AEROSPACE ARP739 REV. A
INTERNATIONAL.- RECOMMENDED PRACTICE | issued 1963-08

Reaffirmed 2008-07
Stabilized 2014-11

Superseding ARP739

Gas Power Servos and Reaction Control Systems

RATIONALE
This document has been determined to contain basic and stable technology which is not dynamic in nature.
STABILIZED NOTICE
This document has been declared "Stabilized" by the SAE A-6B1 Hydraulic Servo Actuation 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 © 2014 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.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada) SAE values your input, 1o trovi
Tel: +1724-776-4970 (outside USA) on this Technical Repourt, piecse Nisitument Sharing [Hub
Fax: = 724-776-0790 http://www.sae.org/technical/standards/ARP739A
Email: CustomerService@sae.org

SAE WEB ADDRESS: http://www.sae.org

Full document details: SAE ARP739A


http://www.avadocuments.com/doc/sae-arp739a
http://www.avadocuments.com/doc/sae-arp739a

SAE INTERNATIONAL ARP739A Page 1 of 16

1. PURPOSE: This ARP is intended to promote better understanding of gas system
characteristics and operation in order to aid in system selection and design.

2, SCOPE: Various gas systems are classified in a broad sense, component opera=-
tIon is described in moderate detail, pertinent design parameters are discus-
sed, and possible modes for system operation are listed.

3, CIASSES OF SYSTEMS: Classification of gas systems will necessarily be more
‘complex than that of hydraulics because of the broader temperature ranges
and the number of possible energy sources. For standardization, a four cate-
gory identification system is used which considers the type of system, opera-
ting temperature, energy source, and mission time. These categories are de-
fined in the following sections,

3.1 Typs of System: Qas systems shall be identified and designated accordingly:

Identification Deaiﬁ tion Remarks

Actuation System A Systems used for positioning,
such as but not limited to,
flight control surfaces, thrust
vector devices, valve actu-
ation and nuclear control de-
vices.

Information Systen C Systems used for position
sensing, computing control
parameters, and performing
control functions,

Reaction System D Systems achieving control by
utilizing gas reaction forces.

3.2 Qperating Temperature: Shall be defined as the temperature at which the
clompﬁete system 18 capable of operating during the entire mission time.
Specific considerations of working fluid temperature, duty cycle, insulation,

and heat sink must be considered before this classification can be specified.
Classes are as follows:

Classification Lowsr Limit Temperature
Class I - =300°F
Class II - - 65°F

To define the upper 1im115 temperature, add the operating temperature, as
defined above, in degrees Fahrenheit to the class designation.
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3.3 Gas Media: Types of energy sources will be specified as followss

3.k

3.5

L.

Enexgy Source Designation
Stored or Compressed Gas (including ram air) Sa
Solid Propellant SP
Monopropellant (liquid or gas) MP
Bipropellant (liquid or gas) BP
Gel Propellants apP
Cryogenic Fluids CF

Mission Duration and Duty: Each gas system identification shall include
mission time classilication accordingly:

Mission Time Desigggtion

0 to 10 sec

10 to 60 sec

60 to 300 sec

300 sec to 1.0 hr
1.0 hr to 24 hrs
2l hrs and over

HEoQw >

The mission time consists of actual gas system operating period plus any high
temperature soaking periods, To the designation letter add a "C" for contin-
wous duty or an "I" for intermittent duty.

TIdentificationt A four part system shall be used to identify each gas system.
Part 1 Part 2 Part 3 Part L

Type of Temperature Energy Mission

System Class Source Duration

For example, an
A-CLASS II 300-SP-CC

system 18 an actuation device, operating in the -65 to +300°F range, using
a 80l1id propellant for a mission duration of up to 300 seconds, operating
continuously.

