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Abstract. The integration of aircraft systems — based on INTEGRATED MODULAR
AvioNIcs (IMA) —has significant effects on reliability. This paper presents the state
of development of a software—tool for interactive reliability analysis and evaluation
of aircraft system configurations on the IMA platform. For this, a hybrid system
model of each aircraft system, being composed of a reliability block diagram
model and a model of hierarchical, concurrent finite state machines, is essential.
Within the area of reliability, different aircraft system models can be analyzed after
they have been logically combined. This novel functionality provides a platform
for systems engineers, enabling the evaluation of the effects of system integration
by reliability calculations as well as redundancy management in a fault—free state
and in cases of component failures.

1 Introduction

The objective pursued with the concept of INTEGRATED MODULAR AVIONICS (IMA) is the
integration of the application—specific control and monitoring functions of different air-
craft systems on standardized electronic computing modules (“horizontal integration™).
This leads to a more hardware—economic concept than the typical function specific LINE
REPLACEABLE UNITS (LRU) used nowadays, arranged in single lane channels consisting
of computing and peripheral systems (actuation, sensors etc.). This integration of differ-
ent aircraft systems on modules consequently causes many common points, resulting in
dependencies between those systems.

The design of aircraft systems based on IMA is a very complex and multidisciplinary
process in the fields of avionic, communication and peripheral systems. System reliability
is an essential part of aircraft system design and has to be considered from the very
beginning of the design phase to reach an optimum for the product in costs and time. In
this context, high reliability requirements drive the capabilities of aircraft systems to be
fault tolerant and the invested degree of redundancy to fulfill these requirements is an
indicator for the system complexity, which is concerning the IMA on a very high level.

During the design of aircrafts, systems engineers are confronted with the effects of
system integration and they have to develop their system under questions like:
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o “What is the effect of a component failure on integrated aircraft systems
assuming that the failure occurs on the IMA platform and induces the degra-
dation of the system reliability or affects the failure propagation and recon-
figuration?”

o  “What effect has the integrated aircraft system on reliability of physically
dependent systems?”’

Addressing these development challenges of aircraft systems this paper presents the state
of development of the software—tool SYRELAN™ (SyTEM RELIABILITY ANALYSIS). This
tool provides systems engineers with a computer aided development environment for
reliability synthesis and analysis of aircraft systems based on IMA.

Basis for the aircraft system analysis and evaluation is a hybrid system model. The
structural architecture of the fault tolerant aircraft systems are modelled in independent
RELIABILITY BLOCK DiaGraM (RBD) in positive logic. Positive logic means that the
RBD-blocks are arranged to fulfill the system function and this leads to a mapping of
the real system architecture. In order to represent the behavior of integrated systems
under the event of component failures HIERARCHICAL, CONCURRENT FINITE STATE MA-
CHINES (HCFSM) are operated in the background of each block within the RBD-model.
This second modelling environment is used for visualization of failure propagation and
reconfiguration processes within the redundancy management of a fault tolerant systems
under the event of component failures.

During the system analysis various system states are to be analyzed in the hybrid
system models (RBD, HCFSM) concurrently; starting from the nominal state without
any component failure via several degraded system states caused by component failures
until the state of system failure. For each of these states the failure probabilities are
calculated in the RBD—models and the redundancy management is visualized by coloring
the RBD-blocks with colors representing the current component states of the HCFSMs.

For IMA purposes the visualization of failure propagation and reconfiguration within
the redundancy management is fulfilled integrative. This means, that failures of IMA
components propagate across systems containing IMA components used in common.
Furthermore, SYRELAN™ provides a novel functionality in this context making the
logical combination of any aircraft systems possible. This functionality is essential for
IMA systems, because it enables the evaluation of integration effects on reliability in a
comfortable way. That means, that each of the aircraft systems based on IMA is mod-
elled independently in RBD and HCFSMs. In order to analyze the reliability of whether
physically dependent aircraft systems can be integrated on the same IMA module, SYRE-
LANT™ provides the logical combination of RBD—models for any independent modelled
aircraft systems, composed by the logical linking (AND, OR) of system blocks.

