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Abstract 

The Aircraft Hydraulic Actuator Assembly project focuses on the design and 

development of a hydraulic actuator used to convert hydraulic pressure into controlled 

mechanical motion in aircraft systems. Hydraulic actuators are widely used for 

operating flight control surfaces, landing gear, brakes, steering systems, and other 

aircraft mechanisms where precise and reliable movement is required. 

In this project, a detailed 3D CAD model of an aircraft hydraulic actuator assembly is 

developed by designing major components such as the cylinder body, piston, piston 

rod, seals, mounting brackets, end caps, and hydraulic connections. The dimensions 

and component arrangement are selected according to the required stroke length, 

operating pressure, load capacity, and installation requirements. 

The complete components are assembled using appropriate CAD constraints to ensure 

proper alignment and movement. The assembly can be evaluated using motion 

simulation and structural analysis to verify piston movement, component interaction, 

and structural strength under operating loads. Interference and clearance checks can 

also be performed to identify potential assembly problems before manufacturing. 

The project aims to develop a reliable and compact hydraulic actuator assembly 

capable of providing controlled linear motion with high precision. The design can be 

further optimized by modifying cylinder dimensions, piston diameter, rod diameter, 

material selection, mounting configuration, and sealing arrangement. 

Overall, the Aircraft Hydraulic Actuator Assembly project demonstrates the 

application of CAD modeling and simulation techniques in the development of an 

important aerospace mechanical system. The proposed design provides a foundation 

for further analysis such as pressure analysis, fatigue analysis, leakage evaluation, 

dynamic simulation, and experimental validation to improve the actuator's safety, 

reliability, and performance. 

I. Introduction 

An aircraft hydraulic actuator is an important component used to convert hydraulic 

pressure into controlled mechanical motion. It is widely used in aircraft systems such 

as flight control surfaces, landing gear, wheel brakes, nose-wheel steering, and thrust-

reverser mechanisms. Hydraulic actuation is preferred in many aerospace applications 

because it can provide high force and precise movement while maintaining a 

relatively compact design. 
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The hydraulic actuator generally consists of components such as a cylinder, piston, 

piston rod, seals, end caps, mounting brackets, and hydraulic ports. Hydraulic fluid 

supplied under pressure acts on the piston and produces linear movement of the piston 

rod. This movement is transferred to the connected aircraft mechanism to perform the 

required operation. 

In this project, a detailed 3D CAD model of an aircraft hydraulic actuator assembly is 

developed by designing its individual components and combining them into a 

complete assembly. Important design parameters such as cylinder diameter, piston 

diameter, rod diameter, stroke length, mounting arrangement, and material properties 

are considered during the design process. 

Proper alignment between the piston, piston rod, cylinder, and mounting components 

is maintained during assembly. CAD-based assembly and motion simulation can be 

used to verify the movement of the piston rod and identify possible interference or 

clearance problems. Structural analysis can also be performed to evaluate the strength 

of critical components under operating loads. 

II. Literature Survey 

Several researchers have studied aircraft hydraulic actuators because they are critical 

components in flight-control and other high-force aircraft systems. Hydraulic 

actuators are used to convert hydraulic pressure into mechanical movement and are 

valued for their high power-to-weight capability. NASA notes that hydraulic actuators 

have historically been widely used to operate aircraft control surfaces because they 

can provide the large forces required to move surfaces under high aerodynamic loads.  

Earlier research focused on the reliability of aircraft hydraulic actuator systems. Shi, 

Wang, and Wang developed a generalized stochastic Petri-net model to represent 

redundancy, fault detection, fault isolation, and degradation in aircraft hydraulic 

actuator systems. Their work showed that actuator reliability analysis needs to 

consider multiple operating and failure states rather than relying only on simple 

operational/failure models.  

Klim, Zeppetelli, and Saad investigated reliability modeling for hydraulic actuators 

used to operate aircraft flight-control surfaces. Their research considered actuator 

redundancy and the remaining available hinge-moment capability when one or more 

actuators experience partial or complete failure. This highlights the importance of 

redundancy and reliable actuator operation in aircraft systems.  

Research has also examined redundant aircraft actuation architectures. Studies of 

dissimilar redundancy systems have considered combinations of hydraulic and 

electro-hydrostatic actuation to improve aircraft safety and reliability. Such 

approaches demonstrate the importance of selecting appropriate actuator architectures 

according to system-level performance and safety requirements.  

