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1. SCOPE:

This SAE Aerospace Information Report (AIR) contains technical information on aerospace hydraulic, 
actuation and support equipment technologies lessons learned.  The lessons learned were prepared 
by system designers and hydraulic engineers from the aerospace industry and government services 
as part of SAE Committee A-6, Aerospace Fluid Power, Actuation, and Control Technologies, and were 
presented at eight Lessons Learned Symposia from 1989 through 1999 held during A-6 Committee 
meetings.  The technical topics represent many years of design experience in hydraulics and 
actuation, which it is felt is a resource for learning that should be documented and made available to 
current and future aerospace hydraulic engineers and designers.  The document is organized into two 
sections:  systems and components with further categories within the components section.  The 
information topics are presented in a concise format of problem, issue, and solution, with 
accompanying descriptive diagrams and illustrations for clarity and understanding.

2. REFERENCES:

There are no referenced publications specified herein.

3. TECHNICAL INFORMATION:

3.1 Systems Lessons Learned Topics:

This section contains topics that relate to the overall hydraulic power generation and distribution 
system, as they affect the total system function and performance.  Figures 3.1.1 through 3.1.23.
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FIGURE 3.1.1 - Power Conversion Efficiency
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FIGURE 3.1.2 - Biased Trade Studies
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FIGURE 3.1.3 - Pump Overheat and Rapid Wear

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r45

43
a

https://saenorm.com/api/?name=165ab8cd9338c27c01d1f320dfda1986


SAE    AIR4543 Revision A

- 6 -

FIGURE 3.1.4 - Excessive Pump Pressure Ripple in System
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FIGURE 3.1.5 - Pump or Motor Case Drain Line Design

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r45

43
a

https://saenorm.com/api/?name=165ab8cd9338c27c01d1f320dfda1986


SAE    AIR4543 Revision A

- 8 -

FIGURE 3.1.5 (Continued)
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FIGURE 3.1.6 - Pump Cavitation

FIGURE 3.1.7 - Pump Suction Line Bursting
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FIGURE 3.1.7 (Continued)
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FIGURE 3.1.8 - Hydraulic System Noise
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FIGURE 3.1.9 - Effect of JAR/FAR Requirement on Flight Control Surface Operation

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r45

43
a

https://saenorm.com/api/?name=165ab8cd9338c27c01d1f320dfda1986


SAE    AIR4543 Revision A

- 13 -

FIGURE 3.1.10 - System Instability Due to Air in Pump Suction Line

FIGURE 3.1.11 - Low Pressure Cavitation During Valve Endurance Test
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FIGURE 3.1.12 - Failure of All Four Hydraulic Systems Due to
Blowout of the Aft Bulkhead.  (Normal flight control
was lost and the airplane crashed into a mountain.)
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FIGURE 3.1.13 - Inadequately Sized Hand Pump Suction Line
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FIGURE 3.1.14 - Hydraulic Component Installation/Tubing TolerancesSAENORM.C
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FIGURE 3.1.15 - Loss of Hydraulic Pressue Due to Air in the System
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FIGURE 3.1.16 - System Overheat Caused by Inefficient Pump
and Lack of Heat Exchanger
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FIGURE 3.1.17 - Spurious Hydraulic Reservoir Low Air Pressure Warning
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FIGURE 3.1.18 - False Pressure Transmitter Indication
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FIGURE 3.1.19 - Hydraulic System Failures Due to Tire
Bursts in the Wheel Well

FIGURE 3.1.20 - Failure of Both Hydraulic Systems
Due to Failure of a Landing Gear Link
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FIGURE 3.1.21 - Simultaneous or Out-of-Order Sequencing
of System Functions
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FIGURE 3.1.22 - Tolerance Stack-Up on Old Drawings
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FIGURE 3.1.22 (Continued)
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FIGURE 3.1.23 - Intrasystem Fluid Transfer
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3.2 Component Lessons Learned Topics:

This section contains hydraulic component and actuation lessons learned topics and is grouped into 
major component categories including accumulators, servoactuators and cylinders, filters and fluids, 
corrosion, materials and processes, pumps, seals, fittings and tubing, and valves.

