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Introduction to Single Acting
Pneumatic Actuators



Single acting pneumatic actuators generate linear or rotational motion in one direction
through compressed air, while reset relies on mechanical forces such as built-in springs or
external gravity, suitable for scenarios that require automatic return.

Compressed air is only consumed during one stroke of extension or retraction, and the reset
process does not require a gas source, resulting in low energy consumption. It is suitable for
systems with intermittent operation or high energy-saving requirements.

Compressed air pushes the piston to move (such as extending) through the intake port, and the
spring stores energy; During exhaust, the spring releases energy to reset the piston (such as
retracting), forming a complete action cycle.



The cylinder is usually made of aluminum alloy or stainless steel, and the internal piston seal design ensures
that air pressure is effectively converted into mechanical force. The piston rod needs to be wear-resistant and
corrosion-resistant to extend its service life.

The stiffness and pre compression of the built-in spring determine the reset force, which needs to be matched
with the load requirements; Fatigue resistant materials (such as chromium silicon steel) should be selected to
avoid performance degradation under high temperature or high frequency conditions.

The main air port is connected to a compressed air source, and the exhaust port is often equipped with a

muffler; Dynamic sealing rings (such as polyurethane) prevent leakage, while static sealing rings (O-rings) ensure
the airtightness of the end caps.



Single acting actuators have a simpler structure, requiring only a single pneumatic
control and spring, while double acting actuators require bidirectional pneumatic
control and no spring, resulting in higher maintenance costs but balanced thrust.

Single acting is suitable for safety oriented applications (such as automatically closing
valves in case of failure), while double acting is suitable for industrial processes that
require bidirectional precise control or high-frequency action.

Single acting reset relies on springs, and the reset speed may be slow and affected by
the load; Double acting is driven by air pressure in both directions, with faster response
but greater sustained gas consumption.
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Technical Specifications and
Features



Utilizes an internal spring to automatically return the actuator to its default position when air pressure is
released. Ideal for fail-safe applications where position control is critical, such as emergency shut-off valves. The
spring force must be calibrated to overcome friction and load resistance.

Relies on compressed air to reset the actuator, offering bidirectional control without spring fatigue. Suitable for

high-cycle operations where frequent actuation is required, but demands a continuous air supply for reset
functionality.

Some designs combine both spring and air bag reset for redundancy, ensuring reliability in critical industrial
processes like chemical plant controls.



Engineered with materials like stainless steel or PTFE seals to withstand extreme
temperatures. At -30 °C, lubricants must remain viscous, while at 100°C,
components should resist thermal expansion and degradation.

4-10Bar operation balances force output and energy efficiency. Lower pressures (4-
6Bar) suit light-duty tasks (e.g., damper control), while higher pressures (8-10Bar)
are for heavy-load applications like pipeline valves.

Nitrile or Viton seals are selected based on temperature and pressure to prevent
leaks, with reinforced gaskets for high-pressure cycling.




Low-Thrust Applications (1650-20,000Nm): Used in precision instruments or small valves, where compact size and
minimal force are prioritized. Example: pharmaceutical dosing valves requiring 2000Nm thrust.

Mid-Thrust Range (20,000-80,000Nm): Common in industrial automation, such as conveyor belt diverters.
Actuators in this range often feature modular designs for easy maintenance.

High-Thrust Systems (80,000-165,000Nm): Deployed in heavy machinery (e.g., oil rig blowout preventers),
requiring robust construction with reinforced pistons and thick-walled cylinders to handle stress.

Custom Calibration: Thrust output can be fine-tuned via air pressure adjustments or piston diameter
modifications, ensuring compatibility with specific load requirements.
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Applications and Valve
Compatibility



Ball Valves: Single acting pneumatic actuators are widely compatible with ball valves due to their quarter-turn
operation. These actuators provide precise control over fluid flow, making them ideal for applications
requiring quick shut-off and minimal leakage. The robust design ensures durability even in high-pressure
environments.

