e A\erospace

An SAE International Group

AEROSPACE
INFORMATION
REPORT

SAE AIR1245 REV. B

Issued 1973-06
Revised 1995-07
Reaffirmed 2007-01
Stabilized 2012-05

Superseding AIR1245A

Power Sources for Fluidic Controls

RATIONALE

Committee A-6A3 voted during the Spring 2009 meeting in Valley Forge that this document should be stabilized. See

minutes paragraph A3.7.

STABILIZED NOTICE

This document has been declared "Stabilized" by the SAE A-6A3 Flight Control Systems Committee and will no longer be
subjected to periodic reviews for currency. Users are responsible for verifying references and continued suitability of
technical requirements. Newer technology may exist.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and

suggestions.
Copyright © 2012 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means electronic, mechanical,

photocopying, recording, or otherwise, without the prior written permission of SAE.

877-606-7323 (inside USA and Canada)
+1 724-776-4970 (outside USA)
724-776-0790
CustomerService@sae.org
http://www.sae.org

TO PLACE A DOCUMENT ORDER:  Tel:
Tel:
Fax:
Email:
SAE WEB ADDRESS:
Full document details: SAE AIR1245B

SAE values your input, T (it ovm’é’

on this Technical Report, piecse Nisitument Sharing [Hub
http://www.sae.org/technical/standards/AIR1245B



http://www.avadocuments.com/doc/sae-air1245b
http://www.avadocuments.com/doc/sae-air1245b

SAE AIR1245B Page 1 of 33

FOREWORD

As noted by the symbol (R) preceding the title on the titie block of this document, AIR1245A has been
rewritten and expanded from a 10 page document to a 33 page document.

Fluidics is a control technology that relies on the interaction of fiuid streams to provide sensing,
amplification, filtering, signal conditioning, signal summing, fluidic logic, feedback sensing and
implementation, and other control functions. Pure fluidics employs no moving part devices, but most
operational fluidic systems employ moving part peripheral elements such as linear and rotary motion
sensors, valves, actuators, switches, push buttons, and other devices that provide inputs to and
outputs from the fluidic elements in the system.

Since the original release of this document, significant changes have occurred in fluidic technology,
operating pressures, power conditioning, and the options available in the source of power, particularly
in the case of hydraulic-oil-based fluidic systems. In the 1960s and 1970s fiuidics was oversocld both
on its capabilities and on the state of the art at that time. The result was that engineers and managers
who might have applied it became disenchanted and the natural evolution of high technology fluidics
slowed drastically. In fact it is only now beginning to emerge as a viable technology for application in
sensing, signal transmission, signal processing, and control of high power actuation systems. Current
state of the art fluidics offers significant advantages over electronics when requirements call for:

Very high reliability

Operation in a harsh environment - high temperature, E3 (electromagnetic environmental effects),
EMI, EMP, directed beam weapons, and vibration

Protection from or immunity to nuclear and electromagnetic radiation or directed beam weapons
Nonelectronic active control

Lightweight

Low cost

=
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Fluidics is capable of relatively high performance in terms of band pass/frequency response. The
response is not as high as that of electronic systems, but meets most requirements for aerospace
applications, including flight control. The equivalent time delay, from input to output of the actuator, is
approximately the same as that of a typical digital fly-by-wire flight control system.
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FOREWORD (Continued)

Fluidics may be implemented in either gas or liquid-based systems. Liquid-based systems usually use
aerospace hydraulic system fluids and usually use prime hydraulic systems as their power source with
pressure control and conditioning devices to provide the typical power supply for the fluidic systems.
Gas-based systems are usually powered by bleed air from aircraft air-breathing engines, pneumatic
pumps, or by hot or warm gasses from products of combustion or by bottled cold gas supplies. In
addition to the functions noted, both gas and liquid-based fluidic systems, provide: interfaces with high
power actuation systems; inputs from rate and acceleration sensors; gain changing; actuator ram
position feedback; and inputs from manual and other mechanical inputs. Manual and other mechanical
input devices, feedback interfaces, and actuation system interfaces include both moving parts and
fluidic components, and they are usually integrated into a control module.

