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Robust Design of a Hydraulic Cylinder Drive
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Dynamical Simulation of the Controlled Cylinder Drive
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Design Specifications = Constraints
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Process Work Flow
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PID - Control Parameter Identification through Optimization
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Robustness Evaluation of Nominal Design

@ Design Parameters EI@
Mame Mem... | Telera...| Unit
Mass 100 4 kg
Prescure 100 4 bar
Piston Diameter 50 1 mrm
Stop Stiffness 50 4 kM/mm
Dead Volume Port A 50 4 cm’
Dead Velume Port B 50 4 cm’
Red Diameter 36 1 mrm
Matural Frequency 10 5 Hz
Kinematic Viscosity 41 2 mm’/s
Density 0.89 (001 gfem®
Pressure Drop 35 4 bar

Parameter and Process
Uncertainties for Nominal Design

Design of Experiment
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Residual Plot for 1D -Meta -Models
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Design and Process Uncertainties
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Probabilistic Simulation of Nominal

Design
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Sensitivity Analysis of  Nominal Design
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Meta Models of the Cylinder Drive
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Robust Design Optimization

.
Calculator u
mean(alve Preszure]+mean(Piston Welocity)
udl Design P et (=]
‘\-f?alve F'lessn.tue [ Back ] [ Delate Al ] €sign Farameters E@
E'SFD"' Velocity Marme Mominal | Telerance | Unit Comment
ain
Derivative Time E] E] Mass 100 4 kg Mass
D amping Ratio Pressure 100 4 bar Pressure
[tan] [atan] [ 7 l E] Piston Diameter 51.6624885 |1 mm Piston Diameter
Stop Stiffness 501882929 |4 kM/mm Stiffness
[ats] [em] [] Le] [ : ;
Dead Volume Port & |50,5552772 |4 cm Dead Velurme Port &
(in] [pow] [1] [-] Dead Volume Port B 50817121 |4 cm? Dead Volume Port B
Rod Diameter 340077134 |1 mm Rod Diameter
[sw) [sw] [o] []
Matural Frequency 991139109 |5 Hz MNatural Frequency (Undamp...
Satict Kinematic Viscosity 41 2 mm-/s Kinematic Viscosity
atiztics
: : Density 0.89 0.01 gfem? Density
[ hiscn ] [ Sigma ] [ kiiianes ][ Pressure Drop 35 4 bar Pressure Drop at Yalve Edge
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Design and Process Parameters
of the Robust Design
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Robust Optimization Process
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Robust Design Probability
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Robust Design Sensitivity
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