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1. SCOPE

This SAE Aerospace Standard (AS) provides general design and test requirements for a flat cut-off pressure compensated,
variable delivery hydraulic pump for use in a civil aircraft hydraulic system with a rated system pressure up to 5000 psi
(34500 kPa).

NOTE: Hydraulic pumps may incorporate features such as a clutch in the input drive, which will not be covered by this
standard.

1.1  Purpose

The requirements contained in this document are compiled for inclusion in a procurement specification for a civil type flat
cut-off pressure compensated, variable delivery hydraulic pump.

NOTE: The requirements in this AS should be reviewed by the purchaser and only those requirements that are applicable
for a specific application should be incorporated in the procurement specification.

1.2 Field of Application

This AS is primarily for hydraulic pumps driven by an engine; however, it also can be applied to pumps driven by other
power sources such as electric motors, ram air turbines, and engine bleed air turbines. These pumps may be soft cut-off
pressure compensated, variable delivery type due to input power limitations.

Pumps conforming to this standard are intended mainly for use in civil aircraft hydraulic systems conforming to the general
requirements of ARP4752, and the regulations of 14 CFR 25 and/or CS-25. However, pumps conforming to this AS can
also be used in:

e Civil aircraft hydraulic systems that conform to the regulations of 14 CFR 23 and/or CS-23. For these applications, the
equivalent 14 CFR 23 and/or CS-23 regulations should be used in place of the 14 CFR 25 and/or CS-25 regulations.

e Helicopter hydraulic systems that conform to the regulations of 14 CFR 27 and/or CS-27. For these applications, the
equivalent 14 CFR 27 and/or CS-27regulations should be used in place of the 14 CFR 25 and/or CS-25 regulations.

e Helicopter hydraulic systems that conform to the general requirements of ARP4925, and the regulations of 14 CFR 29
and/or CS-29. For these applications, the equivalent 14 CFR 29 and/or CS-29 regulations should be used in place of
the 14 CFR 25 and/or CS-25 regulations.

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this standard to the extent specified herein. The latest issue of the SAE documents
shall apply. The applicable issue of the other documents shall be the issue in effect at the date of the purchase order. In the
event of a conflict between the text of this document and the references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption
has been obtained.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AIR1922 Aerospace - System Integration Factors That Affect Hydraulic Pump Life
ARP1288 Placarding of Aircraft Hydraulic Equipment to Identify Phosphate-Ester Fluid Compatibility
ARP4386 Terminology and Definitions for Aerospace Fluid Power, Actuation and Control Technologies
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ARP4752 Aerospace - Design and Installation of Commercial Transport Aircraft Hydraulic Systems
ARP4925 Aerospace - Design and Installation of Commercial Transport Helicopter Hydraulic Systems
AS1241 Fire Resistant Phosphate Ester Hydraulic Fluid for Aircraft

AS1300 Port - Ring Locked Fluid Connection Type, Standard Dimensions for

AS4273 Fire Testing of Fluid Handling Components for Aircraft Engines and Aircraft Engine Installations
AS4941 Aerospace - General Requirements for Commercial Aircraft Hydraulic Components

AS5202 Port or Fitting End, Internal Straight Thread, Design Standard

2.1.2 EASA Publications

Available from European Union Aviation Safety Agency, Konrad-Adenauer-Ufer 3, D-50668 Cologne, Germany (for visitors
and for mail over 1 kg) and Postfach 10 12 53, D-50452 Cologne, Germany (for mail 1 kg or less); Tel: +49 221 8999 000,
WwWw.easa.europa.eu.

CS-23 Certification Specifications for Normal, Utility, Aerobatic and Commuter Aeroplanes
CS-25 Certification Specifications for Large Aeroplanes

CS-27 Certification Specifications for Small Rotorcraft

CS-29 Certification Specifications for Large Rotorcraft

2.1.3 FAA Publications

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591,
Tel: 866-835-5322, www.faa.gov.

14 CFR 23 Code of Federal Regulations, Part 23 Airworthiness Standards: Normal, Utility, Acrobatic, and Commuter
Category Airplanes

14 CFR 25 Code of Federal Regulations, Part 25 Airworthiness Standards: Transport Category Airplanes
14 CFR 27 Code of Federal Regulations, Part 27 Airworthiness Standards: Normal Category Rotorcraft
14 CFR 29 Code of Federal Regulations, Part 29 Airworthiness Standards: Transport Category Rotorcraft
2.1.4 1SO Publications

Copies of these documents are available online at https://webstore.ansi.org/.