2 Models of Aircraft Systems Based on IMA

The software—tool SYRELAN™ provides system engineers with a RBD and an HCFSM
environment for interactive system modelling of all aircraft systems of one aircraft
type. This leads to a large number of hybrid system models where each of the models
takes integration aspects of commonly used IMA resources into account. The logical
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combination of independently modelled hybrid system models is the basis for reliability
analysis of integrated systems.

2.1 Hybrid System Model

In the first step a fault tolerant aircraft system architecture is modelled in the RBD-
environment in the nominal state by linking RBD-blocks of components logically ac-
cording to their functional dependency in the system architecture. In addition to this,
the HCFSMs will be placed in the background of the RBD-model. The coupling of
the two models occurs in both directions. From the RBD point of view the coupling
exists in assignments of current component states of the HCFSMs to the RBD-blocks
(Fig. M. From the HCFSM point of view component failures are transferred from the
RBD-blocks to the state machines that trigger the redundancy process.
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Fig. 1. Hybrid system model: RBD-model and HCFSM-model

RBD-Model

For fault tolerant aircraft system modelling in RBD it is necessary to determine a Top
EVENT depending on which the reliability modelling and analysis can be performed.
This event specifies system states that are to be analyzed. BOOLEAN algebra describes the
system model mathematically by using stochastically independent BOOLEAN indicator
variables for each component [SCHNEEQT]]

K, =1 component K; is up, @))
K;=0 component K; is down. 2)

The expected value of the indicator variable K; is the survivor function

E[K;]]=0-P[K; =0]+1-P[K; =1] = PIK; = 1]. 3)
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The reliability R; of a component 7 is defined as the probability P[K; = 1] that compo-
nent is in functional state. Using an exponential distribution by considering a constant
component failure rate \; per hour [1/h], the reliability is [VAHIS]|

R(t) =M. )

In general, the component failure rate \; is a function of time (BATHTUB CURVE [[VAH9E])),
but in case of aircraft systems the component failure rate \; is sufficiently constant be-
tween two periodical component checks. Therefore failure of components are indepen-
dent of age and stochastically distributed [VAHOS]. Under the assumption of fulfilling
monotony conditions and logical linking (AND, OR, NOT) of the variables K the
system function ¢ is (see example in subsection[3.1)) [VAHIS)]

d(K)=1 system ¢ is up, 5)
»(K) = system ¢ is down (6)
with K:{Kh,KZ,,Km} 7)

HCFSM-Model

The second modelling environment is the area of HCFSMs. This model can be built after
the structural design of the system architecture is completed in the RBD—model. The
complete HCFSM-model presentation is a 6-tuple and is composed of an input vector
F, an output vector Y, a set of internal states in the elements of the state vector Z, a set
of initial states in the elements of the initial state vector Z, a next—state function f, and
an output function g (Fig.[I}) [GAI94/TEIO7]]

(F,Y,Z,Zgz,f:sz—>z,g;z—>Y). 8)

The vector elements are MOORE-HCFSMs representatives for each component K; ()
referring to a block in the RBD—model, which are described in detail in [REH03]]. Vector
Z contains in its rows (¢ = 1, - - -, m) the sets of internal states for each of the HCFSMs
which are connected with component K. In this context it is important to assume that
each component K; is connected with at least one HCFSM and each of the applied
HCFSMs has at least two (“active”, “isolated’””) and up to five states (Fig.[2). These
states can be reached by starting at the failure—free state 7 at initial operation time
(to = 0), via several degraded system states (t5; > tp), up to system failure. Input vector
F contains the injected failures of components ;. This condition “NOT K;” leads to the
activation of the next—state function f of the HCFSMs of that component K; and cause
transitions from the current HCFSM states into states “isolated”. The output vector Y
of a system represents the current states of the MOORE-HCFSMs which are forwarded
to the blocks above, by use of color assignments for each of the HCFSM states.