It is recognized that all of the information, specification parameters, nomenclature, symbology, test

procedures, and instrumentation cannot be complete at this stage of development of fluidic technology.
This document will be revised as the technology and applications develop.
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1. SCOPE:

This SAE Aerospace Information Report (AIR) presents a review of the types and general
characteristics of power sources that may be used to provide the power for gaseous or liquid fluidic
control systems. Fluidic definitions, terminology, units and symbols are defined in Reference 2.1.1.

1.1 Field of Application:

The power systems described and the data contained herein apply to all types of aerospace
vehicles including: aircraft, helicopters, missiles, space vehicles, remotely piloted vehicles, or in
any other vehicles or applications to which aerospace technology applies.

1.2 Definition:

Fluidics is a control technology that relies on the interaction of fluid (liquid or gaseous) streams to
provide sensing, amplification, filtering, signal conditioning, and other control functions. Pure
fluidics employs no moving-part devices, but most operational fluidic systems employ some
moving-part peripheral elements such as linear and rotary motion sensors, valves, actuators,
switches, push buttons, and other devices that provide inputs to and outputs from the fluidic
elements in the system.

1.3 Purpose:

The information in this document is intended to be used as guidelines in the selection of power
sources most appropriate to the requirements and characteristics of a particular vehicle or
system. it may also be used verbatim or as a guideline in the preparation of system or power
source specifications. Considerations, problem areas and benefits of the various power sources
and configurations are presented in order to assist in conducting trade studies and evaluations.

More detailed information on fluidic control technology, fluidic test methods and instrumentation,
and power sources for other applications is available in SAE AIRs and in SAE ARPs. These and
other references are all listed in Section 2.

2. REFERENCES:

2.1 Applicable Documents:
The following publications form a part of this specification to the extent specified herein. The
latest issue of SAE publications shall apply. The applicable issue of other publications shall be
the issue in effect on the date of the purchase order. In the event of conflict between the text of
this specification and references cited herein, the text of this specification takes precedence.

Nothing in this specification, however, supersedes applicable laws and regulations unless a
specific exemption has been obtained.
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2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA
15096-0001.

2.1.1.1 ARP993 Fiuidic Technology
2.1.1.2 AIR744 Auxiliary Power Sources for Aerospace Applications

2.1.2 U.S. Government Publications: Available from DODSSP, Subscription Services Desk, Building
4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

2.1.2.1 James W. Joyce, "A Catalog of Fluidic C-Format Laminates”, U.S. Army Electronics Research
and Development Command, Harry Diamond Laboratories Report No. HDL-SR-83-2, March
1983

2.1.2.2 James W. Joyce, "Design Guide for Fluidic Laminar Proportional Amplifiers and Laminar Jet
Angular Rate Sensors®, U.S. Army Electronics Research and Development Command, Harry
Diamond Laboratories Report No. HDL-SR-84-6, September 1984

2.1.2.3 James W Joyce and Richard N. Gottron, "Basic Components and Applications”, U.S. Army
Electronics Research and Development Command, Harry Diamond Laboratories Report No.
HDL-SR-83-August 1983

2.1.2.4 MIL-STD-1306 Fluerics: Terminology and Symbols, 8 December 1972

2.1.2.5 MIL-STD-1361 Fluidics: Test Methods and Instrumentation, 28 September 1973

2.1.2.6 MiL-H-5440 Hydraulic Systems, Aircraft, Types | and Il, Design, Installation and Data
Requirements

2127 MiL-P-5518 Pneumatic Systems, Aircraft, Design, Installation and Data Requirements for

2.1.28 MIiL-H-8891 Hydraulic Systems, Manned Flight Vehicles, Type lll, Design, Installation and
Data Requirements for

2.1.2.9 MIL-H-25475 Hydraulic Systems, Missile, Design, Installation, Tests and Data
Requirements

2.1.2.10 MIL-P-5954 Pump Unit, Hydraulic, Electric Motor Driven, Fixed Displacement

21211 MIL-P-5994 Pump, Hydraulic, Electric Motor Driven, Variable Delivery

21212 MIL-C-6388 Compressor Unit, Air, Aircraft, Shaft Driven, General Specification for
21.2.13 MIL-C-6591 Compressor Unit, Aircraft, Electric Motor Driven, General Specification for
21.2.14 MIL-V-7909 Valves, Hydraulic, Pressure Reducer

2.1.2.15 MIL-P-19692 Pumps, Hydraulic, Variable Delivery, General Specification for
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2.1.2.16

