
Assessment of Robust Control on Damage Growth

Laura Jacobs
Adam Rosenbaum
Nick Stites

Alan Barhorst
Matt Bement

Los Alamos Dynamics 
Summer School



Jacobs, Rosenbaum, Stites2

Today’s presentation focuses on…

Motivation and Background

Analytical Approach

Experimental Approach
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We are studying the relationship between system 
performance and damage growth.

www.sam.usace.army.mil, 2004

Control systems may accelerate the damage 
propagation in a structure.

www.kinderlexikon.de, 2004
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Others have done exploratory studies.

Aircraft: 

•3.5 times the fatigue life of standard 
performance controllers [2]

www.abbotsfordairshow.com/2001/f15.jpg

•40% increase in fatigue life
•no significant performance loss [1]

Life Extending Controllers (LECs):

•balance performance and structural 
durability
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The controller under investigation differs from a 
life-extending controller.

Areas prone to damage 
known a priori.

Controller design to 
prevent damage growth 
in an unknown location.

Studies focus on damage occurring due to fatigue at 
predetermined places.
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The human body is an example of a control 
system which compensates for damage.
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We are a using a simple cantilever beam to 
perform our analysis and experiment.

Analytical model:
Six spring-mass-damper system

Experimental model:
Cantilever beam

Simple controllers used for investigation
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Analytical modeling consisted of a chain of 
masses and state space representation of 
variables.
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An LQR (Linear Quadratic Regulator) control 
system provides simple robust control. 
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Cost Function:
1. Select a control location and a 

disturbance location.
2. Select the Q value and minimize 

the cost function to find the K 
matrix (controller definition).

3. Select a damage level and 
location.

4. Run closed loop simulation, 
measure RMS value of 
displacement of mass 6, and the 
“fatigue” at the damage location.

5. Vary the “selected” parameters

Procedure
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Performance and fatigue were quantified using 
state space values and a variation of Miner’s rule.

Performance = RMS value of 
the displacement of mass 6 
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where-
ω = frequency
U(ω) = magnitude
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The percent reduction in fatigue is calculated from 
the fatigue at highest performance and the minimum 
fatigue. 
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The data was condensed to show the effects of 
varying the parameters.

•Darker squares indicate a 
higher reduction in fatigue 
by reducing performance.  

•The co-located disturbance and control 
minimize fatigue by maximizing performance. 

•There are consistent 
numbers of pairs with a 
tradeoff and without (dark 
and white, respectively).  



Jacobs, Rosenbaum, Stites13

There are few trends in the tradeoff of the 
performance and fatigue.
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The tradeoff between performance and damage 
mitigation exists unpredictably in some cases. 

•In 62% of the analytical cases simply maximizing 
performance, minimizes the fatigue.

•The only consistent trend in the data is that co-
locating the disturbance and controller always 
minimizes fatigue by maximizing performance.

•Designing a controller which would be prepared for 
damage at random locations would be very, very 
difficult.   
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An experiment was conducted to support our 
analytical results.

test structure SensorsSensors

control system

control system 
development

controller 
(xPC Target)

actuator
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A cantilever beam serves as the test structure.

Amplifier

Shaker

Piezoelectric 
Patch

Signal 
Conditioning 
Box

Accelerometer

Notched beam to 
simulate damaged 
structure
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The beam vibration decreases with the presence 
of a controller.

Beam without control Beam with control
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A lowpass filter and white noise were used to 
control and disturb the cantilever beam respectively.

lowpass butterworth filter white noise
Gain=0.1 to 20
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Analyzing the piezo and accelerometer data yields 
a measurement of fatigue and performance.
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Because the control and disturbance were co-
located, no tradeoff was found.
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As the analytical experiment showed, damage is not a 
factor if the control and disturbance is co-located. 
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Future work for this experiment will explore 
different facets of the problem.

Investigate effect of control architecture (PID, LQR, 
fuzzy, etc.) on performance/fatigue relationships.

Conduct experimental studies where disturbance 
and control are not co-located.
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In this project…
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