DESCRIPTION OF VARIOUS GAS SYSTEMSs: Control of a vehicle presents many pro-

blems ranging from the necessity of a high response system to packaging the

gystem within the weight and volume limitations imposed. Aerodynamic, gravity,
and misalignment forces act on vehicles and impart an angle of attack in pitch
and yaw and unbalance in roll, To counteract these forces, the flight control
system must impart corrective forces in the appropriate direction in response
to a command from the autopilot, Static and dynamic characteristics of the
£1ight control system must be considered along with those of the vehicle in
order to design the autopilot and ensure that the intended missions can suc-
cessfully be completed. Dynamic response required of the flight control system
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will generally range from 5 to 10 CPS for large boost vehicles and up to 30
to 4O CPS for smaller intercept vehicles.

Gas systems for missile application can be divided into three broad categories:
actuation, reaction control, and information systems., Examples and pertinent
design and performance features of the various systems are presented in this
section.

4.1 Gas Actuator Servos: Can be used for positioning jetevators, jet vanes,
swivelled nogzzles, jet paddles, or aerodynamic control surfaces. These sys-
tems can be made more temperature tolerant, and generally enjoy weight and po-
tential reliability advantage over the more common hydreulic servos. However,
dynamic compatibility of the gas system with the overall wehicle must be care~
fully studled. Interaction of pneumatic actuation frequency response with
fuel sloshing, missile body bending, contrel surface flutter, and autopilot
characteristics must be avolded.

A later development in attitude control invelves injecting gases or liquids
into the exhaust nozzle of the rocket to create shock interaction and achieve
thrust vector deflection. In these systems, gas servos can be used to position
the injection valves, It is a favorable application for gas servos because the
low inertia load causes pneumatic resonance to ocour at a wvery high frequency
which will likely be filtered by other system characteristics. Also, high
pressure gas may already be included in the system for other functionms.

.2 Reaction Controls: These systems are used for wvehicle attitude control and
Impart restoring moments by discharging gas through expansion nozzles. Widest
application for these systems is on vehicles or payloads operating near the
outskirts or completely out of the earth's atmosphere. Stored gas, monopropel-
lant, and bipropellant systems are used,

For low thrust applications where total impulse requirement is less than

1000 1b sec, stored gas systems offer distinct advantages. Proven reliability
is high, and a simple system capable of rapid, repeatable transient response
can be obtained., System weight is low because the low specific impulse (about
60 sec) is offset by the relatively féw and light-weight components required.

For veliicles requiring reaction control systems in the 1000 to 10,000 1b sec
and over category, the choice is not so clear. Monopropellant systems using
hydrazine or hydrogen peroxide for fuel offer & high degree of development

and past experience and usually prove lightest in the 1000 to 5000 1b sec range.
However, transient response is not particularly rapid (.OLO to .100 seconds)
and varies with propellant temperature and the condition of the catalyst bed.
Heating of the catalyst bed, or even the propellant, is sometimes required,.
Specific impulse varies downward from a maximum of about 180 seconds with
propellant and catalyst bed temperature and thrust pulse width.
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Bipropellant systems using hypergolic fuel-oxidizer combinations offer many
potential advantages in the higher total lmpulse category. Specific impulse on
the order of 300 seconds, transient response is rapid (less than 0.010 second)
and 1ls relatively ingensitive to fuel temperature and thrust pulse width.
Although many prototype bipropellant systems have been developed and current
vehicles are committed to these systems, there is less background and past
experience here than with monopropellants., Blpropellant systems are more
complex because they require twice the number of lines, tanks and valves as

the other systems and also because certain oxidizers are very diffioult to
incorporate into a positive expulsion system,

In general, all of these characteristics must be considered before the best
sulted reaction control system can be selected for any particular wvehicle.

