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FOREWORD

Traditionally engine|controls have been a dedicated part of an engine. The interfaces between the engine
controls and the airframe have been straight forward, generally consisting of throttle finkage, fuiel lines, and
electrical connectors.

As technology has progressed, electronic controls have supplanted hydrofmechanical systemsl Control system
logic has become more sophisticated, and engine-airframe interfaces for@n optimum system are no longer
clearly evident. Disfributed systems, in which "the propulsion control™is'no longer an identifialple entity, are now
possible and may offer significant advantages in aircraft performance, cost, weight, reliability, etc., for some
applications.

This AIR, prepared py the Electronic Engine Control Committee's Panel on System Partitioning, is not intended to
discourage the distrjbution or partitioning of propulsion control systems, but rather to ensure that all the issues are
properly considered to avoid new and perhaps subtle.problems which may lie ahead.
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2.1

2.2

23

SCOPE:

This SAE Aerospace Information Report (AIR) enumerates areas of concern which need to be addressed
when the aircraft propulsion control system functions are distributed. Distributed items may include electronic
control sensors, electrical or hydraulic power sources, computer hardware and software, etc. This report
identifies many factors which should be considered to determine the best system architecture for any given
application.

REFERENCES:

U.S. Government Publication:

Available fronL DODSSP, Subscription Services Desk, Building 4D, 700 Robbins AvenuJa, Philadelphia, PA
19111-5094.

MIL-STD-1553B
FAR Publications:
Available fronp Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591.
FAR 23
FAR 25
FAR 27
FAR 29
FAR 33
ARINC Publidation:
Available fromp Aeronautical Radio, Inc.,(2551 Riva Road, Annapolis, MD 21401.
ARINC 629
ISSUES AND QONCERNS:
The topics contained in thesmain body of this report are labeled "Issues and Concerns". They represent
those items whith, as seen’by the engine control community, can present problems if not properly addressed

up front. They are by.no means considered insurmountable obstacles, and offer great opportunities for
cooperative, crgative’solutions to the technical challenge.

The main body is organized to follow the flow of a program. It begins with (1) system definition and design,
followed by (2) development, (3) certification/qualification, and finally addresses (4) configuration control, (5)
maintainability/supportability, and (6) warranty/liability issues. However, it is important that all issues be
addressed in the system definition phase.
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3.

3.1

3.1

.1 System Req

(Continued):

A propulsion control system consists of those components such as sensors, control units, actuators, and
computation means which maintain the commanded level of propulsive performance provided to the airframe

by the engines.

System Definition and Design:

Presented within this section are general considerations which should be addressed as partitioning of the
propulsion control system is defined. Although top level requirements are not influenced by partitioning,
subsystem requirements and interface definitions take on new significance depending upon system

configuration.

necessary {
bleeds, and
secondary f

System per
various eler
requiremen
times, data

Criticality of

these requitements, needs for fault tolerance will be-developed, including possible red

sensors, co

uirements: System requirements must be defined which specify system g
b achieve real-time execution of control algorithms for the control ef fuel flg
other variable geometry. Consideration should also be given to.requiremg
unctions, such as engine condition monitoring, instrumentation{and other

ormance should be defined in terms of the dynamic response and accuraq
nents of the control system - input commands, sensadrs;’computers, actuat
s will in turn lead to the definition of additional requirements regarding con
update rates, etc.

control system functions dictate the system.reliability and safety requirem

mputational resources and actuation systems. Consideration must be give
- dual, triple, quad, dual-dual, etc.~System redundancy can result from co

redundancy
data betwe

electrical pgwer, to ensure continuity of supply to achieve specified requirements.
System integration and resource sharing must be partitioned in such a manner as to n
independence between engines inimulti-engine applications in order to prevent faults
between engines.

Failure modes of the confrel'system should be defined in terms of observable end res

a.

b.

No obsgrvable gffect for a single failure

Fail fixgd

erformance that is
w, stator vanes,
ents for additional
data.

y required from the
prs. These
hputational cycle

bnts. Based on
undancy of

N to the level(s) of
mmunication of

n computers. An important caonsideration is the provisions made for redundant sources of

haintain
from propagating

Llts, e.g.:

Fail to a predefined condition

No large uncontrolled thrust or power changes
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3.1.1

(Continued)

Control system design should minimize the effects of and/or provide graceful failures consistent with
system requirements for major, hazardous, or catastrophic events including, but not limited to:

a. Loss of

all communication between the engine and aircraft

b. Total loss of electrical power

c. Common mode failures

Conceptual
elements off

Some conc
a. Prelimin
b. Ability t
c. Ability t
d. Method
e. Means
f.  Allocati
g. System

h. Determ

i. Dedicated or shared (with.nohpropulsion control system) computer resources.

j.  Central
k. On vers
radiatio

Design—inmtheconceptuatdesignm stage; systenmmrequirenments are attocate
the propulsion control system.

brns in system partitioning which must be addressed during conceptual de
ary definition of system performance requirements at the selected interfag
b define and test subsystem performance.