For the purpose of modelling the redundancy management, various HCFSMs of a
fault tolerant system have to be coupled. The couplings exist by means of dependencies
on the next state function as function of internal system states, as well as a function
of component failures of multiple used components. It allows failure propagation and
reconfiguration processes in the system model.
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Fig. 2. States and transitions of an HCFSM and SYRELAN™ STATE DIAGRAM

Each single HCFSM-model in the background of a RBD-block consists of up to five
internal states {Z1, ..., Z5} and up to 16 transitions {71, ..., Tis} between the states,
which define the next state functions using logical expressions as functions of states of
HCFSMs neighbours (Fig.[2)). In order to model the application specific HCFSM-model
of an aircraft system, it is necessary to choose the transitions of each single HCFSM of
the complete model in the STATE DIAGRAM editor of SYRELAN™ in Fig.[2l

The variety of the internal states of the HCFSMs is motivated by stages of degradation
from the reliability point of view. The next paragraph describes this context depending
on the failure rate A\, which indicates the load of a stand—by component [VDI&6]. It
also contains the colors and endings representing the states of the HCFSMs. In case of
current states of HCFSMs these states are transferred to the blocks above by assigning
the corresponding colors in order to visualize the system states in the RBD—model.

“active” <— GREEN: From the start of the mission, the working component a is sub-

[Pt

jected to full stress. The failure rate is A\g. The ending is “a”.

“active-hot” <+~ YELLOW: From the beginning of the mission, reserve element h is
subjected to the same stress as the actual working component a. For the failure rate, the
following applies: A\, = Aa. The ending is “h”.

“passive—warm” <— ORANGE: The reserve element w is subjected to less stress until
failure of working component a, (or until w itself fails in advance). For the failure rate,
the following applies: 0 < Aw < Aa. The ending is “w”.

“passive—cold” < LIGHT BLUE: Until failure of working component a, reserve ele-
ment ¢ is not subjected to any stress. For the failure rate, the following applies: A¢ = 0.

[TPRL)

The ending is “c”.

T334

“isolated” <— RED: Failure state of component. The ending is “i”.

The next-state function f, which contains the conditions for changing the actual
state of an HCFSM to a succession state in the event of a component failure underlies
a special syntax in SYRELAN™. In the corresponding transitions the equations, which
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combine states of several HCFSMs logically (AND: “&”, OR: *
“TRUE” to fulfill the state transition.

To address the states of HCFSMs it is necessary to distinguish between blocks,
which operate only one or multiple HCFSMs in the background. The following equations
provide the syntax for addressing a state of a single HCFSM in the background of a block
() and a state of one of several HCFSMs in the background of a block (I0)

”, NOT: “~”") must be

component : i,ending : {a,h,w,c,i} V K; €K, )
component : i yJHCFSM : | ,ending : {a,h, w, c, i} (10)
V K;e€K and [€][l,d(i)] with d(i) € IN.

Two examples are subsequently represented to clarify this syntax. 2, h addresses the state
“active—hot” of component K related to a RBD-block with a single HCFSM in the
background and 3, 7, ¢ addresses the state “passive—cold” of HCFSM 7 of component
K3 in the background of its related RBD-block with several HCFSMs.

To model a fault tolerant aircraft system under the aspects of reliability and redun-
dancy management various hardware and software components have to be represented.
Therefore, SYRELAN™ provides three categories of blocks. Fig. Blshows the modelling
options for two hardware blocks and one software block.

