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Pushing the Boundaries of Machinery Prognostics 

 Motivation 
The F-35B Joint Strike Fighter (JSF) 
uses a convergent-divergent (C-D) 
nozzle to control engine thrust 
generation to enable Short Take Off 
and Vertical Landing (STOVL). A 
three-bearing swivel duct (3BSD) can 
rotate the entire nozzle downward to 
balance the lift fan in the fore section 
of the aircraft, as shown in the picture 
to the right. Therefore, the nozzle 
must respond quickly and accurately 
to input commands in order to ensure 
aircraft stability. A sync ring actuated 
by three symmetric linear actuators 
controls the nozzle diameter and 
thrust vectoring. Existing nozzle 
actuation diagnostics based on 
system level response do not have adequate sensitivity to ensure aircraft stability under all conditions. 

Solution 
Sentient approaches diagnostic problems with the 
attitude that if you know the physics behind 
common failures, then you can create the best 
diagnostics to detect them.  This certainly holds true 
for diagnosis of actuator faults.  Sentient created a 
physics-based dynamic model of the Electro-
Hydraulic Servo Valve (EHSV, shown at the left) 
and linear actuator in both the healthy and faulted 
condition.  Our approach uses a detailed operational 
model to analyze the transient response 
characteristics of the nozzle actuators and to 
incorporate common fault modes.  The model is 
coupled with a Hybrid Model/Feature-Based Fault 
Detection algorithm that uses the model to identify 
features in transient and/or steady-state response to 
discriminate healthy and faulted operation.  This 
provides a low overhead technique that can 
determine type and severity of faults by calculating 
features and using a table lookup to ease demand on 
computational and memory resources. 
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Features of the healthy EHSV include: 
·  Flapper-nozzle configuration controlled by coil current 
·  Position controlled by differential pressure across spool & feedback spring 
·  Flows to/from piston chambers controlled by spool position 
·  Piston position controlled by differential pressure across piston & applied load 

 
The faulted model looks at crossport leakage (the leakage 
between piston chambers due to faulty piston seal or 
wear) and spool sluggishness (the increase in resistance to 
movement of the spool due to debris or sludge build up 
from oil oxidation). 

 
The Hybrid Model/Feature-Based Fault Detection 
algorithm uses the model to identify features in transient 
and/or steady-state response that can discriminate 
healthy & faulted operation. A pulse input provides 
repeatable, maximum-bandwidth excitation. For 
example, the rise and fall slopes vary with load (shown 
right), and other features correlate well with severity of 
spool sluggishness fault and the crossport leakage fault. 
Once appropriate features are identified, fitness 
functions that define the probability of the test data 
matching each simulated operating condition can be 
calculated as shown below. 

 

Using the physics-based Hybrid 
Model/Feature-Based Fault Detection 
algorithm will enhance the JSF PHM 
capability to pinpoint the cause and severity 
of actuator faults.  The ability to accurately 
characterize the faulted dynamic 
performance of the actuator permits 
reconfigurable control, allowing full 
utilization of the actuator’s capability and 
remaining useful life, thereby reducing 
maintenance costs. 

 

 

 

Contact Sentient Corporation for more information on our hydraulic health monitoring technology 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 

 

 

 


