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 Opening/Closing of different 
flow paths [1] according to an 
electric control signal

Main function

Conduction of hydraulic energy according to 
the position

Positioning of the spool according 
to an electric signal

Main function of hydraulic control valves

 Position is controlled by a force
 Directional control valves
 Force applied/not applied

 Applying force at the spool 
according to an electric signal 
signal
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Symbols of functional structure

separate/connect 
material flow energy flow

link/divide material 
flow material flow

reduce/increase 
energy of material 

flow
information flow

link/divide energy 
flow store energy

separate/connect 
energy flow subsystem

convert energy flow not further specified 
hydraulic system

[2],[3],[4]
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Functional structure of hydraulic control valve

 Switch + Converter

Subsystem 2)

 Conduct flow rate by the 
geometry

Subsystem 1)

[5]
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Sectional view

Electromechanical valve actuator 

Stepper 
motor

Threaded nut

Steep threaded 
rod

Force sensor
Displacement 
sensor

Valve 
connector

 Designed for large sized directional control 
valves
 Nominal size 25

 Externally attached
 Definition of force requirements based on 

common pilot operated hydraulic valve

General conditions

 Evaluation of different electrical converter 
 Electric motor 

 Mechanical converter is necessary 
 Steep threaded rod 
 No energy conversion  not illustrated in 

functional structure

Design process
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Q

Forces at direct electromechanical actuated valves

Adapter plate
 Adapter plate attached instead of pilot valve
 Short circuiting of both pilot chambers
 Constant volume

 Reduced resistance force 
 No pressure rise in the pilot chambers
 Fpressure nearly negligible

Acting forces

 Actuator force is transmitted mechanical to spool
 Additional sealing
 External leakage

 Friction force FSealing= f(p)

FInertia

FFlowFFriction

FSpring

FPressure

FSealingMovement 
direction

Additional sealing

[6]
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B

Measurements of effects in pilot chambers

 All ports closed
 Adapter plate attached
 Measuring port in adapter plate 

pressurized 
 Pressure and velocity varied

System

Influence of velocity

Influence of pressure

M

A
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Extended functional structure of hydraulic control valves
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Innovative valve actuation systems

Move spool into centered
position

According to operation
cycle

In case of power outage

 Active centering
 No centering in case of power 

outage
 Mechanical storages (springs) 

 Preload springs
 Additional actuator is necessary

 Holding of preloaded springs
 Small necessary strokes

Separation and redistribution

 Peak operation of main actuator
 Hold spool in position by second 

actuator 
 Reduces requirements
 Clamping 
 Orthogonal movement direction

Separation and redistribution

Positioning of the 
spool

Move spool to
position

Hold spool in 
position
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Conclusion

 Investigation of presented actuator
 Externally attached
 Effects by additional sealing
 Pressure in pilot chamber need to be avoided

 Adapter plate

 Expansion lead to innovative 
actuators
 Combination
 Reduction of requirements

 Proposed solution
 Preload springs

Electromechanical actuator design

Functional structure
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