Another major research area is fault detection and condition monitoring. Research on 

fly-by-wire electro-hydraulic servo actuators has investigated internal leakage, one of 

the important failure modes of hydraulic actuators, and the use of prognostics and 
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health-management techniques to detect degradation and estimate remaining useful 

life.  

Recent research has focused on model-based simulation and fault diagnosis of 

hydraulically powered flight-control actuation systems. A 2024 study developed a 

system-level model capable of representing faults such as leakage, valve problems, 

and pump-related pressure changes, demonstrating the importance of accurate 

physical models for diagnosing actuator and hydraulic-system behavior.  

The aerospace industry is also investigating the transition from conventional 

centralized hydraulics toward electro-hydrostatic and electromechanical actuators. 

SAE's 2024 aerospace information report discusses electro-hydrostatic actuator 

applications and their role in aircraft flight-control architectures and system 

optimization.  

Based on the existing research, the proposed Aircraft Hydraulic Actuator Assembly 

project focuses on developing a detailed 3D CAD model containing the cylinder, 

piston, piston rod, seals, end caps, mounting brackets, and hydraulic connections. The 

assembly can be evaluated through motion simulation, structural analysis, interference 

checking, and pressure-related analysis. The design can further be optimized by 

modifying cylinder dimensions, piston and rod sizes, materials, mounting 

configuration, and sealing arrangements to achieve improved strength, reliability, 

precision, safety, and performance. 

III. System Analysis 

System analysis is an important stage in the development of the Aircraft Hydraulic 

Actuator Assembly project. The analysis focuses on understanding the functional, 

structural, and operational requirements of the hydraulic actuator. Important 

parameters such as operating pressure, load capacity, stroke length, cylinder diameter, 

piston diameter, and rod diameter are considered. Suitable materials are selected 

based on strength, weight, corrosion resistance, and aerospace requirements. The 

major components such as cylinder, piston, piston rod, seals, end caps, mounting 

brackets, and hydraulic ports are designed according to the required specifications. A 

detailed three-dimensional CAD model is created for each component. The individual 

components are assembled while maintaining proper alignment and clearances. 

Motion analysis can be performed to verify the linear movement of the piston and rod. 

Structural analysis can be used to evaluate stresses and deformation under applied 

loads. Pressure-related analysis can also be used to study the behavior of the actuator 

under hydraulic loading. Overall, system analysis provides a foundation for 

developing a reliable, lightweight, and efficient aircraft hydraulic actuator assembly. 

Existing System 

In the existing system, aircraft hydraulic actuators are generally designed using 

conventional engineering calculations, CAD modeling, and physical testing methods. 

Engineers determine cylinder dimensions, piston size, rod diameter, materials, and 

mounting arrangements according to the required operating conditions. Individual 

components are designed and assembled using traditional CAD techniques. Physical 
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prototypes may be manufactured to verify the actuator's movement, strength, and 

hydraulic performance. Prototype manufacturing and testing can increase 

development time and overall cost. Conventional calculations may not provide 

detailed information about stress distribution and deformation in all actuator 

components. Internal pressure effects and critical stress regions can be difficult to 

evaluate accurately without simulation. Improper alignment between the piston, rod, 

and cylinder can also cause friction, wear, or performance problems. Repeated design 

changes may require additional calculations and prototype testing. Leakage and 

sealing performance may also require specialized experimental testing. These 

limitations make the traditional development process time-consuming and expensive. 

Therefore, CAD modeling combined with simulation provides a more efficient 

approach for developing and evaluating aircraft hydraulic actuators. 

Disadvantages of Existing System 

• Requires extensive manual calculations.  

• Physical prototypes may be required.  

• Prototype manufacturing increases development cost.  

• Testing requires considerable time.  

• Difficult to visualize internal component behavior.  

• Stress concentration may not be identified early.  

• Pressure effects can be difficult to evaluate manually.  

• Design modifications require repeated calculations.  

• Piston and rod alignment problems may occur.  

• Leakage and sealing issues may require physical testing.  

• Limited early-stage motion analysis.  

• Difficult to evaluate multiple designs quickly.  

Proposed System 

The proposed system focuses on designing and evaluating an Aircraft Hydraulic 

Actuator Assembly using CAD modeling and simulation techniques. The design 

begins by identifying the required operating pressure, load capacity, stroke length, and 

mounting conditions. Suitable dimensions are selected for the cylinder, piston, piston 

rod, end caps, and other components. Materials are selected according to strength, 

weight, durability, and aerospace application requirements. Each component is 

modeled accurately using three-dimensional CAD software. The piston, rod, cylinder, 

seals, mounting brackets, and hydraulic ports are assembled using suitable constraints. 

