set to send a telemetry burst during cruise or immediately 
after an engine shutdown if any parameters were out of limits. In the event of a serious fault 
or exceedance, an immediate ACARS alert can be sent without waiting. This real-time data 
link allows ground engineers to begin assessing the situation while the flight is still in 
progress. If the aircraft is outside VHF coverage (e.g. over oceans), the ACARS system 
switches to satellite communication, ensuring that critical fault data still reaches the 
airline’s operations center. A notable example is Rolls-Royce’s engine health monitoring 
service, which uses satellite feeds to transmit engine sensor data to their ground 
operations centers. Rolls-Royce’s global Aerospace Operations Centre in Derby can “track 
the health of thousands of engines operating worldwide by using onboard sensors and live 
satellite feeds.”. Airbus’s newest aircraft take this even further: the A320neo, for example, 
can stream over 20,000 parameters in real time via a high-speed data router (FOMAX) 
integrated with ACARS, as part of Airbus’s Skywise Health Monitoring platform. This data is 
sent to cloud-based analysis systems on the ground which apply algorithms to detect any 
emerging problems. Such advanced systems effectively make the aircraft an Internet-of-
Things device in the sky, continuously reporting its own status. Whether via traditional 
ACARS or newer IP-based links, the result is that maintenance crews on the ground are 
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often aware of a developing issue before the aircraft lands, allowing them to prepare 
accordingly. 

Once the data reaches the ground, it is processed by maintenance software and engineers. 
Automated analysis looks for trends or patterns (for example, comparing this flight’s engine 
performance to historical data). If an anomaly is confirmed, the system may recommend 
specific actions – for instance, “engine #2 high vibration – borescope inspection 
recommended.” In airline operations centers, engineers use these real-time reports to have 
the right spare parts and technicians ready when the aircraft arrives. In our engine vibration 
example, knowing about the damaged fan blade in flight means by the time the aircraft 
lands, a replacement blade (or engine) and maintenance team can be standing by, 
minimizing turnaround time. 

Impact of Real-Time Failure Reporting 

Flight Safety: The foremost benefit of sensor-driven failure detection is improved safety. By 
catching failures early, sensors help prevent in-flight emergencies. If a critical parameter is 
trending poorly (say rising turbine vibration or falling hydraulic pressure), the crew can be 
alerted to take action (such as throttling down an engine or preparing backup systems) 
before a catastrophic failure occurs. Real-time reporting to ground can enhance this safety 
net: ground engineers can advise the flight crew if data suggests a serious problem that the 
onboard systems haven’t annunciated clearly. For example, if one engine’s sensor data 
shows subtle signs of impending failure, the airline’s operations center could recommend a 
precautionary diversion or engine shutdown. In essence, continuous health monitoring and 
fast data communication reduce the likelihood of accidents by ensuring that faults are 
addressed at the earliest possible stage. Studies have shown that such Integrated Aircraft 
Health Management leads to proactive maintenance that “averts a potential threat before 
it has a chance to develop into a real problem.” 

This means issues that might have led to engine failures, hydraulic losses, or avionics 
malfunctions can be resolved on the ground instead of becoming emergencies in the air. 

Maintenance Efficiency: Sensor data and real-time failure reporting transform 
maintenance from reactive to proactive. Instead of waiting for something to break, airlines 
can perform maintenance exactly when needed based on sensor indications – a practice 
known as condition-based maintenance. This optimizes the use of parts and labor. Early 
warnings allow maintenance teams to consolidate tasks and plan repairs with minimal 
disruption. For instance, if sensors indicate that a hydraulic pump is running below spec 
but hasn’t failed yet, the pump replacement can be scheduled at the next convenient 
maintenance stop, rather than causing an unscheduled grounding later. Real-time 
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reporting also means that when an unscheduled issue does occur in flight, the airline can 
pre-arrange repairs. The data sent via ACARS gives precise fault codes and diagnostic 
information, so mechanics know which component to fix or swap. This reduces 
troubleshooting time. According to industry guidance, the end-to-end health monitoring 
process (sensing, data transmission, analysis) provides information on system 
performance that yields economic efficiencies while maintaining or enhancing safety. In 
other words, aircraft spend less time out of service. Moreover, the vast amount of data 
collected (sometimes thousands of parameters per flight) can be analyzed for long-term 
improvements. Manufacturers and airlines feed this data into analytics programs to refine 
maintenance schedules, improve component designs, and prevent future failures. The 
result is a significant reduction in maintenance costs and aircraft downtime due to 
unplanned fixes. 