3.2.1 Accumulators: This section contains lessons learned topics relating to hydraulic accumulators.  
The lessons learned are presented in Figures 3.2.1.1 through 3.2.1.4.
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FIGURE 3.2.1.1 - Excessive or Premature Leakage Across Accumulator Seals
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FIGURE 3.2.1.1 (Continued)
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FIGURE 3.2.1.2 - Premature Failure of Accumulator End Caps
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FIGURE 3.2.1.2 (Continued)
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FIGURE 3.2.1.3 - False Accumulator Gage Reading
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FIGURE 3.2.1.4 - Hydraulic Accumulator Safety
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FIGURE 3.2.1.4 (Continued)
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3.2.2 Servoactuators and Cylinders: This section contains lessons learned topics relating to hydraulic 
servoactuators and cylinders.  The lessons learned are presented in Figures 3.2.2.1 through 
3.2.2.25.
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FIGURE 3.2.2.1 - Pressure Intensification in Extending Cylinder
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FIGURE 3.2.2.2 - Servovalve Separation From the Manifold Due
to Servoactuator Velocity Limiting
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FIGURE 3.2.2.3 - Galling of the Cylinder Lock Mechanism
When Unlocked Under High Loads
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FIGURE 3.2.2.4 - Fatigue Failures in Cylinders With
Parting Line Through Ports
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FIGURE 3.2.2.5 - Rejection of Low Friction Actuators
for Dynamic Leakage
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TABLE 1 - Seal Design Considerations
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FIGURE 3.2.2.6 - Fatigue Damage to Loaded Structure and Cylinders
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FIGURE 3.2.2.7 - Velocity Control of Extending Actuator
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FIGURE 3.2.2.8 - Velocity Control of Retracting Actuator
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FIGURE 3.2.2.9 - Aileron Failed to Operate
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FIGURE 3.2.2.10 - Fully Retracted Actuator Fails to Extend Against Load
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FIGURE 3.2.2.11 - Qualification Test Impulse Failures of
Valves and Actuators

FIGURE 3.2.2.12 - Inadvertent Actuation of ∆P Switches or ∆P Operated
Valves in Servoactuators for High Response Rate Flight Controls
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FIGURE 3.2.2.13 - Aluminum Manifold Fatigue
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FIGURE 3.2.2.14 - Piston Head Separation
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FIGURE 3.2.2.15 - Internal Threads in Aluminum Actuators and Components
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FIGURE 3.2.2.16 - Long-Term Wear of Flight Control Bungee Assemblies
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FIGURE 3.2.2.17 - Ball Bearing Failures on Servo Input Shaft on Actuator

FIGURE 3.2.2.18 - Ball Bearing Failure on Servo Input Shaft
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FIGURE 3.2.2.19 - Premature Actuation of Switches and Valves
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FIGURE 3.2.2.20 - Latent Failures in the Design of Flight Control Components
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FIGURE 3.2.2.21 - Fly by Wire Actuator Pressure Fatigue Failures
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FIGURE 3.2.2.22 - Uncommanded T-2C Flight Control System Inputs
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FIGURE 3.2.2.23 - Salvage of Hydraulic Cylinder BoresSAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r45

43
a

https://saenorm.com/api/?name=165ab8cd9338c27c01d1f320dfda1986


SAE    AIR4543 Revision A

- 58 -

FIGURE 3.2.2.24 - Acceptance Test Procedures - Hydraulic Components

FIGURE 3.2.2.25 - Flight Control Attachment Bolt Failure - 3/16 in
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3.2.3 Filtration, Filters, and Fluids: This section contains lessons learned topics relating to hydraulic 
filtration, filters and fluids.  The lessons learned are presented in Figures 3.2.3.1 through 3.2.3.18.

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r45

43
a

https://saenorm.com/api/?name=165ab8cd9338c27c01d1f320dfda1986


SAE    AIR4543 Revision A

- 60 -

FIGURE 3.2.3.1 - Valve Rejections Due to Supplier/Contractor
Fluid Filtration Variances
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FIGURE 3.2.3.2 - MIL-F-8815 Aircraft Filters Perform
Unsatisfactorily in Ship and Submarine Applications
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FIGURE 3.2.3.3 - Contamination Due to Filter Bypass Reliefs
Lifting Results in Costly Maintenance of Servovalves
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FIGURE 3.2.3.4 - Entrapped Contamination
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FIGURE 3.2.3.5 - Viscosity Effects on Performance
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FIGURE 3.2.3.6 - Failure of MIL-F-8815/2-8 Filter Housing
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FIGURE 3.2.3.7 - Contamination of Hydraulic Fluid During StorageSAENORM.C
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FIGURE 3.2.3.8 - Inadequate Component Life at Elevated Temperatures
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FIGURE 3.2.3.9 - Ice Formation in Hydraulic Fluid
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FIGURE 3.2.3.10 - Fluid Additive Caused Stuck Servovalve
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FIGURE 3.2.3.11 - Hidden Zero Pressure Volume in Filter
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FIGURE 3.2.3.12 - Case Drain Filter Replacement Interval
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FIGURE 3.2.3.13 - Hydraulic Fluid Oxidation
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FIGURE 3.2.3.14 - Hydraulic System Fluid Clean-Up
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FIGURE 3.2.3.15 - Delta Pressure Filter Indicators Popping