D isolate and troubleshoot system/subsystem perfarmance.

of computation/communication.

bf providing system and subsystem built-in-test.

bn of reliability, weight, size, and power.

performance and/or cost bengfits from shared hardware or data.

nation of environmental requirements.

or distributed processing.

us off engine mounting - thermal, vibration, EMI, and lightning, plus EMP &
N hardening in some military applications.

d to the specific

5ign are:

eS.

and

. Datab

s structures and communication rates between computers

m. Software design to separate propulsion control from other functions in a distributed system.

n. Life cycle cost, including testability and maintainability.

0. Dynami

¢ system interactions.
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3.2

(Continued)

Allocation of dedicated sensors and actuators is often self-evident from the system requirements.
However, an important consideration may be whether the system is to use dedicated sensors, or to
derive signals such as air temperature, altitude, airspeed, etc., from another aircraft system.

Similar considerations may apply to input command signals from the airframe - dedicated hard-wired
inputs to the propulsion control system, or supplied from other equipment via the data bus.

In fact, all shared resources must be identified and a plan developed, at the integrator level, to detect and
avoid resource contention. Within an integrated system, examples would be real time usage and

memory, if {

At this stag
to which di

In establish
possible. In
and so may
various con
in partitionin
Arbitrary de|
system cos

The design
Systems bu
problems. |
can minimiz
documents

Development

Conventional
the control thd
other than bet
partitioned, bq
modification.
design. Heng
development,

e CPU s tobesharedbetweenmsubsystenT tasks, as wettascommuricat

erent levels of software criticality will be integrated or segregated:!

the initial design stage, the airframe and engine manufactirer must obvio
the end user. However, as soon as possible, the manufacturers of major
frol systems also need to be included, to get the bengfitvof their particular ¢
g decisions should be maintained until the inputs of all parties have been
finition of partitioning and interfaces can result in;eompromised performan
S.

task is complex, requiring total understanding of the interface between fun
ilt from components supplied by different vendors are prone to greater dey
Vlore planning, coordination, and emphasis on interface definition in the eg
e these problems, as can early simulations and analysis. In any event, "fi
are required early.

approaches to development of engine control systems result in a developr
t is relatively independent of outside influences. In other words, there is 0
ween the engdine manufacturer and the control system supplier. As the co
th in hardware and software, the approach to a development program ma
The development program must be tailored to the degree of partitioning of
e, the_.degree and method of system partitioning will influence not only the
but'also the relationship of the participants. This can vary from a convent

jon bus bandwidth.

of the design, fundamental decisions about software need to be made; slich as the degree

ng the system conceptual design, all pertinent parties should be involved as early as

usly be involved,
elements of the
xpertise. Flexibility
considered.

ce and excessive

ctional blocks.
elopment

rly design phase
m" interface

nent program for
ften little interaction
ntrol system is

y require

the systems under
approach to

onal relationship to

much greater communication and coordination of development program e

forts.

one requiring
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3.2.1

Sequence and Scheduling: The sequence and the schedule of a development program for a partitioned

control system can require special attention.

In general a top-down approach to the development cycle

will be necessary, which may not substantially differ from the conventional approach at the prime

contractor level.

However, it will be necessary, dependent on the method of partitioning the system, to

involve subtier contractors at an early point in the program. Open communication between several levels
of contractors may be appropriate to define system issues and approaches. Since this approach requires
early identification of suppliers, such a level of cooperation may be required even in the proposal stage.

Analysis - During any development program several analyses may be required. Generally they can be
limited in scope to relatively independent components. Such analyses then address just those

components, with propulsion system concerns addressed by the propulsion system su

of a partitioredtomtrotsysterm; thecompornent supptier witt provide definitive amatyses

and there will likely be a migration upward of system level analysis responsibility. At‘is

pplier. In the case
of his component,
conceivable that

responsibilify for complete analysis results will fall on the system integrator, with(supp®rting analyses from

subtier confractors. The following points should be considered:

a. Analysags should be defined early in the program.

b. Reliabillty failure analysis and dynamic performance simulations‘must be included|

c. Related and supporting efforts required of different contractors for analyses must

defined

be

d. Areas gf communication required between analysis.contractors must be defined and

accommodated.