/|Application d(1

; active
Application 2

JApplication 1

HW
\[  1.00E-05 / \| |1/00E-05 /

& 1 /& ©41,,7©

Component 1

(a)
block

Hardware

Component 1 /

(b) Multifunctional
hardware block

Component 1 /

(c) Multifunctional
software block

Fig. 3. Three RBD-block categories with its HCFSMs

The use of these blocks depends on the specific application of the component mod-
elled by this block. The simple hardware block is used in aircraft system modelling for
single used components (e.g. actuators, sensors etc.) and represents them with a constant
failure rate ) (Fig. Bla)). Within the redundancy management this block contains one
HCFSM with its states and transitions in the complete system context.

A specific version of a hardware block is a multifunctional hardware block. This type
of block incorporates the same reliability characteristics as a hardware block but has the
advantage of components used in common (e.g. bus, ethernet switch etc.) to separate
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states of different applications by use of multiple HCFSMs. In case of a component
failure all HCFSMs pass into the state “isolated” and the reliability reduces to zero.
The third category specifies the multifunctional software block. This block enables
the modelling of different software applications within the RBD and further supports
the characteristics of aircraft systems based on IMA. This is accomplished by separation
of HCFSMs in the background of each multifunctional software block, which addresses
the partitioning aspect of computing modules of the IMA systems. In the field of re-
liability the software blocks are failure—free (R = 1) or failed (R = 0) with respect
to their HCFSMs. In contrast to the multifunctional hardware block an HCFSM of the
multifunctional software block can be declared as failed independently. For this reason
every HCFSM is associated with another RBD hardware block in an aircraft system
model (e.g. Fig.[l} HCFSM 1 of K7 is associated with K>3, see dashed arrow in system
O (Kaiteron controt))- An HCESM of a multifunctional software block in state “isolated”
leads to a degraded system function (fZ) concerning the minimal path of associated RBD
hardware block and, of course, the HCFSM of the multifunctional software block.

2.2 Superposition of Hybrid System Models

In order to take IMA specific characteristics of aircraft systems into account it is neces-
sary to distinguish between components, which are used in a single aircraft system only,
and those, which are used in various aircraft systems. Therefore SYRELAN™ offers
different component lists. All components within an aircraft project, e.g. A380 or 7E7,
are contained in the set of aircraft components

Kac = (K1, ... . KiK. (11)

All system models within an aircraft project access a subset of aircraft components (1),
which is expressed by the transpose of system component vector

Ksc = (Ksc1, ... Kscy, .. Kscn) | (12)
with KSngKAC A j=1...,n. (13)

The corresponding transpose of the system vector with application of formula () is

?»(Ksc) = (6(Ksci), - .-, 0(Kscj), - - '»¢(KSCn))T . (14)

An important property of various aircraft system models is that IMA based system
models are able to access so-called global blocks (every global block is one of the three
block types in figure B). All of these global blocks are integral part of different system
models. This means, that the global blocks represent characteristics of IMA components
used common and thus have effects on the reliability of all RBD—-models as well as all
HCFSM-models of different systems using them (Fig.d). Hence, current state variations
of the global block HCFSMs lead to activation of the redundancy management of all
systems using this blocks. If current state variations of the global blocks cause the
activation of an HCFSM transition into the state “isolated”, the reliability of systems,
which apply these, will be reduced. This is because the global block components are
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Fig. 4. Coupling of hybrid system models by using global blocks

treated as components, which are mapped in different systems (Fig.[ K of ¢(Ksc1)

and (Kscn )), but their existence in the context of all system models is unique according

to their physically occurrence. The transpose of vector Kgc (13) consists of the global

block components of each aircraft system within the aircraft project. The global block

components are generated by building up the intersection of the sets of aircraft system

components (I6) with each other, because the condition of a global block component
demands a component occurrence in more than one aircraft system.