FIGURE 3.2.3.16 - By-Pass Type Pressure Filter and Delta “P” Button Surveillance
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FIGURE 3.2.3.17 - Flushing System to Class 6

FIGURE 3.2.3.18 - Hydraulic Component Accessibility - Filters
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3.2.4 Corrosion, Materials, and Processes: This section contains lessons learned topics relating to 
corrosion, materials, and processes.  The lessons learned are presented in Figures 3.2.4.1 through 
3.2.4.16.
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FIGURE 3.2.4.1 - Casting Fatigue
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FIGURE 3.2.4.2 - Sliding Piston “Sticking” in BoreSAENORM.C
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FIGURE 3.2.4.3 - Valve Jam Caused by Retained Austenite
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FIGURE 3.2.4.4 - Corrosion, Caused by Chlorine Contamination in
MIL-H-5606 Hydraulic Fluid Can Cause Erratic Behavior and

Failure of Servovalves, Actuators, and Pumps
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FIGURE 3.2.4.5 - Failure of Aluminum at Elevated Pressures
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FIGURE 3.2.4.6 - Shot Peening of Barrels
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FIGURE 3.2.4.7 - Leakage and Inferior Structural Integrity
Associated With Porosity in Cast Manifolds
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FIGURE 3.2.4.8 - Vanadium Permendur Material Strength Not as Published

FIGURE 3.2.4.9 - Pressure Transducer Failed from Potting
Expansion and Moisture Entry
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FIGURE 3.2.4.10 - Internal Corrosion of Hydraulic Components
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FIGURE 3.2.4.11 - Anodize Effect on Fatigue Life of Aluminum
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FIGURE 3.2.4.12 - Hydrogen Embrittlement of Hydraulic Component Bolts
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FIGURE 3.2.4.13 - Counter Drill Hole Designs Lead to Thin Wall Conditions
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FIGURE 3.2.4.14 - Deburring Approaches
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FIGURE 3.2.4.14 (Continued)
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FIGURE 3.2.4.15 - Tungsten Carbide Coating Rework
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FIGURE 3.2.4.16 - Rotating Joint Lubrication
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3.2.5 Pumps: This section contains lessons learned topics relating to hydraulic pumps.  The lessons 
learned are presented in Figures 3.2.5.1 through 3.2.5.15.
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FIGURE 3.2.5.1 - Pump Cavitation/Erosion
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FIGURE 3.2.5.2 - Specification Performance Requirements at Extended
(Low and High Speed/Pressure) Conditions

FIGURE 3.2.5.3 - Catastrophic Pump/Motor Failure at Start-Up

FIGURE 3.2.5.4 - Short Pump Life Due to Low Inlet Pressure
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FIGURE 3.2.5.5 - Early Pump Failures Due to Rapid Air-Turbine
Starts of the B-52 Hydraulic Packs (Ten Per Shipset)
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FIGURE 3.2.5.6 - Force Fight Between Two Pumps in the Same System
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FIGURE 3.2.5.6 (Continued)
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FIGURE 3.2.5.6 (Continued)
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FIGURE 3.2.5.6 (Continued)
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FIGURE 3.2.5.6 (Continued)
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FIGURE 3.2.5.6 (Continued)
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FIGURE 3.2.5.7 - Dual Pressure Pump Instability
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FIGURE 3.2.5.8 - Timing of Dual Pressure Pumps
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FIGURE 3.2.5.9 - Pump Performance With Phosphate Ester Fluid
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FIGURE 3.2.5.10 - Hydraulic Pump Fires
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FIGURE 3.2.5.11 - Pump Case Scavenge Device
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FIGURE 3.2.5.12 - Pump Instability Caused by Check Valve
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FIGURE 3.2.5.13 - Pump Fire Test
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FIGURE 3.2.5.14 - Bronze Pump and Motor Cylinder Blocks