2.1.217

2.1.2.18

2.1.2.19

2.1.2.20

2.1.2.21

2.1.2.22

2.1.2.23

2.1.2.24

21.2.25

2.1.2.26

2.1.2.27

2.1.2.28

21229

2.1.2.30

2.1.2.31

2.1.2.32

MIL-T-25363
MIL-C-26805
MIL-A-5498
MIL-F-5504
MIL-P-7858
MIL-C-7905
MIL-R-8572

MIL-F-8815

MIL-F-27656
MIL-H-5606
MIL-H-83282
MIL-H 6083
MIL-P-8686
MIL-H-8446
MIL-H-46004
MIL-H-81019

MIL- E-5007

Full document details: SAE AIR1245B

Tank, Pneumatic Pressure, Aircraft, Glass Fiber

Compressor Units, Air, General Requirements for

Accumulators, Aircraft Hydropneumatic Pressure

Filters and Filter Elements, Fluid Pressure, Hydraulic Micronic Type
Pump, Hydraulic, Power Driven, Fixed Displacement

Cylinders, Compressed Gas, Nonshatterable

Reducers, Pneumatic Pressure, Aircraft

Filter and Filter Elements, Fluid Pressure, Hydraulic Line, 15 Micron
Absolute, Type Il Systems

Filter, Fluid, Pressure, Absolute 5 Micron, Hydraulic

Hydraulic Fluid, Petroleum Base, Aircraft and Ordnance

Hydraulic Fluid, Fire Resistant, Synthetic Hydrocarbon Base, Aircraft
Hydraulic Fluid, Petroleum Base, Preservative

Power Units, Aircraft Auxiliary, Gas-Turbine-Type, General Specification for
Hydraulic Fluid, Nonpetroleum Base, Aircraft

Hydraulic Fluid, Petroleum Base, Missile

Hydraulic Fluid, Petroleum Base, Ultra-low Temperature

Engine, Aircraft, Turbojet and Turbofan, General Specification for
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3. POWER SOURCES FOR FLUIDIC CONTROLS:

A variety of power sources are available for fluidic control systems. Tables 1 and 2 list the typical
sources of fluidic power and also include, for each power source, a list of applicable documents
and military specifications. These applicable documents and military specifications are listed in
Section 2.

The first decision, whether to use a gas or a liquid-based system, is usually defined by performance
requirements, system requirements, the environment, and the unique advantages and problem
areas associated with gas or liquid-based systems. With each type of system there is a choice of
basic power sources available and a further choice in power supply configurations. Just as an
electronic circuit needs a clean source of electrical power at a constant voltage and a dependable
and clean ground, so does a fluidic circuit need a supply of clean gas, or oil, at a constant pressure
and a constant return line pressure. Venting fluidic elements to return is akin to making a good
ground in electronics; the quality of the ground has an important effect on overall system
performance.

3.1 Types of Power Sources:

The most widely-used types of power sources are described below. These power sources
provide energy in the form of gas or liquid flow at various pressures and temperatures. In some
cases, energy conversion equipment may be required to convert the energy from another source
to the gas or liquid supply, such as from a gearbox to a liquid- based system, or from one
liquid/hydraulic-based system to a gas-based or another liquid-based power system.

The most widely used sources of fluidic power are:

Turbojet or turbofan engine bleed air

Bottle/accumulator stored cold gas for missiles

Warm or hot gas generator systems for missiles

Liquid-based systems using aircraft prime hydraulic system power with pressure reducers and
power conditioning (usually pressure and flow reducers/conditioners)

Independent liquid (preferably hydraulic fluid) based systems including fliuidic power system
pump(s), accumulators, power conditioning, etc. These systems can be powered by hydraulic
motors operating from: the aircraft prime hydraulic systems; engine driven gearboxes;
electric motor(s) driven by the aircraft electric power systems; or other power sources.

f. Fuel from the engine fuel system

apop

o

Each of the systems described above has distinct advantages, disadvantages and problems in
terms of performance, influences of the operating environment, temperature ranges, influences of
the operating medium, readily available power, reliability, maintainability, logistic support, cost,
and weight (see Table 3). Relatively extensive trade studies are required to select a near-
optimum medium and operating pressure. Table 3 presents some typical applications and typical
power sources.