ISO 2685 Aircraft - Environmental Test Procedure for Airborne Equipment - Resistance to Fire in Designated Fire
Zones

2.1.5 RTCA Publications
Available from RTCA, Inc., 1150 18th Street, NW, Suite 910, Washington, DC 20036, Tel: 202-833-9339, www.rtca.org.

RTCA/DO-160 Environmental Conditions and Test Procedures for Airborne Equipment
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2.1.6 U.S. Government Publications

Copies of these documents are available online at https://quicksearch.dla.mil.

MIL-PRF-5606 Hydraulic Fluid, Petroleum Base; Aircraft, Missile and Ordnance

MIL-PRF-83282 Hydraulic Fluid, Fire Resistant Synthetic Hydrocarbon Base, Aircraft, NATO Code Number H-537
MIL-PRF-87257 Hydraulic Fluid, Fire Resistant Synthetic Hydrocarbon Base, Aircraft and Missile

MIL-STD-810 Environmental Engineering Considerations and Laboratory Tests

2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AS19692 Aerospace - Military Type Variable Delivery, Pressure Compensated Hydraulic Pump
2.3 Definitions

Refer to ARP4386 for general hydraulic system terms that are used in this SAE Aerospace Standard.
DESIGN OPERATING PRESSURE: This is the normal maximum steady pressure.

NOTES:

1. Excluded are reasonable tolerances, transient pressure effects such as may arise from pressure ripple, reactions to
system functioning, or demands that may affect fatigue.

2. This term is used in the 14 CFR 25 and CS-25.1435(a)(1) airworthiness regulation that is concerned with the strength
of each hydraulic system element, including hydraulic components.

3. This definition is too general to be used in pump design; instead, “rated discharge pressure” is considered to adequately
encompass its implied meaning.

DISCHARGE PRESSURE PULSATIONS: These are the oscillations of the discharge pressure, occurring during nominally
steady-state operating conditions, at a frequency equal to the number of pistons times the drive shaft speed, or a multiple
thereof.
NOTES:

1. The peak-to-peak amplitude of the oscillations is the difference between the average minimum and the average
maximum oscillations recorded during a 1-second trace.

2. This is a characteristic of the pump and the system operating together.

FLAT CUT-OFF PRESSURE COMPENSATED, VARIABLE DELIVERY HYDRAULIC PUMP: This is a pump that provides
nearly constant pressure at the pump output at all flows lower than the maximum flow capacity of the pump.

See Figure 1 for the pressure-flow characteristics of this type of pump.
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g Actual pressure/delivery
a characteristics
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G = Minimum rated flow (see 3.3.8)
G\ = Maximum rated flow (see 3.3.8)

p. = rated discharge pressure (see 3.2.1) §
pw = maximum full-flow pressure (see 3.2.2) \

>

Delivery, g

qN‘i N2

NOTES:

1. This diagram is given as an indication. It may be presented in a different
way, for example, the axes may be reversed

2. The Procurement Specification may specify the maximum zero-pressure flow.

Figure 1 - Pressure/delivery characteristics of a flat cut-off
pressure compensated, variable delivery hydraulic pump

MAXIMUM CASE DRAIN PRESSURE: This is the maximum pressure developed within the case of the pump.

NOTE: This could include failure conditions (for example, the bypass pressure of the case drain system filter at its terminal
dirt capacity).

MAXIMUM FULL-FLOW PRESSURE: This is the point of pump saturation where the pump displacement is at its maximum
and any additional flow demand will result in the reduction of the pump discharge pressure.

MAXIMUM INLET PRESSURE: This is the maximum steady-state inlet pressure at which the pump may be required to
operate.

MAXIMUM TRANSIENT DISCHARGE PRESSURE: This is the peak value of the discharge pressure recorded during a
discrete transient event (normally found when cycling from the maximum full flow pressure to rated pressure (zero flow).

MINIMUM INLET PRESSURE: This is the lowest inlet pressure at which the pump may be required to operate during a
system failure or a system high flow transient condition. Documents
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PUMP OVERALL EFFICIENCY: This is defined as a ratio of the pump output power (hydraulic) to the pump input power
(mechanical).

NOTE: The efficiency includes volumetric efficiency.

PUMP CASE DRAIN PORT (also called the PUMP COOLING PORT): This is the location where the pump case leakage
flow is directed out of the pump and returned to the hydraulic system reservoir.