Butterfly Valves: These actuators are commonly paired with butterfly valves for regulating large-volume flows
in pipelines. The linear motion of the actuator is converted to rotational movement, enabling efficient
throttling and isolation in water treatment, HVAC, and chemical processing systems.

Plug Valves: Known for their tight sealing capabilities, plug valves work seamlessly with single acting
actuators in abrasive or corrosive media handling. The actuator's fail-safe feature (spring return) ensures
valve closure during power loss, critical in hazardous environments.

Triple Eccentric Valves: For high-temperature and high-pressure applications like steam systems, these
actuators support triple eccentric valves by providing precise angular control. The non-rubbing design
minimizes wear, extending valve lifespan in demanding industries such as power generation.



Flue Gas Desulfurization (FGD): In coal-fired power plants, single acting actuators automate valves in slurry
and limestone slurry lines. Their corrosion-resistant coatings and spring-return functionality ensure reliable
operation despite exposure to abrasive, acidic slurries and frequent cycling.

Acidic Gas Processing: In petrochemical refineries, these actuators control valves handling hydrogen sulfide
(H »S) or sulfur dioxide (SO,). Materials like stainless steel or PTFE-lined components prevent degradation,
while fail-safe designs mitigate risks of toxic gas leaks during emergencies.

Wastewater Treatment: Actuators manage butterfly valves in aeration tanks and sludge lines, where
resistance to moisture and chemicals is essential. Custom seals and diaphragms enhance performance in pH-
variable environments.

Pharmaceutical Industry: Used in sterile processing, actuators with FDA-compliant materials (e.g., 316L
stainless steel) ensure contamination-free operation for valves handling aggressive solvents or purified water.



High-Temperature Adaptations: For applications exceeding 200° C (e.g., steam systems), actuators feature
heat-resistant seals (Viton or Kalrez), extended stems, and thermal insulation jackets. Internal components
may use hardened steels to prevent thermal expansion-induced misalignment.

Cryogenic Designs: In LNG or liquid nitrogen handling, actuators incorporate low-temperature seals (PTFE or
Teflon) and anti-icing coatings. Stainless steel housings prevent brittleness, while spring mechanisms are
calibrated for reliable operation at -196 °C.

Explosion-Proof Configurations: For hazardous zones (ATEX/IECEX), actuators include flameproof enclosures
and intrinsically safe limit switches. Options like pneumatic lock-up devices prevent unintended valve
movement during pressure fluctuations.

Compact or High-Thrust Models: Space-constrained installations use compact actuators with reinforced
diaphragms, while high-thrust variants (e.g., for large-diameter valves) integrate dual-spring mechanisms or
amplified piston designs.
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Challenges and Solutions



O ]_ Single-acting pneumatic actuators rely on spring return mechanisms, making it difficult to achieve
precise intermediate positions without additional feedback systems. This limits their use in applications
requiring fine-tuned control, such as proportional valve regulation.

02 The spring’ s inherent hysteresis can cause inconsistent positioning accuracy, especially under varying
load conditions. Compensating for this requires advanced control algorithms or hybrid
electropneumatic solutions.

03 Spring-driven return introduces a delay compared to double-acting actuators, impacting real-time
control performance in dynamic systems like automated assembly lines.



Adding electronic positioners (e.g., smart positioners with I/P converters) significantly
increases system costs, often doubling the actuator’ s price. This is prohibitive for budget-
sensitive projects like small-scale industrial automation.

Positioners require regular calibration and diagnostics, adding long-term operational
expenses. For example, in remote oil and gas installations, maintenance logistics can escalate
costs by 30-40%.

Positioners with continuous air supply increase compressed air usage, raising energy bills. In
high-volume applications like packaging machinery, this can lead to annual energy waste
exceeding $5,000 per unit.



Single-acting actuators with external springs often need larger mounting
footprints, complicating integration in compact systems like robotic arms. Modular
mounting kits or custom brackets may be necessary.

Misalignment during installation can accelerate spring fatigue and seal wear.
Solutions include laser-guided alignment tools or pre-assembled actuator-valve
packages, reducing field adjustment time by 50%.