Test - DeveJopment program test requirements-must be defined at an early stage in any program;

however, with a partitioned system approach this is more critical. the test program mg
components that cannot be tested as stand~alone units, thus requiring supporting test
common in conventional programs. In thie case of control software installed outside th
means of p
test supporf hardware in which tosinstall that software and thus the external functions.

Interface - WWhen the system 'design is implemented in a partitioned manner the definit
and/or component requiréments becomes more critical.
of the interface betweenithese and other portions of the system. Since the unit by des
"stand alon

overall system. Thus the interface definition may, in addition to being a performance 5

y involve
equipment not
e unit under test, a

oviding that software function must be available for the test. This may require definition of

on of subsystem

Of particular concern is the appropriate definition

ign may not be a

" unit, the-interface definition will require consideration of the interaction of the unit and the

pecification,

include a partialdefinition of related components or systems. This presents a complication of the

definition and eonfiguration control processes



https://saenorm.com/api/?name=9cdba04785610553a70903f57b18c4bb

SAE AIR4366 Revision A

3.2.1

3.2.2

(Continued):

Since all proper hardware will likely not be available when "needed", there is a risk of having to repeat
development tests or make system modifications/design changes to accommodate differences when
proper hardware/software becomes available. This can be a further complication to program scheduling.

Component Design: Component design in a partitioned system will proceed in a relatively conventional
manner. Given an adequate definition of the design requirements, including the interface and test
requirements mentioned, no major changes will be called for in the design approach. However, if in the
design process alterations must be addressed, communication of the required alterations and update of
the respective documents will be a more complicated undertaking. The interface definition documents

will likely b

a. Coope

requireJnents.
b. Negotigtion at an early stage of development of areas involving intetface requiren

These
progra

c. A more
particip
partitioned systems.

(Businefss issues, which also may be quite complex, are not addressed in this dog
Update of these interface documents will be particularly critical, and more complicated

increased cpmplexity of the requirements.. Interface changes can have major impacts
subsystem

updates m

During the

analyses m

frequent in

Although th

engineerin

this information should-be defined early in the development program.

more comptex with-a partitioned systenT.— T his witt Tequire attertionmtothe

rative efforts among all parties to adequately define the system interface

greas may be impossible to resolve without the involvement.of all participa
m.

complex specification required to relate the interface requirements to the 1
bnts. In fact, a new tier of Industry Standards may’be needed to accommg

Hesign. Key issues will be similar to those related above, with timely comn
gst important.

design process, with a-partitioned system, items of information supporting
h partitioned system, and may even require a cooperative effort for certain

s has been thie-convention for reliability (and similarly approached) analys
d analyses-will also require such an approach. The means and schedule fo

following:

ents.
s in the

ecessary
date
ument.)
due to the

on component or
nunication of

higher system level

Ay not be available'until the design process is underway. It is expected that this will be more

types of analyses.
Bs, many
r communicating
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3.23

3.3

3.3.1

Certification/d

Conventionall
requirements,
manufacturer
23, 25, 27, or
special attent
could be affed
procured by the engine manufacturer. In fact, it is probable(hat some significant changés to the current
method of cer

The following

System Validation: Particular concerns at the system level relate mainly to the resolution of difficulties
that arise during the test program. In a partitioned system, operations during a test may involve several
(no longer independent) subsystems or components. The system level test plan should address the
means of resolving items in contention or lack of availability of proper hardware. This may take the form
of further involvement of subcontractors during the test, provision for development test support equipment

sufficient to

determine where the difficulty lies, etc.

Simulations required are a challenge similar to analyses in a partitioned design situation. For
conventional simulation needs, it may be necessary to communicate data relating to the simulation at an
earlier stage, or at least in a form more complex than normal, since there may be greater
interdependence between subsystems. This can produce both technical and data rights problems.

Another cor
design verif

Certification
a unique en
control syst

tasks for the certification of a propulsion control system may be shared between the e

aircraft man
tasks includ

Where a fuTction of the propulsion control system resides in another piece of equipme

responsibili
particular: f{
common m

hualification:

y a propulsion control system is shown to comply with the appropriate eng

on should be given to the impact of those function/hardware aspects on cg

CenTinm a partitioned systenmis that simutationm may become necessary to 3
cation/validation where hardware is unavailable when needed.

e.g., FAR 33, and the aircraft manufacturer will use data ahd analyses fro
in order to satisfy the appropriate sections of the aircraft certification requi
29. Where sections of the engine control are located)or’integrated with th
ted by indirect effects and by reliance on a speéifi¢c hardware standard not
tifying engines would be necessary.

points should be considered relative ta‘certification.

