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MotivationMotivation

•• Power is a limiting factor in a number of Power is a limiting factor in a number of 
active material applications.  active material applications.  

•• The electromechanical transduction The electromechanical transduction 
properties of active materials make it properties of active materials make it 
possible to ‘harvest’ energy from vibration possible to ‘harvest’ energy from vibration 
sources and store it as electrical energy.  sources and store it as electrical energy.  
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Vibration IsolationVibration Isolation

•• The system under The system under 
consideration is an consideration is an 
active vibration isolation active vibration isolation 
system containing an system containing an 
electromagnetic actuator.   electromagnetic actuator.   

x

dx
k

m

vcF

Base MotionBase Motion

Payload MotionPayload Motion



Center for Intelligent Material Systems and Structures

Vibration IsolationVibration Isolation
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•• Can we harvest energy Can we harvest energy 
from the vibration from the vibration 
isolation system?   isolation system?   
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Regenerative SystemsRegenerative Systems
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Regenerative SystemsRegenerative Systems

•• Can we change the power flow Can we change the power flow 
characteristics of the system using feedback characteristics of the system using feedback 
control?control?

•• How does feedback change the vibration How does feedback change the vibration 
isolation characteristics of the closedisolation characteristics of the closed--loop loop 
system?  system?  
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ApproachApproach

•• Develop Develop nondimensionalnondimensional statestate--space model space model 
of active isolation system with an of active isolation system with an 
electromagnetic actuator.electromagnetic actuator.

•• Examine power flow characteristics as a Examine power flow characteristics as a 
function of feedback parameters.function of feedback parameters.

•• Determine regions of optimal power Determine regions of optimal power 
regeneration and examine the effect of regeneration and examine the effect of 
vibration isolation.  vibration isolation.  
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Power Flow ModelingPower Flow Modeling
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Power Flow ModelingPower Flow Modeling
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Control StudiesControl Studies

•• Three control cases were studiedThree control cases were studied
–– Resistive ControlResistive Control
–– Mechanical FeedbackMechanical Feedback
–– Flow ControlFlow Control
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Power Flow ModelingPower Flow Modeling
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The advantage to this approach is that the The advantage to this approach is that the nondimensionalnondimensional power is only power is only 
a function of two parameters and the three control gains.a function of two parameters and the three control gains.

Rate of energy exchange in the springRate of energy exchange in the spring



Center for Intelligent Material Systems and Structures

Case 1: Resistive ControlCase 1: Resistive Control
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Case 2: Mechanical FeedbackCase 2: Mechanical Feedback
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Case 3: Flow ControlCase 3: Flow Control

Shape of regenerative region Shape of regenerative region 
can be controlled with can be controlled with 
feedback.feedback.
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Effect on Vibration IsolationEffect on Vibration Isolation
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The amount of The amount of 
vibration vibration 
isolation was isolation was 
REDUCED in REDUCED in 
all cases all cases 
studied.studied.
This indicates This indicates 
that there is a that there is a 
fundamental fundamental 
tradeoff in tradeoff in 
achieving a achieving a 
regenerative regenerative 
isolation isolation 
system.system.
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ConclusionsConclusions

•• The effect of feedback on the regenerative The effect of feedback on the regenerative 
properties of a vibration isolation system properties of a vibration isolation system 
was studied.was studied.

•• The results demonstrated that feedback The results demonstrated that feedback 
could be used to ‘tune’ the mechanical could be used to ‘tune’ the mechanical 
system to maximize energy regeneration.system to maximize energy regeneration.

•• This study demonstrated that energy This study demonstrated that energy 
regeneration was always accompanied by an regeneration was always accompanied by an 
INCREASE in the vibration of the payload.INCREASE in the vibration of the payload.
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Practical QuestionPractical Question

•• Will the amount Will the amount 
of regenerated of regenerated 
energy be greater energy be greater 
than the amount than the amount 
of energy of energy 
required for the required for the 
feedback control feedback control 
system?system?
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