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Titlee MODELING, DESIGN,AND CONTROLOF FORCED-FEEDBACKMETERING POPPET
VALVE SYSTEM

Meteringpoppetvalveshaveadvantagesvertypical spoolvalveswhich createa driving forceto incorporatehese
valvesinto the hydrauliccontrolsystems.In particular,meteringpoppetvalvescanbe manufacturedinderlower
tolerancesminimize leakageandeliminatea pilot supplyline. Poppetvalveshaveyetto replacespoolvalvesdueto
slow responsesnstability issuesandchallengesn provideddesiredflow control. Thisresearclexploresvalvedesign
dynamicmodeling,andtechniquego achieveflow controlfor aforced-feedbackneteringpoppetvalve system.In
particular,nonlinearandlinearmodelsof a forcedfeedbackconfigurationaredevelopedndtunedthroughthe useof
rootlocustechniques.Typical steadystateconditionsaswell asextremehigh andlow pressuralropsaresimulatedn
attemptdo uncoverinstabilitiesandotherpossibleundesirablgerformancesharacteristicef thevalve. Design
modificationspresentedh this researctprovidemeango meetperformanceequirementandreducesystem
oscillation. Openloop valve designsarethensimulatedwith severaklectroniccontrolschemesvhichincorporate
feedbaclof loadpressureandin somecasewalveflow. Electronicflow controlschemesrecomparedo standard
mechanicapressure&ompensationResultsindicatethatboth mechanicahndelectronicflow controlis effective,
while eachmethodprovidesstrengthaandweaknessesAn observeidesignis investigatecasa meansof providing
flow feedbaclwithout additionalsensorcostsandfinally arobustanalysiss providedfor a choserelectroniccontrol
scheme.Ultimately, this researchprovidesa methodologyfor designinga meteringpoppetvalve soasto addrespast
barriersto commercialiability. In the eventthatmeteringpoppetvalvesareableto competewith spoolvalves,
efficiencyandcostof hydrauliccontrolsystemganbeimproved.
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	Body of Abstract: Metering poppet valves have advantages over typical spool valves which create a driving force to incorporate these valves into the hydraulic control systems.  In particular, metering poppet valves can be manufactured under lower tolerances, minimize leakage, and eliminate a pilot supply line.  Poppet valves have yet to replace spool valves due to slow responses, instability issues, and challenges in provided desired flow control.  This research explores valve design, dynamic modeling, and techniques to achieve flow control for a forced-feedback metering poppet valve system.  In particular, nonlinear and linear models of a forced feedback configuration are developed and tuned through the use of root locus techniques.  Typical steady state conditions as well as extreme high and low pressure drops are simulated in attempts to uncover instabilities and other possible undesirable performance characteristics of the valve.  Design modifications presented in this research provide means to meet performance requirements and reduce system oscillation.  Open loop valve designs are then simulated with several electronic control schemes which incorporate feedback of load pressure and in some cases valve flow.  Electronic flow control schemes are compared to standard mechanical pressure compensation.  Results indicate that both mechanical and electronic flow control is effective, while each method provides strengths and weaknesses.  An observer design is investigated as a means of providing flow feedback without additional sensor costs and finally a robust analysis is provided for a chosen electronic control scheme.  Ultimately, this research provides a methodology for designing a metering poppet valve so as to address past barriers to commercial viability.  In the event that metering poppet valves are able to compete with spool valves, efficiency and cost of hydraulic control systems can be improved.
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