Kewer — T

cc = (Kgca, -, Kac;, - - -, Kacn) (15)

with KGCj = {KSCj N KSCq} V j,q=1,...,n and j#q. (16)

2.3 Logical Combination of Hybrid System Models

In order to analyze the effects on reliability of integration of aircraft systems based on
IMA, it is necessary to combine integrated systems logically in the case of dependency
of functional effects. Regarding aircraft systems with independent functional effects,
integration has no significant effects on reliability, which is comparable to the reliability
of an aircraft system operated on LRU computing resources — except for architectural
differences of both avionic systems. The reliability becomes a crucial factor of system
analysis in case of different aircraft systems are dependent on their functional behaviour.
An example is the reliability analysis of an aircraft rudder control and engine control
system. These two aircraft systems have to be analyzed independently from each other,
as well as combined in a second analysis. The dependency between both systems leads
to higher reliability requirements than the requirement of each single system, since a
loss of both systems causes the loss of aircraft control (“catastrophical” failure event).
In this context it is necessary to analyze whether both systems can be integrated on
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IMA computing resources with appropriate redundancy level or are the IMA computing
resources the origin of too low system reliability, because of its common point char-
acteristic. Within the reliability analysis, the integration and diversification aspect of
aircraft systems has to be discussed considering reliability analysis of logically com-
bined aircraft systems with IMA components used in common used or on separated IMA
components.

/ RBD-model gKsc1) / RBD-model #Kscz)

active| 1.00)

E-05 |active
-hot 4
cPIOM 4 1.;0;35 active
Sensor 1
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“1.00E-05 | active-hot
CPIOM 3

Fig. 5. Logical combinig of system models

Fig.Blshows the possibilities to combine aircraft systems logically. In this case, three
systems are combined on RBD system level, following the syntax of logic AND (A) or
OR (V) by depending on elements of the system vector (I4). The set of components of
logically combined aircraft systems Kp ¢ is the union of the sets of system components
Ksc;j @3), which are involved in the combining process. Referring to Fig. Blthis is

?(Krc) = [0(Ksc1) A ¢(Kscz)] V ¢(Kscn) (17)
with Krc = {Ksc1 UKsc2 UKscn} - (18)

3 Analysis of Aircraft System Models Based on IMA

The analysis of RBD-models and HCFSM-models is performed separately for both
model areas. However, the effects of component failures and state transitions of HCFSMs
are interchanged.

3.1 Reliability Analysis

For reliability analysis of single and logically combined aircraft systems the CAOS
(CoMPUTER AIDED ORTHOGONALISATION SYSTEM) algorithm is applied for orthogonal-
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isation processes of their BOOLEAN system functions ¢(Ksc) (I4) [VAHIS]. Orthogo-
nalisation means, in this case, that products of all disjunctive terms of a BOOLEAN system
function (minimal paths M,.) are exclusive and thus zero [[VAH9S]]. In case of system
#(Ksc1) in figure[d the system function is

?(Ksc1) = ¢0(K1, Ko, K3, K4, K15, K16) , (19)
¢(KSC1) = K1K15 V K2K16 \Y K3K15 V K4K16 =M;V MyV M3 vV My . (20)

After application of the CAOS orthogonalisation algorithm with its condition of orthog-
onalisation

M, -My;=0 with r,s=1,2,3,4 and r+#s 21

the system function is in an unique linear form, which enables the application of real
algebraic operators. By considering indicator variables as binary stochastical variables
with the probability distribution (), this leads to (F; = 1 — R;, see formula ()

El¢(Ksc1)| = E[K1K15 + KoK16K1 K15 + KsK15K1 KoKig+ -+ (22)
s+ KyKi6Ke K15 + KyK15 K16 K1 Ko K3 K3,
Rsc1 = RiRi5 + RoRi6F1 + RoRi6F15 + RaRys 1 Py + -+ (23)

<+ R3Ri5F1 Fig + RyRicFoFi5 + RaRis Ri6F1 P2 F3

A major advantage of the orthogonalisation process is, that multiple used blocks of
the same component within a RBD—model are only considered as a single physical
component in the reliability calculations.