Note that other power sources may apply equally well to the same application on other vehicles,
depending on the requirements.
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TABLE 1 - Candidate Power Sources
Power Extraction From Prime Propulsion Engine(s)
Candidate Power Source Applicable References
GAS TURBINE
Bieed Extraction From Flow Pathat- 2.1.2
Compressor Inlet (Inlet Diffuser)
Fan Discharge
Compressor Interstage 2.3.4,2.3.19,23.29
Exhaust Nozzle
Fuel at High Pressure 2.3.11, 2.3.16, 2.3.20, 2.3.22
Aircraft Hydraulic System 2.3.3, 2.3.5, 2.3.6, 2.3.7, 2.3.8, 2.3.11,
2.3.12,2.3.15, 2.3.16, 2.3.17, 2.3.20,
2.3.21,2.3.22,2.2.23,2.2.24,2.2.25,
2.2.26;22.27,2.2.28,2.2.29
Independent Hydraulic System Same as above (Aircraft Hydraulic System)
Pressurized Lubrication Oil
RECIPROCATING PISTON ENGINE
Bleed Extraction at
Inlet Manifold
Exhaust Manifold
Fuel at High Pressure 2.3.11,2.3.16, 2.3.20, 2.3.22
Coolant System Pressure 2.3.11,2.3.16, 2.3.20, 2.3.22
Pressure Lubrication Qil
Aircraft Hydraulic System 2.3.3,2.35,23.6,2.3.7,2.3.8,2.3.11,
2.3.12,2.3.15, 2.3.16, 2.3.17, 2.3.20,
2.3.21,2.3.22,2.3.23,2.2.24, 2.2.25,
2.2.26,2.2.27,2.2.28,2.2.29
Independent Hydraulic System Same as above (Aircraft Hydraulic System)
ROCKET ENGINES
Bleed Extraction at
Combustor Discharge
Exhaust Nozzle
Fuel (liquid at high pressure) 2.3.11, 2.3.16, 2.3.20, 2.3.21
Vehicle Hydraulic System 2.3.3, 2.3.5,2.3.6,2.3.7, 2.3.8, 2.3.11,
2.3.12, 2.3.15, 2.3.16, 2.3.17, 2.3.20,
2.3.21,23.22,2.3.23,2.2.24, 2.2.25,
2.2.26,2.2.27,2.2.28,2.2.29
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TABLE 2 - Candidate Power Sources
Power Extraction From Secondary Power Sources

AUXILIARY POWER UNIT
Bleed Extraction at
Turbine Gas Generator

Piston Compressor Discharge
Pressure Lubrication Oil
Turbine Driven Liquid Pumps
Backup to Primary Hydraulic Systems

SERVO GAS GENERATORS
Solid Propeliant

Liquid Propellant

COMPRESSED STORED GAS
Air Vehicle Pneumatic System

Propellant Tankage Boit Off
Life Support Gas

RAM AIR VENTURI TUBE

AIR VEHICLE SYSTEMS
Flight Control Systems, Hydraulic

Utility Power Systems, Hydraulic
Environmental Control Systems,
Types A & B Servo Air

2.1.2,2.34,23.9,62.3.13,2.3.18,2.3.19,
2.3.25
Same as above (Turbine Gas Generator)

2.3.3,2.35,2.3.6, 2.3.7,2.3.8,2.3.11,
2.3.12, 2.3.15,2.3.16, 2.3.17, 2.3.20,
2.3.21,2.3.22,2.3.23,2.2.24, 2.2.25,
2.2.26,2.2.27,2.2.28,2.2.29

See AIR744A, Sections 4 and 5
2.1.2,2.3.4,2.3.9,2.3.13,2.3.18,2.3.19,
2.3.25

Same as above (Solid Propellant)

See AIR744A, Section 6
2.1.2,2.34,23.9,2.3.13,2.3.18,2.3.19,

2.3.25

Same as above (Air Vehicle Pneumatic System)
Same as above -

2.3.3,2.3.5,2.3.6,2.3.7,2.3.8, 2.3.11,

2.3.12, 2.3.15, 2.3.16, 2.3.17, 2.3.20,
2.3.21,2.3.22, 2.3.23, 2.3.24, 2.3.25,

2.3.26, 2.3.27, 2.3.28, 2.3.29

Same as above (Flight Control Systems, Hydraulic)
2.1.2,2.3.4,2.3.9,2.3.13,2.3.18,2.3.19, 2.3.25
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