Plan: The initial issue to be addressed is whether it is necessary to certif
gine/aircraft combination or whether a generic engine can be certificated v

chieve appropriate

ne certification

m the engine
rements, e.g., FAR
b aircraft system,
rtification. This
necessarily

cate on the basis of
ith a propulsion

em which is functionally representative of a system to be provided in the final application. The

ufacturer. The certification plan should identify the distribution and respon
ing the definition ofithe physical and functional interfaces.

ies of all applicable analyses, including all dispatch limitations, should be ¢
he interface definition, the behavior under abnormal conditions, and how t
pde fdilures should be addressed.

hgine and the
sibilities for these

nt, the scope and
lefined. In
he possibility of
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3.3.1

3.3.2

3.4

3.4.1

(Continued):

Documentation is a vital part of the design and certification process and a clear division of the
documentation responsibility needs to be established. Software documentation should follow the
requirements presented in RTCA document DO178B.

Where changes are made to equipment performing multiple tasks, procedures should be established to
ensure that the certification standard of apparently unrelated functions is protected. In particular, specific
procedures must ensure that changes in one area cannot change form, fit, function, or logistics of any
other area without invoking the full change procedures for all the applicable tasks/functions.

Test Definitj

the design

equirements are demonstrated to be valid over the whole operating envelc

foning to ensure that

pe. For example,

failures of those elements not forming part of the propulsion control system mustdbe shown to have no

adverse effi
Testing con
and flight te
and the relg

a. Emulati

b. Functio

ct.

ventionally follows a process of design verification and validation through fligs, engine tests,

sts. Each of these processes needs to be carefully assessed relative to th
vance/applicability of the results. The hardware may range from:

ons

hally equivalent unit

C. Produc;tlion standard hardware for the applicablepartitioned functions excluding th

the pa

d. The cor
directly

Configuration
During the lifg

correction of |
control and id

tioned unit

nplete production standard hardware unit which may embrace those functi
associated with engine control

Control:
time of an aircraft, its'systems undergo changes either as a result of the d

nwanted interactions or as the result of efforts to improve the operational
entification of these changes has implications both for safety and for logist

fleet. If a parfitioned conirol'system includes the use of a common computing resource

subsystems, i

mportanthew issues are raised concerning configuration control.

e hardware used

e rest of

pns not

scovery and
pfficiency. The
cs support of the
or several

Responsibilitiesi”tn the past, the responsibility, costs, and liability for configuration control have been
distributed MWWMMMJS were

implemented and tested independently with little concern for interaction except at the system level.

-10 -
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3.4.1

34.2

343

(Continued)

Distribution of control results in the migration of responsibility for configuration control from subsystem
manufacturers to the airframer. This will be the case if the airframers choose to become subsystem
integrators. Even if the subsystem supplier implements his/her controls with standardized modules,
configuration control will fall to the airframer if these modules are subsequently integrated into a
centralized computing resource. For any change in a system using a common computing resource,
configuration control must include system design methodologies which insure that each subsystem
retains its critical computer resources, namely real time and input/output resources. Accidental
contention for output resources between unrelated subsystems could result in unsafe conditions or
premature wear out of mechanical systems.

Both airfranLers and end users must have the configuration control mechanisms in-pla

challenges.

Software: §
resource is
recertificatid
memory bo

Design tool
error in the
software m{

a. Enforcing strict control of intersystem communication

b. Certifyi:Lg the effects of recompilation on unrelated code

c. Accura
d. "Top-dg
e. Automg
Software cd
Configuratiq
configuratig

Hardware:

used for multiple subsystems. Adequate software partitioning is required {
iIndaries are moved, forcing the recompilation of all code:

5 are a possible solution to ensure sufficient software partitioning. This wo
change process but would require rigorous validation of the design tools.

oftware partitioning and configuration control are significant concerns if a

n of all software when software for one subsystem is updated. This is esf

st offer ways of:

ly predicting real time usage®etween subsystems under worst case cong
wn" or "specification to implementation" method for code generation
tically identifying resource contention and real time overflow and scaling ¢
nfiguration conirol should be integrated into the heart of these design met
n control would have to take into account the possibility of the permutation

ns of subsystems.

Hardware configuration control for common computing resource systems i

ce to address these

common computing
0 avoid costly
ecially true if

uld reduce human
The generation of

itions

bnditions

nodologies.
s of various

s not unlike that of

the current

RUY systems except for the increased potential for unplanned intersystem

interactions.
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