Furthermore, SYRELANT™ enables the analysis of degraded system states, which
defines the minimal operational requirements as well as k—out of-n systems, where
n components exist in “active” redundancy, of which k are necessary to perform the
required function [VAH9S]|. To take k—out of—n into account in the reliability analysis
there is a dialog in SYRELAN™ in order to enter logical equations I, which represent
operational conditions of components. Thus, these logically combined components must
be available in minimal path of the system functions ¢(Kg¢) (@) [VAHIS].

3.2 Redundancy Management

The redundancy management of integrated aircraft systems based on IMA is to be con-
sidered as an important task within the system analysis. In general the objective of the
redundancy management is to support systems engineers with a software—tool environ-
ment to simulate different strategies of reconfiguration (e.g. priorities) in a fault tolerant
system before applying them in the target system as well as special discussion of IMA re-
lated problems as failure propagation process in the integrated system. For this purpose,
SYRELAN™ enables separate RBD and HCFSM modelling of each IMA resource and
each aircraft system operating on this resource (Fig.[9: “System TREE”). This supports
systems engineers in analyzing the effects of IMA component failures by visualizing the
impact within the failure propagation and reconfiguration processes on aircraft system
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Failure injection in multifunctional hardware Failure proy ion and ation
block K, of RBD system model ¢Kscn) in RBD system models ¢Ksc1)and ¢Kscn)
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Fig. 6. Redundancy management on integrated aircraft systems

level. That means, that each state transition to a new current state of an HCFSM will be
displayed in the RBD-model by a change of color of the corresponding RBD-block.

In this context Fig.[6] provides an example of the mode of operation of the redun-
dancy management. As one can see, two systems (¢(Ksc1), #(Kscn)) are modelled in
their nominal system state on the left side. The use of IMA components { K, K, K3}
(CompPUTING INPUT OUTPUT MODULE, CPIOM) leads to dependencies of both systems
in the event of component failures of this entities used in common. This is demonstrated
by failure injection in IMA component K of system ¢(Kscn). It triggers the redun-
dancy management process in system ¢(Kgcn ) in a first step, where both HCFSMs of
K, pass over to current state “isolated” (Fig.[@: right side).

Afterwards, the failure propagation follows by state transition of the HCFSM of K05
to “isolated”. The reconfiguration has to be fulfilled in consideration of priority P2 of
CPIOM 2 to control the system. The transition 77, from state “active—hot” to “active”
of the second HCFSM of component K, describes this context in the following logical
equation

P2: Ty (Ko, HCFSM 2) = (1,2,i & 228,4) & (2,2,h & 229, w). 24)

This means equation (Z4) is “TRUE”, because only the first control channel { K7, Ko0g }
is “isolated” (condition of P2) and not the first and the second channel { K, K229 } which
is the condition of priority P3. After reconfiguration of system ¢(Kgcn ) the redundancy
management propagates to system ¢(Kgc1) in a second step, because HCFSM 1 of K
of this system is also in an “isolated” state. This leads to a reconfiguration process
wherein redundant CPIOM 3 takes over control of actuator 1.
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4 Application

The synthesis and analysis of fault tolerant aircraft systems based on IMA is related to
nominal system state via degraded system states caused by component failures up to
system failure. The example presented in this paper is the roll control system of a civil
aircraft in the nominal state. The roll control consists of two systems: aileron control
and spoiler control. The design question is whether both systems can be integrated on
redundant CPIOMs of the IMA resource or is the implementation on separated redundant
CPIOMs is necessary to fulfill the reliability requirement in the nominal system state of
both systems.

The reliability requirement is related to the system classification of roll control. This
is according to JAR 25 to be considered as “catastrophic” [JAA89]. The loss of this
system in the low speed range can yield to fatal effects on the passengers and on fatal
damage on aircraft and has a maximum failure probability of F' = 10~? per flight hour.
The Top EVENT defines the system state, which is to be analysed in the RBD-model:

“Functionality of fault tolerant aircraft roll control system.”

The RBD-model of an aileron control system is shown in Fig.[Z. The HCFSM-model
representation is shown by the block attributes, which describe the current states of the
RBD-blocks. Usually, this is presented by colors of the RBD-blocks, which change in
the event of component failures within the redundancy management process.