L.3 Information Systems: These systems sense and/or transmit information or
perlorm computations by pneumatic means. In general, this field is quite
new, but devicea for sensing controlled variable position, torquing and po-
sition sensing of gyroscopes, signal shaping, and performing mathematic
functions, have been built and tested. More recently developed flip-flop
devices provide means for pneumatic logic circuits. Computing devices provide
the means for obtaining completely pneumatic systems,

5. CONTROL VAIVE: The importance of selecting the proper control valve in gas
system design cannot be overemphasized. Overall system efficiency and come
patiblility determine the general type of wvalve arrangement, while the porting
arrangement and size are c¢losely tied to servo dynamic performance requirements.

Control valves are described by the following characteristics:

(a) Open center or closed center (overlapped, zero lapped or under lapped).
(b) Three way or four way.

(c) Flow control, pressure control, or dynamic pressure control.

(d) One, two, or three stage.

Ttem (a) refers to the valvet!s null leakage characteristicy an open center valve
permits considerable flow at null, a closed center valve restricts null leakage
to nearly zero. Pressure-flow characteristics are also different for the two
types. A three way valve has a porting arrangement suited to single acting
actuators, while four way valves are used with double acting actuators. In
flow control valves the metering area varies in a linear manner with input
signal., Thus, for small input signals, the flow through the valve also varies
in an approximate linear manner with input signal. Pressure control valves
modulate pressure drop across the load as a function of input signal., These
valves are closed loop devices using pressure feedback paths., The dynamic
pregsure valve displays flow control characteristics during steady state oper-
ation and pressure control characteristics during transient operation.

Documents

Document Sharing Hub

Full document details: SAE ARP739A


http://www.avadocuments.com/doc/sae-arp739a
http://www.avadocuments.com/doc/sae-arp739a

SAE INTERNATIONAL ARP739A Page 5 of 16

Force and power amplifying stages are used to control the power stage in
multistage valves in order to increase frequency response and reduce input
signal power requirements. The power stage of single stage valves is po-
sitioned directly by a transducer operated by the input signal. Single stage
valves, though physically more simple, are more apt to bind from working fluid
contamination or thermal effects due to the lower force available at the power
Stage .

A block diagram of a typical gas servo system is shown in Figure 1 and is
presented to show relationship between the control valve and the rest of the
control loop. Cq accounts for change in valve flow at constant pressure drop
as a function of applied signal., C; is largely a function of valve port size
and directly affects loop gain. C2 is the change in valve flow at constant
metering area caused by changes in load pressure drop, and is a function of
metering area and gas conditions, Note in Figure 1 that C2 forms a closed
loop around the actuator internal volume and therefore enters into the servo's
dynamic characteristics as well as in loop gain. The C2 term has been shown
to increase load damping. In general, & large C; value is desirable for steady
state accuracy (high loop gain) and a large C2 has been shown to increase the
stability of systems working with resonant loads. Thus the load characteri-
stics are an important factor in control valve design.

Figure 1 provides a description of the dynamic and static relationship of the
control valve to the rest of the servo. The following sections will deal with
physical and performance characterisites of the valves.

5.1 Open Center Valves: In this type valve, working fluid is continuously circu-
Jated through the valve, some being transferred to the load and the remainder
exhausted. Generally, two restrictions in series pass the full flow, and the
ratio of the area of these restrictions is varied to obtain pressure modulation.
Schematics of the more common open center valves are shown in Figure 2.

In the flapper valve, pressure drop across the load is a function of flapper
position and load flow. The upstream restrictions are generally operating
choked so that total flow through the valve is constant. The jet pipe valve
modulates working fluid conditions by directing flow to or away from the

receiver holes. Like the flapper, the jet pipe also passes constant total
flow. .

Underlapped spool valves operate in the same manner as the flapper valve
except that the restrictions are simultaneously varied in a "push-pull" manner.

Typical load ~ pressure drop characterisites of open center valves are shown
in Figure 2 (d). In practice, the constant metering area lines need not be
linear. Moderate values of C; and Cp are obtained and the valve is "load
sensitive™ in that some offset in metering area is required to hold against

-~-gteady loads, a condition that creates steady state error or droop in the
servo system., .
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