Aircraft Reliability: Ultimately, sensor-based failure detection improves overall aircraft 
reliability and availability. Airlines measure reliability by dispatch availability – how often 
flights leave on schedule without mechanical delays. With continuous health monitoring, 
many issues are fixed proactively, which means fewer last-minute cancellations or turn-
backs due to mechanical problems. Real-time health data also helps ensure redundant 
systems on the aircraft are truly ready to perform. For example, if a backup avionics unit 
has a latent fault, sensors and BITE will catch it and get it repaired, increasing confidence 
that backups will work when needed. Over time, the trove of operational data contributes 
to better engineering: problematic trends can be identified across a fleet and addressed 
through design changes or service bulletins (for example, if sensors across many aircraft 
indicate a certain pump model shows pressure drops after X hours, the manufacturer can 
introduce an improved pump or revised maintenance interval). In military aviation, similar 
health monitoring systems (often called Health and Usage Monitoring Systems, or HUMS) 
keep jets and helicopters more combat-ready by spotting issues early, thus boosting 
mission reliability. All these factors mean that modern aircraft are far more reliable than in 
the past, despite being more technologically complex. Airlines and air forces leveraging 
real-time health monitoring have reported improved operational availability – aircraft spend 
more time in the air and less in the hangar. 

Examples of Current Technologies 

Both commercial and military aircraft today employ these sensor-driven health monitoring 
systems. Boeing’s Airplane Health Management (AHM) is used on models like the 787 
Dreamliner and 737 MAX to automatically collect diagnostic data from engines and other 
systems and uplink it to airline maintenance operations. Dozens of airlines use AHM to 
receive alerts in flight – for instance, a 787 might send an ACARS message indicating an 
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engine bleed air valve fault, so that the part is ready at landing. Airbus’s Skywise Health 
Monitoring (SHM), as adopted by carriers like Frontier Airlines, streams live diagnostics 
from A320neo aircraft using the ACARS link and a high-speed data router, capturing tens of 
thousands of parameters in real time. This allows fully integrated unscheduled event 
management – airlines can anticipate the tools and parts needed for any issue even while 
the flight is enroute. Engine manufacturers also run their own monitoring centers: as noted, 
Rolls-Royce equips its large turbofan engines with health monitoring sensors and uses 
satellite communications to watch engine performance every flight. Their systems analyze 
data from “every engine and every flight to detect the first signs of abnormal engine 
behavior,” enabling predictive maintenance recommendations. In the military domain, the 
F-35 fighter jet and other advanced aircraft carry Integrated Vehicle Health Management 
(IVHM) systems that monitor airframe stress, engine data, and system faults. These often 
download data after each flight (for security reasons real-time satellite transmission may 
be limited), but still greatly aid maintainers in fixing issues before the next sortie. 
Helicopters, which endure heavy vibration, widely use HUMS technology: for example, the 
Collins Aerospace HUMS for helicopters monitors engine, gearbox, rotor, and airframe 
sensors and has prevented numerous accidents by detecting crack growth or chip detector 
warnings in advance. 

Conclusion 

Sensor-based failure detection has become an indispensable part of modern aviation. By 
embedding sensors throughout engines, hydraulic lines, and electronic systems, aircraft 
can effectively “monitor their own pulse” and catch problems early. These sensors feed 
data to onboard analytics that flag anomalies, and through systems like ACARS or satellite 
links, critical information is relayed to ground crews in real time. The result is a paradigm 
shift in maintenance: from reacting to failures after they occur, to anticipating and 
preventing them. Real-time failure reporting markedly improves flight safety by reducing the 
chance of in-air component failures, while also boosting maintenance efficiency and 
aircraft reliability. Airlines enjoy fewer disruptions and lower costs, and passengers benefit 
from safer, more punctual flights. As technology advances, even more sophisticated 
sensors (such as optical fiber strain sensors or acoustic emission detectors) and faster 
data links are being introduced. These will further enhance the ability to detect minute 
signs of trouble in engines, structures, and systems. In summary, the integration of smart 
sensors with data analytics and communication networks has made aircraft far more 
resilient: a sensor in a hidden engine compartment might sense a slight abnormality, but 
that data, when properly analyzed and transmitted, can mobilize an entire maintenance 
response. This connectivity between the aircraft and ground support, enabled by sensor 

Real Time Consulting

8 APR 2025



technology, is a cornerstone of the excellent safety and reliability record of today’s aviation 
industry. 
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