The system consists of two aileron hydraulic servo actuators on each wing. For
pressurization, there are three hydraulic systems available (yellow, green, blue). As one
can see there are two CPIOMs (CPIOM1: { K1, K7, K13} and CPIOM2: { Ko, Kg, K14})
with their software blocks { K7, K} implemented. CPIOM1 controls the left and right
outer aileron actuators (LO and RO) which are in an “active” mode in the nominal state.
The first two of six partitions are occupied with the control applications represented by
two HCFSMs (multifunctional software block of CPIOM1: K7). CPIOM2 controls the
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Fig.7. Aileron control
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4 System 8: Spoiler Control =10
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Fig. 8. Spoiler control

left and right inner aileron actuators (LI and RI), which are redundant in relation to the
outer actuators. The controls of LI and RI actuators are located in the first two of four
partitions of multifunctional software block Kg of CPIOM2. These redundant actuator
control channels are in the HCFSM current state “active—hot” from the software point
of view and in the HCFSM current state “passive—cold” from the actuator point of view.

Fig. Bl shows that the spoiler control system is implemented on three CPIOMs
(CPIOM1, CPIOM2 and CPIOM3: {K3, K9, K15}). The responsibilities for control-
ling spoiler actuators are: left and right spoiler actuator 2 by CPIOM3, left and right
spoiler actuator 3 and 4 by CPIOM1 and left and right spoiler actuator 5 by CPIOM2. It
is obvious that CPIOM1 and CPIOM2 each control both spoilers and ailerons. Therefore,
the CPIOM1 (K7, a multifunctional software block) contains four spoiler HCFSMs and
the CPIOM?2 (K, a multifunctional software block) two spoiler HCFSMs each of them
in “active” mode. This yields two hybrid system models, which consider the aspect of
integration of commonly used IMA components. For operational purposes it is impor-
tant to consider that the left and right spoiler actuators degrade in pairs. In the area of
reliability the formulation of minimal operational requirements is necessary

I =[(K31 AN Ksg) V (K33 A Ky1) V (K35 A Ky3) V (K37 A Kgs)] - (25)
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Fig. 9. Logical combining of aileron control and spoiler control in roll control system

In order to attain an answer whether the integration of aileron control and spoiler control
on IMA resources fulfills the reliability requirements the systems must be logically
combined (Fig. Q)

¢(KLC) = [¢(Kaileron control) \ ¢(Kspoiler Control)] . (26)

The reliability analysis of both logically combined systems based on the applied failure
rates \ in Fig. [71and Bl result in a failure probability of F(t; = 1h) = 3.47 - 10712,
The conclusion of this failure probability is that the aileron control and spoiler control
systems can be integrated on IMA resources used in common, because the reliability
requirements are fulfilled. In this system the integration has no significant effect on
reliability. The separation of these systems (e.g. aileron control on CPIOM 5 and 6)
leads to less failure probability (F'(t, = 1h) = 1.00 - 10~!2), but it is, nevertheless, not
necessary to separate them.

5 Conclusion

This paper presents the approaches for a software—tool that can be applied for analysis
and synthesis of fault tolerant aircraft systems based on IMA at a very early stage in
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system design. In this scope, SYRELAN™ provides with its hybrid system models a very
suitable tool environment for system engineers to evaluate the effects of aircraft systems
integration on reliability.

This is realised in SYRELAN™ by the extension of analyzing logically combined
aircraft systems in the field of reliability and the further development of the redun-
dancy management for aircraft systems based on IMA, which means failures of IMA
components propagated throughout the relevant aircraft systems.

Further extension in the field of reliability calculations under consideration of redun-
dancy characteristics is in progress. Additionally work has been done on an optimization
of calculation time within the orthogonalisation process of system functions by calcu-
lating these functions in server client computer arrangements.
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