FIGURE 3.2.5.15 - Pump Gearbox Installation - Shaft Seal Leakage
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3.2.6 Seals: This section contains lessons learned topics relating to hydraulic seals and seal design.  
The lessons learned are presented in Figures 3.2.6.1 through 3.2.6.26.
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FIGURE 3.2.6.1 - Spherical Ball Swivel LeakageSAENORM.C
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FIGURE 3.2.6.2 - Servoactuator Piston Seal Blowby

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r45

43
a

https://saenorm.com/api/?name=165ab8cd9338c27c01d1f320dfda1986


SAE    AIR4543 Revision A

- 114 -

FIGURE 3.2.6.3 - Tight Rod Seal Leakage Requirements Are
Difficult to Achieve Using a Single Seal

FIGURE 3.2.6.4 - Rapid Seal Wear of a PTFE Piston Head Seal
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FIGURE 3.2.6.5 - Use of Small Cross-Section O-rings
(Less Than 0.103 in Cross-Section Diameter)
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FIGURE 3.2.6.6 - Use of Small Cross-Section O-rings
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FIGURE 3.2.6.7 - Small Actuator Piston Ring Leakage Blowby
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FIGURE 3.2.6.8 - Deterioration of O-rings Exposed to Different Fluids,
e.g., Pump Coupling Shaft in Flooded Gearbox

FIGURE 3.2.6.9 - Fluid Leakage in Guided Missiles
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FIGURE 3.2.6.10 - Reservoir High Pressure Seal Leakage
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FIGURE 3.2.6.11 - Wear of Aluminum Bore by PTFE Seals
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FIGURE 3.2.6.12 - Failure of Nylon Poppet Value SeatSAENORM.C
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FIGURE 3.2.6.13 - Seal Degradation from High System TemperaturesSAENORM.C
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FIGURE 3.2.6.14 - Stiction of a Rubber Seal on a Reservoir Piston Caused Pump Cavitation
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FIGURE 3.2.6.15 - Use of Face Seals or Quills (Transfer Tubes)
at Hydraulic Interfaces

FIGURE 3.2.6.16 - Damage to Seals from Hydraulic Pump Ripple
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FIGURE 3.2.6.17 - Unbalanced Transfer Tube to Eliminate Seal Wear
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FIGURE 3.2.6.18 - Reservoir Relief Valve Poppet Seal Failures

FIGURE 3.2.6.19 - Uncut Back-Up Rings Cause Pressure Trap
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FIGURE 3.2.6.20 - Nitrile O-ring Leakage at -65 °F
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FIGURE 3.2.6.20 (Continued)
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FIGURE 3.2.6.20 (Continued)
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FIGURE 3.2.6.21 - Seal Wear and Intersystem Leakage
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FIGURE 3.2.6.22 - Seal Nibbling Caused by Large Scarf Cut Backup Ring
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FIGURE 3.2.6.23 - Pressure Traps Caused by PTFE Backup Rings in AS4716 Seal Grooves
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FIGURE 3.2.6.24 - Damaged Backup Ring
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FIGURE 3.2.6.25 - Seal Engagement
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FIGURE 3.2.6.26 - Compressing Solid Backup RingsSAENORM.C
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3.2.7 Tubing, Fittings, Bosses, and Hoses: This section contains lessons learned topics relating to 
hydraulic tubing, fittings, bosses, and hoses.  The lessons learned are presented in Figures 3.2.7.1 
through 3.2.7.13.
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FIGURE 3.2.7.1 - Hydraulic Tubing Failures Due to
Excessive Ovality in the Bends

FIGURE 3.2.7.2 - Leaking Fittings
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FIGURE 3.2.7.3 - Male/Female Lip Seal Connection Damage
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FIGURE 3.2.7.4 - Damaged Ports
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FIGURE 3.2.7.5 - Teflon Covered Tube Clamp
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FIGURE 3.2.7.6 - Hose Assembly Tolerances
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FIGURE 3.2.7.7 - Short Hose Assemblies
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FIGURE 3.2.7.8 - Hose Drawing Tolerances
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FIGURE 3.2.7.8 (Continued)
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FIGURE 3.2.7.9 - Hose Installation Practices
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FIGURE 3.2.7.9 (Continued)
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