PUMP INLET PORT (also called the PUMP SUCTION PORT): This is the location where the fluid is supplied to the pump
by the hydraulic system reservoir.

PUMP OUTLET PORT (also called the PRESSURE PORT or the DELIVERY PORT or the DISCHARGE PORT): This is
the location where the pump discharges pressurized flow to the hydraulic system.

PUMP SHAFT DRAIN PORT (also called the DRAIN PORT or the SHAFT SEAL PORT): This is the location where any
shaft seal leakage flow is collected for external drainage.

PURCHASER: This is the organization that has the engineering responsibility for the hydraulic system including the pump.

NOTE: Typically, the purchaser is an aircraft manufacturer, a system supplier, or a modification center. The purchaser is
responsible for the compilation of the procurement specification.

PROCUREMENT SPECIFICATION: This is the document that includes the following:
a. Technical requirements

b. Acceptance and qualification test requirements

c. Reliability requirements

d. Quality requirements

e. Packaging requirements

RATED CASE DRAIN PRESSURE: This is the nominal pressure at the pump case drain port at which the pump is required
to operate continuously in the system.

RATED DISCHARGE PRESSURE: (pn in Figure 1) This is the nominal discharge pressure that the pump is required to
maintain at rated temperature, rated speed, rated inlet pressure, rated case drain pressure, and zero flow.

RATED ENDURANCE: This is the total number of hours and cycles of operation to be included in the endurance phase of
its qualification testing.

RATED FLOW: (gn in Figure 1) This is the measured flow rate of the pump under conditions of:
o Rated temperature

e Rated speed

e Rated inlet pressure

e Rated case drain pressure

e  Maximum full-flow pressure

e Using the hydraulic fluid specified in the procurement specification
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RATED INLET PRESSURE: This is the minimum pressure at the inlet port of the pump when it is operating at rated speed,
maximum full-flow pressure, and rated temperature.

RATED SPEED: This is the maximum speed at which the pump is designed to operate continuously at the rated
temperature.

RATED TEMPERATURE: This is the maximum continuous temperature of the fluid to be supplied at the inlet port of the
pump.

RESPONSE TIME: This is an indicator of the time to recover a steady-state displacement after the application of a flow
demand disturbance.

NOTES:

1. On most pump models it is not possible to measure the pump displacement (i.e., the theoretical volume delivered by
the pump in one revolution). Instead, a test can be carefully designed wherein it is possible to deduce the change in
displacement of the pump by the inspection of the pump discharge pressure. This measurement is called “response
time,” as it is a dynamic characteristic of a pump operating in a specified discharge circuit. It is not strictly an attribute
of the pump. For this reason, the term “response time” is used throughout this document instead of “pump response
time.” In such a test, the response time is the time interval between the instant when an increase (or decrease) in
discharge pressure changes initiates; and the subsequent instant when the discharge pressure reaches its first
maximum (or minimum) value.

2. In Figures 2 and 3, the time intervals t1 and tz are the response times as a function of the system impedance. The real-
time plot of discharge pressure versus time is used as the criterion of movement of the flow control mechanism.

1.0 s maximum

A 4

t, Maximum transient discharge

pressure (3.2.18)
N\

Negative step in flow demand —_ |

/ \\ / = B TN U —
o NaEREN ~— 7 ~— T_
/ \\\_// -~
~ "
- U Discharge pressure
\ / pulsations (3.2.14)

Rated discharge
pressure (3.2.1)

Maximum full-flow
pressure (3.2.2)

Figure 2 - Typical variation of discharge pressure against time - transient from maximum
full-flow pressure to rated discharge pressure (zero-flow)
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f3 Discharge pressure
pulsations (3.2.14)

F 3
A4

Rated discharge

TN\ /_pressure (3.2.1)
\
/v_.. \ — -

Positive step in flow demand

»
L

s
Maximum full-flow
pressure (3.2.2)
90% Maximum full-flow
pressure (6.6.3)
t Minimum Discharge Pressure
- 2 N (6.6.3)

Figure 3 - Typical variation of discharge pressure against time - transient from rated discharge
pressure (zero-flow) to maximum full-flow pressure

SCATTER FACTOR: This is the multiplication factor to be applied for hydraulic impulse fatigue testing when pressure
impulse testing is conducted on one or more test specimens.

STABILITY: This is the freedom from persistent or quasi-persistent oscillation or “hunting” of the delivery control mechanism
at any frequency that can be traced to the pump delivery control means, within stated limits in the procurement specification.