Spring mechanisms are prone to vibration-induced wear in high-frequency
environments (e.g., CNC machines). Mitigation involves anti-vibration mounts or
switching to double-acting actuators in extreme cases.
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Case Studies and
Innovations
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Single acting pneumatic actuators are used in the chemical and petroleum industries to precisely
control valve opening, achieve progressive throttling of fluids by adjusting air pressure, and avoid the
impact of sudden pressure changes on pipelines.

For acidic or high-temperature media environments, the actuator adopts a stainless steel shell and
PTFE seals to ensure long-term stable operation and reduce maintenance frequency.

linked with PLC system, real-time adjustment of valve position through sensor feedback, improving the
response speed and control accuracy of the production process.



Single acting actuators use built-in springs to close valves, requiring only compressed
air to drive the opening action, saving about 40% of energy consumption compared to
double acting models.

Adopting a pilot operated solenoid valve and low flow pneumatic circuit design, further
reducing air consumption, suitable for remote areas or gas supply limited scenarios.

In the event of a gas outage, the spring automatically resets to the preset safe position
(fully open/fully closed), avoiding the risk of process interruption or equipment damage.




Through unique air path and mechanical structure design, the "open middle close"
three state positioning is achieved, solving the pain point of traditional single acting
actuators that cannot stop halfway.

With a locator and 4-20mA signal input, it can accurately control the valve to stay at any
position between 0-100% stroke, suitable for working conditions that require dynamic
adjustment.

Supports additional buffer modules or position feedback devices to adapt to high-
frequency actions or harsh industrial scenarios that require real-time monitoring.
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Future Trends and
Conclusion



O ]_ Modern pneumatic actuators are increasingly equipped with embedded sensors (e.g., position,
pressure, temperature) and loT capabilities, enabling real-time monitoring and predictive maintenance.
This reduces downtime and optimizes performance in industrial automation.

02 Advanced algorithms, such as machine learning-based PID tuning, allow actuators to dynamically
adjust valve timing and force output based on load variations, improving energy efficiency and
response accuracy in camless engines.

03 Emerging designs incorporate regenerative pneumatic circuits to capture and reuse energy during
exhaust strokes, cutting overall power consumption by up to 20% in high-cycle applications.



Nickel-based superalloys (e.g., Inconel 718) are being adopted for actuator components
exposed to >500 ° C exhaust gases, ensuring durability in turbocharged engine
environments without compromising thrust (e.g., maintaining 1500N at 600 °C).

PTFE-coated pistons and ceramic-reinforced seals reduce friction losses by 30% while
resisting chemical degradation from oil or fuel contamination, extending service intervals
beyond 10 million cycles.

Carbon-fiber-reinforced PEEK housings reduce actuator mass by 40% compared to steel,
critical for aerospace and automotive weight-saving targets without sacrificing pressure
ratings (e.g., 10-bar operation).



The EPVVA system achieved a 15% wider dynamic valve lift range (0.5-8mm) and 0.1ms response precision
through GA-optimized port geometries and PID gains, validated by CFD simulations.

IRRSAR-compliant testing confirmed stable operation across -40 °C to 200° C with <5% thrust deviation,
leveraging dual-stage thermal compensation in the pneumatic chamber.

By eliminating camshaft friction losses and implementing variable air supply logic, the actuator reduced engine
parasitic losses by 12% in NEDC cycle tests.

Modular design principles allow adaptation to 2-16 cylinder engines, with thrust scalability from 500N (compact
cars) to 3kN (heavy-duty diesel) via bore diameter adjustments.



Future designs may focus on optimizing thrust values (e.g., 500-5000 N range) to
improve actuator performance while minimizing energy consumption.

Advancements in materials could expand operational temperature ranges (e.g., -
40°C to +120°C) for extreme environments.

Incorporating loT-enabled sensors for real-time monitoring of pressure, position,
and wear to predictive maintenance and reduce downtime.