Proper alignment and clearances are maintained between moving and stationary 

components. Interference checking is performed to identify possible assembly 

problems before manufacturing. Motion simulation can be used to verify piston and 

rod movement throughout the required stroke. Structural analysis can evaluate stress 

and deformation in the actuator components under operating loads. The design can be 

modified based on the simulation results to improve strength and reduce unnecessary 

weight. Overall, the proposed system provides an efficient approach for developing a 

reliable and accurate aircraft hydraulic actuator assembly. 

Advantages of Proposed System 
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• Provides accurate 3D CAD modeling.  

• Reduces dependence on physical prototypes.  

• Saves design and development time.  

• Reduces testing and development costs.  

• Supports accurate component alignment.  

• Helps identify interference before manufacturing.  

• Supports piston and rod motion simulation.  

• Enables structural stress and deformation analysis.  

• Allows easy modification of component dimensions.  

• Supports lightweight design.  

• Improves actuator reliability and performance.  

• Supports further design optimization.  

IV. Methodology 

The methodology begins by identifying the functional requirements of the aircraft 

hydraulic actuator, including operating pressure, load capacity, stroke length, and 

mounting conditions. Suitable materials are selected based on strength, weight, 

durability, corrosion resistance, and aerospace requirements. The cylinder, piston, 

piston rod, end caps, seals, mounting brackets, and hydraulic ports are designed 

according to the specified dimensions. Three-dimensional CAD models are created 

for all individual components using suitable modeling techniques. The components 

are then assembled using appropriate constraints to maintain accurate alignment and 

required clearances. The assembled model is checked for interference and possible 

geometric errors. Motion simulation is performed to verify the movement of the 

piston and piston rod through the required stroke. Appropriate loads and constraints 

can be applied for structural analysis of the actuator components. Pressure conditions 

can also be considered to evaluate the effect of hydraulic loading on the cylinder and 

piston assembly. Simulation results such as stress, deformation, displacement, and 

motion behavior are analyzed. Based on the results, component dimensions and 

geometry can be modified where necessary. Finally, the optimized actuator assembly 

is prepared for further validation, manufacturing, and testing. 

System Architecture 

The system architecture represents the complete workflow used for designing and 

analyzing the Aircraft Hydraulic Actuator Assembly. 
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The process begins with input requirements such as operating pressure, load capacity, 

stroke length, dimensions, material properties, and mounting conditions. These inputs 

are provided to the actuator design module for determining suitable component 

specifications. The CAD modeling module creates the cylinder, piston, piston rod, 

seals, end caps, mounting brackets, and hydraulic ports. The assembly module 

combines all components while maintaining proper alignment and clearances. The 

interference checking module identifies possible collisions and geometric problems 

within the assembly. The motion simulation module evaluates piston and rod 

movement under the required operating stroke. The structural analysis module 

evaluates stress, deformation, and displacement under applied mechanical and 

hydraulic loads. The pressure analysis stage can be used to study the effect of 

hydraulic pressure on the actuator components. The post-processing module presents 

simulation results through CAD views, motion results, stress plots, and performance 

data. The results are compared with the required design specifications and safety 

requirements. If improvements are required, component dimensions or materials are 

modified and the analysis is repeated. The final optimized actuator assembly is then 

prepared for manufacturing, testing, and further aerospace application. 

V. Result and Output 
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VI. Conclusion 

The Aircraft Hydraulic Actuator Assembly project successfully demonstrates the 

design and development of an aircraft hydraulic actuator using 3D CAD modeling and 

simulation techniques. The assembly consists of important components such as the 

cylinder, piston, piston rod, seals, end caps, mounting brackets, and hydraulic ports. 

The CAD assembly provides proper alignment between the individual components 

and allows the actuator's overall structure and movement to be examined before 

manufacturing. Motion simulation can be used to verify the piston and piston rod 

movement throughout the required stroke and to identify possible interference or 

clearance problems. 

Structural and pressure-based simulations help evaluate the actuator under operating 

conditions. Important parameters such as stress, deformation, strain, pressure 

distribution, and factor of safety can be studied to identify critical regions and 

improve the design. 

Overall, the project demonstrates that combining CAD modeling, assembly design, 

motion simulation, and structural analysis provides an effective approach for 

developing a reliable and efficient aircraft hydraulic actuator. The design can be 

further improved through fatigue analysis, leakage testing, dynamic analysis, 

optimization, and experimental validation before practical aerospace application. 
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