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FOREWORD

This SAE Aerospace Recommended Practice (ARP) is the direct result of technical
contributions by a number of industry experts associated with SAE Committee A-6. It provides a
structured process to assist in the successful development of fly-by-wire actuation systems for
aerospace vehicles. The document's primary emphasis is on military aerospace vehicles;
reflecting the technical contributions of committee members. Commercial aircraft programs
require a similar process for the design, development and aircraft certification. This document
can be readily applied to development of commercial aircraft actuation systems. However the
commercial acquisition processes are unique and the major milestones are focused on enabling
the aircraft to be introduced into in-service use.

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 © 2020 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. ™

| =4
TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada) : P i e o
Tel:  +1724-776-4970 (outside USA) For more information iis sta %ard VISI%;AWEI“HQ ub
Fax:  724-776-0790 https://www.sae.orq/standards/content?A FEI“—%B
Email: CustomerService@sae.org
SAE WEB ADDRESS: http://www.sae.org

Full document details: SAE ARP5007A


http://www.avadocuments.com/doc/sae-arp5007a
http://www.avadocuments.com/doc/sae-arp5007a

SAE INTERNATIONAL ARP5007™A 2 OF 26

TABLE OF CONTENTS
FOREWVORD ...ttt ettt et et ee e ettt ee e ee e e sttt ee e ee e e e esnn st e e eeaeae e e st nreeeeen e 1
1 5 P RURSRSURP 4
1.1 T 0T == U 4
2. REFERENGCES. ... ..o et et r e e e s et e e e e e e s n e e e eeee e naees 4
2.1 Applicable DOCUMENES ... e e 4
211 SAE PUDBIICAtIONS. ..ottt ettt ettt e s e nee e 4
22 0= T )T = 5
221 A eVIatiONS ... 5
3.  SYSTEM DEVELOPMENT PHASES ... ...ttt 6
3.1 Actuation System Development ... 7
3.2 Development Responsibilities ... 7
4. SYSTEM REQUIREMENTS ANALY SIS ... e 10
4.1 System Configuration Development.........c i e 10
5. ELECTRONICS AND ACTUATOR REQUIREMENTS ... 11
5.1 Actuation System Performance Requirements Checklist...............ccccciviiie e, 12
52 Servo-Actuator Performance Requirements Checklist............................. 13
5.3 Servo-Electronics Requirements Checklist............ccooooiiie e 15
54 Interface Agreement Requirements ..., 17
5.4.1 Interface Control Document Format...........ccoo oo 17
6.  PRELIMINARY DESIGN ...t ettt e ae e st n e e e e e e stn e an e ae e e e anes 19
6.1 Checklist of ltems to be Reviewed at PDR ... ... 19
6.2 Checklist of PDR Integration I1SSUes...........cooo i 20
6.2.1 Servo-Actuator Data to Servo-Electronics Supplier ..o 20
6.2.2 Servo-Electronics Data to Servo-Actuator Supplier ... 20
6.2.3 Interface Compatibility Testing Plans.........ccooo i e 20
7. DETAILED DESIGN .....coiiiiiiiieieit ettt te e e s et ae e e aeae e sa e e e ae e e e e ste e abeanaeenesan s 21
7.1 Checklist of ltems to be Reviewed at CDR .........ooiiiiiiiiiie e 21
7.2 Checklist of CDR Integration ISsUes ...t 22
7.2.1 [0 0 1= o L= PSR 22
7.22 Servo-Actuator Data to Servo-Electronics Supplier ... 23
7.2.3 Servo-Electronics Data to Servo-Actuator Supplier ... 23

Documents

Document Sharing Hub

Full document details: SAE ARP5007A


http://www.avadocuments.com/doc/sae-arp5007a
http://www.avadocuments.com/doc/sae-arp5007a

SAE INTERNATIONAL ARP5007™A 3 OF 26

8. DEVELOPMENT/FABRICATION ...ttt 23
8.1 Checklist of lterns to be Reviewed at TRR ... 24
8.2 Checklist of TRR Integration ISSUeS ..o e 24
8.2.1 Servo-Actuator Data to Servo-Electronics Supplier ... 24
822 Servo-Electronics Data to Servo-Actuator Supplier ... 25
9. ACTUATION SYSTEM INTEGRATION ....ooitiiiiiiieii ettt et ee e 25
9.1 Flight Control System “Hot Bench” Testing........ccooco oo, 25
9.2 Flight Control/Hydraulics Integration Testing ..., 25
9.3 Vehicle Ground Testing.......cioi i e e 26
9.4 Vehicle Flight Testing ... e 26
FIGURE 1 System Development Phases and Milestones ... 6
FIGURE 2 Fly-By-Wire Actuation System...........c.ooooiiii e 8
FIGURE 3 Fly-By-Wire Actuation System Development.....................oiiiiiiie, 9
TABLE 1 ICD Contents Responsibilities. ... 18
Documents

Document Sharing Hub

Full document details: SAE ARP5007A


http://www.avadocuments.com/doc/sae-arp5007a
http://www.avadocuments.com/doc/sae-arp5007a

SAE INTERNATIONAL ARP5007™A 4 OF 26

1. SCOPE:

This document provides a description of a process for development of fly-by-wire actuation
systems. Included are (1) the development of requirements for the servo-actuator hardware
and the electronics hardware and software, (2) actuator and servo-electronics interface
definitions and, (3) the required communications and interactions between the servo-
actuator and the servo-electronics designers.

