Servo Valves
Engineering Precision

>_ Advanced Hydraulic Control Systems Overview




| WHAT IS A SERVO VALVE?

Definition Strategic Role
A directional control valve that precisely regulates fluid They act as the interface between low-power
flow or pressure in direct response to an electrical electronics and high-power hydraulics, enabling

control signal. closed-loop control with micro-meter accuracy.
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Key Function: Provides infinite control over actuator movement, velocity, and sub-millimeter positioning.




| WORKING PRINCIPLE

Converts an electrical input info mechanical displacement o

modulate hydraulic flow path.

4 Signal - Torque Motor generates physical torque.

®%  Torque moves the Spool to open port passages

= Feedback ensures command matches physical position.
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| MAIN COMPONENTS (PART I)

L

»

Torque Motor The Spool
The electromagnetic "brain" that converts control current A precision-machined sliding cylinder that opens or
into the mechanical force needed to initiate spool closes hydraulic passages to modulate flow volume ana

movement. direction.




| MAIN COMPONENTS (PART II)
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Feedback Wire Nozzle & Flapper Valve Body
Ensures spool position reflects the Hydraulic amplifier stage. Tiny The high-strength housing (often
command. Any deviation creates movements of the flapper control forged steel) that contains internal
a restoring torque to maintain high-pressure tluid at the spool pressures and provides port

precision. ends. connections.




| CLASSIFICATION OF VALVES

Electro-Hydraulic Mechanical-Hydraulic

Uses electronic signals (mA/V) to drive a torque motor. Conftrolled via physical linkages or cable systems.
Offers superior integration with modern PLC and Common in legacy aircraft and robust environments
computer control systems. where electronics might fail.

Note: Electro-hydraulic variants dominate 95% of modern precision industrial applications.




| PRACTICAL APPLICATIONS

Manufacturing

Injection molding and high-speed

metal stamping presses.

Aerospace Robotics

Flight control surfaces (ailerons) Precise movement control for

and landing gear systems. heavy-duty industrial robotic arms.




| PERFORMANCE ADVANTAGES

<dms 0.01% 100%

RESPONSE TIME HYSTERESIS RELIABILITY

e v Dynamic stability in high-vibration environments. e V Precise control of position, velocity, and torque.

o v Ability to handle extremely high pressure (350+ bar). e Vv |deal for closed-loop automated feedback systems.




MAINTENANCE &
CARE

Fluid Cleanliness: The #1 tactor in servo performance.

Contamination can clog nozzles or erode spool edges.

@ Use ISO 4406 14/12/1 filtration.
8 Monitor temperature (prevent fluid oxidation).

#$ Regular null-adjustment calibration.




| COMMON FAILURE MODES

Symptom Possible Cause Recommended Action

System Hunting Dirty feedback wire or spool sticking Flush system and clean interndl filters
Sluggish Response Low supply pressure or nozzle clog Check pump output and pilot stage
Excessive Leakage Worn spool/sleeve or sedl tailure Seal replacement or spool refurbishment

Null Shift Torque motor magnet contamination De-magnetize and clean torque motor




' THE FUTURE OF CONTROL
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Smart Valves

Integrated sensors for real-time
pressure, flow, and temperature

monitoring (Industry 4.0).
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Predictive Analytics

Al-driven algorithms that predict
valve failure weeks before it

happens based on performance
arift.

=

Digital Electronics

On-board electronics (OBE)
allowing for tieldbus
communication and remote

configuration.



| SERVO VS. PROPORTIONAL

While similar, servo valves ofter a distinct advantage for high-performance needs:

-

Servo Valves

Highest precision (closed-loop)
Extremely fast response (<lOms)
Higher cost & complexity

Requires very clean fluid

~

Proportional Valves

Moderate precision
Slower response time (30-80ms)
Cost-eftective solution

More tolerant to contamination



Questions ?

Thank you for your attention to engineering precision.
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