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Pushing the Boundaries of Machinery Prognostics 

Motivation 
Most helicopters, including the Army’s UH-60 Blackhawk, use a tail rotor to counteract main rotor 
torque. The tail rotor gearbox is driven by the main transmission via a long multi-section hollow 
driveshaft, which is supported by the oil cooler bearings, several hanger bearings in vibration damping 
mounts, and the intermediate gearbox. Failure of any one of the bearings in the tail rotor drive system 
can lead to a complete loss of directional control and a subsequent forced landing or crash. This type of 
failure has occurred in both military and commercial helicopters and has resulted in injuries, loss of 
aircraft, and loss of life. 

Department of Defense maintenance programs are gradually evolving from preventative to condition 
based strategies. Preventative strategies are traditional approaches where components are serviced on a 
fixed schedule or when a problem becomes apparent. Because of the wide variation in component 
lifetimes, maintenance intervals must be set very conservatively to prevent catastrophic failures. As a 
result, most components replaced on a preventative schedule still have 50-90% of their useful life 
remaining. On-condition maintenance is a more cost effective strategy where maintenance is scheduled 
in response to data on actual condition. Quality diagnostic information insures that incipient faults are 
caught before they become safety or mission critical, but can result in maintenance activities becoming 
more unpredictable and reactive in nature, which adversely impacts cost and readiness. 

The essential technologies needed for a complete prognosis capability are sensors that can detect an 
incipient fault, diagnostic algorithms to convert sensor data to fault presence and severity information, 
and a model of fault progression to predict remaining life.  Accurate modeling of fault progression is 
more difficult than fault detection. Even with perfect knowledge of the current state, virtually all failure 
processes are highly stochastic and most are poorly understood. Fortunately, Sentient Corporation has 
already conducted a great deal of research on bearing failure processes, including both insufficient 
lubrication failures and contact fatigue and pitting. Recent experimental work has demonstrated that 
these failures are better behaved than once thought and that effective and accurate prediction is possible. 

Solution 
Sentient is developing the prognostic technologies needed to track and predict the degradation of 
bearings in the UH-60 Black Hawk helicopter, and to integrate those technologies with the HUMS 
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system that is fielded on these aircraft. The completed system will utilize vibration and other sensor data 
to determine current bearing state, and will use models to predict the remaining useful life of the bearing 
taking into account operating conditions, maintenance actions, and differing failure modes.  

 In the course of this project Sentient 
has performed substantial research 
on several of the tail rotor drive train 
bearings including the Tail Shaft 
Hanger Bearing (shown right) and 
the Oil Cooler Fan Bearing (shown 
below).  Sentient has a unique 
experimental facility permitting full-
scale testing of realistic hardware 
with complete data acquisition 
capability for full validation of our 
diagnostic and prognostic 
technologies for rotating machinery.   

In the ongoing program, Sentient is initiating 
research on the Tail Rotor Gearbox Tapered 
Roller Bearing for the UH-60 to understand and 
model primary failure modes, develop the 
appropriate diagnostic and prognostic tools, and 
complete full-scale experimental validation for a 
diagnostic and prognostic toolset.   

 

 

 

Sentient is addressing several critical technology gaps that must 
be bridged to ensure success of this prognostic modeling effort: 
accurate estimation of bearing loading conditions in the 
operational environment, characterization of fault behavior, and 
diagnosis of fault severity from vibration data in an operational 
environment.  This proven approach helps our customers prevent 
failures, reduce unnecessary maintenance, and increase mission 
readiness.   

 

 

 

Contact Sentient Corporation for more information on this work and a discussion about how this 
technology can improve your maintenance capability: 
 

850 Energy Drive 
Suite 307, Room 428 
Idaho Falls, ID 83401 

208-522-8560 
info@sentientscience.com 

 

 

 