1.1 Purpose:

This document provides guidelines and recommendations to assist in the successful
development of fly-by-wire actuation systems for aerospace vehicles. The development
process is divided into discrete phases by significant milestones or events which require
completion of specific tasks. This document provides critical event checklists for use as
evidence of completion for each milestone event. This document is primarily written for
military aerospace vehicles. However, the development process can be readily adapted
for the commercial aircraft actuation systems.

2. REFERENCES:
2.1 Applicable Documents:

The following publications form a part of this document 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 document and 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, 400 Commonwealth Drive, Warrendale, PA

15096-0001.

AIR40894 Aircraft Flight Control System Descriptions

AlIR4383 Description of Actuation Systems for Fly-By-Wire Flight Control
Systems

AIR4922 Primary Flight Control Hydraulic Actuation System Interface
Definition

ARP4386 Terminclogy and Definitions for Aerospace Fluid Power, Actuation

and Control Technologies
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2.2 Definitions:
The primary source for terms and definitions has been from ARP4386.

2.21 Abbreviations:

ATP Acceptance Test Procedure

CDR Critical Design Review

CE&D Concept Exploration and Definition

DDV Direct Drive Servovalve

DEM VAL Demonstration and Validation

DCD Department of Defense

EHA Electrohydrostatic Actuator

EHSY Electrohydraulic Servovalve

EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

E&MD Engineering and Manufacturing Development

ICD Interface Control Document
LVDT Linear Variable Differential Transformer
PDR Preliminary Design Review

RVDT Rotary Variable Differential Transformer

SCD Specification Control Document
SDR System Designh Review

SRR System Requirements Review
TRR Test Readiness Review

VMS Vehicle Management System
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3. SYSTEM DEVELOPMENT PHASES:

The DOD acquisition procedures for development of an aerospace vehicle divide a program
into three major phases: Concept Exploration and Definition (CE&D), Demonstration and
Validation (DEM VAL), and Engineering and Manufacturing Development (E&MD). The
System Development Plan in Figure 1 shows the phases and milestones from statement of
need to production go ahead. The schedule duration of these phases may vary depending
on specific contract requirements. This document defines an actuation system development
process that includes these major program phases. The primary purpose of the CE&D and
DEM VAL phases is to establish system requirements and is presented for reference only.
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FIGURE 1 - System Development
Phases and Milestones
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3.1  Actuation System Development:

Many recent aerospace vehicles are designed with fly-by-wire systems. A simplified
schematic for a typical fly-by-wire actuation system is shown in Figure 2. This schematic
shows that the actuation system consists of two major subsystems, the servo-electronics
and the servo-actuator. To assure that the performance requirements of the actuation
system will be satisfied, the system requirements for the servo-electronics and the servo-
actuator must be coordinated with the developers of both these subsystems. These
subsystems could be developed by different suppliers or different groups within the same
organization. The overall actuation system development process is shown in Figure 3. The
system requirements analysis during CE&D and configuration development during DEM
VAL define the overall architecture and subsystem interfaces. After the system design
requirements have been defined, the servo-electronics development and the servo-
actuator development can follow separate and parallel paths until the subsystem hardware
is assembled and combined for integration testing . With the development of the
subsystems following separate paths, the success of this process is dependent on
establishing actuation system schedules and a procurement cycle that requires concurrent
design reviews for the subsysterms as shown in Figure 3. To assure a successful
integration phase there must be regular communication and interaction between the
design teams/groups responsible for each of the subsystems. The guidelines in this
document provide recommended tasks which should be completed at each milestone and
the deliverables that should be exchanged by the two subsystem design teams.

3.2 Development Responsibilities:

The process described in this document presumes that the aerospace vehicle prime
contractor retains actuation system engineering responsibility and that the servo-actuator
and servo-electronics are developed via separate contracts with specialized suppliers. The
aerospace vehicle architecture can range from a system with centralized computers that
are part of a Vehicle Management System (VMS) to systems with dedicated actuation
servo-electronics such as "smart" actuators and "cabinet" modular electronics. These
subsystems may be connected by an electrical or optical data bus. The actuation system
can be procured as a complete system with teams of suppliers that may be led by an
electronics supplier or an actuator supplier. However, one organization must be assigned
overall system responsibility. These variations in architecture, system responsibility, and
procurement practices may require some modification of the wording and definitions in this
process. Regardless of the actuation system architecture and assignment of lead
responsibility, the basic process in this document remains valid since engineers with
different skills and backgrounds must work together and formally communicate with each
other to insure that the system is integrally successful.
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FIGURE 2 - Fly-By-Wire Actuation System
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