SOFT CUT-OFF PRESSURE COMPENSATED, VARIABLE DELIVERY HYDRAULIC PUMP: This is a pump that
incorporates a control means to reduce the slope of the steady-state pressure/flow curve to achieve two objectives:

o Keep the maximum flow at the lower pressure
e Develop full pressure at reduced flow

SUPPLIER: This is the organization that has the responsibility for the design, production, and qualification of the pump.
Normally, the purchaser would approve the supplier for the design, development, and manufacture of these pumps.

3. REQUIREMENTS
The purchaser shall prepare a procurement specification for each pump for which design approval is desired.
3.1  General

The requirements of AS4941 apply with the exceptions and additions specified herein. The procurement specification shall
take precedence in the case of a conflict between the requirements of this standard and the procurement specification.

3.1.1  System Specification

The pump shall be designed for installation in hydraulic systems as defined in ARP4752, and as defined in the procurement
specification.
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3.1.2 System Characteristics

The procurement specification shall include the characteristics of the hydraulic system in which the pump is to be used.
3.1.3  Hydraulic Fluid

The procurement specification shall state the applicable hydraulic fluid.

3.1.3.1  Hydraulic Fluid Contamination

The procurement specification shall state the hydraulic fluid contamination limits per AS4059 for:

a. Aircraft at new build

b. In-service (typical and maximum)

3.1.4 Airworthiness Regulations

The hydraulic pump shall comply with Title 14 of the Code of Federal Regulations (14 CFR), Part 25 (for U.S. certified
aircraft) or to EASA Certification Specifications (CS) (for European certified aircraft).

The sections in these regulations that apply to hydraulic pumps are as follows:
a. 25.581 - Lightning protection

b. 25.899 - Electrical bonding and protection against static electricity

c. 25.901(c) - Installation (regarding Sustained Engine Imbalance)

d. 25.1163 - Powerplant accessories

e. 25.1183 - Flammable fluid-carrying components

f.  25.1301(a), (b) - Function and installation

g. 25.1309(a) - Equipment, systems, and installations

h. 25.1435 - Hydraulic systems

i. C€S825.1541 - Markings and placards, General

The impact of these requirements on the design, manufacture, and qualification of civil-type hydraulic pumps will be referred
to in this document.

AS4941 covers the following airworthiness regulations, which also affect the design of civil hydraulic pumps:
a. 25.603 - Materials
b. 25.613 - Material strength properties and design values

c. 25.621 - Casting factors
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3.1.5 Fluid Immersion Requirements

3.1.5.1  Electrical Components

If the pump contains electrical components which are in contact with the system hydraulic fluid (partially or completely), they
shall conform to all the functional and performance requirements specified hereinafter being immersed in the applicable
hydraulic fluid (see 3.1.3) for 72 hours at the rated hydraulic fluid temperature specified in 3.2.6.

3.1.5.2 Nonmetallic Parts

If the pump contains non-metallic parts other than standard seals in standard glands, it shall conform to all the functional
and performance requirements specified hereinafter being immersed in the applicable hydraulic fluid (see 3.1.3) for 7 days
at the rated hydraulic fluid temperature specified in 3.2.6.

3.2 Performance Requirements

3.2.1 Rated Discharge Pressure

The procurement specification shall state the value of the rated discharge pressure.

NOTE: The following nominal values of rated discharge pressure are commonly used:

a. 1500 psi (10345 kPa)

b. 3000 psi (20690 kPa)

c. 4000 psi (27586 kPa)

d. 5000 psi (34482 kPa)

The permissible tolerance range for the rated discharge pressure shall be +50 psi (+345 kPa) unless otherwise specified in
the procurement specification. This tolerance range shall be doubled for fluid temperatures below 100 °F (38 °C) or pump

speeds from 25 to 50% of the rated speed.

The pump shall be able to maintain the rated discharge pressure, using the hydraulic fluid specified in the procurement
specification, at the following range of conditions:

e From 20 °F (-7 °C) to the rated temperature
e From 50 to 100% of the rated speed

o Atrated inlet pressure

3.2.2 Maximum Full-Flow Pressure

NOTE: This is pmin Figure 1.

The maximum full-flow pressure shall be between 0 to 200 psi (0 to 1380 kPa) less than the rated discharge pressure (see
Figure 1) unless otherwise specified in the procurement specification.

3.2.3 Inlet Pressures
3.2.3.1 General

The inlet pressure shall be measured at the inlet port of the pump in a manner that indicates the static head.
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