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The Aerospace Vehicle Systems Institute (AVSI)
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Systems Are Becoming More Complex
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Estimated Onboard SLOC Growth

Slope: 0.1778 Intercept: -338.5
(commercial airliners only)
Curve Implies SLOC doubles about every 4 years—\

20 This line fit is pegged at 27.5 M SLOC
because the SLOC sizes for 2010 -
L e A S S 2020 are not affordable. The COCOMO

Il estimated costs to develop that much
somvare is in excess of $108B

~F-35 (2012): 24M
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B737: ATOK...... 4

‘ :A330/A340; 2M
" B747: 370K < fv A320:800K 4= Strai '
: o ght line curve fit
B767: 190K - A310: 400K “F-22: 1.7M - Boeing aircraft
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“F= 'ESD 235K """""""""""" < Airbus aircraft

Ln(Onboard SLOC)
S

F-16A: 135 : @ USAF fighter aircraft
104l "&“3%# 4GK == Not affordable extrapolation
ASBOB 4‘6K Airbus data source: J. P. Potocki De Montalk,
81 “Computer Software in Civil Aircraft,” Sixth
INS: & 8K Annual Conference on Software Assurance
6 (Compass '91), Gaithersburg, MD, June 24-27,1991

i ° ' ¥ ..~ Boeing data source: J. J. Chilenski, 2009
1960 1970 1980 1990 2000 2010 2020 USAF fighter data source: Hagen and Sorenson,
Year “‘Delivering Military Software Affordably,:
Defense AT&L, March-April 2013
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...with complex Development Ecosystems
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... using dated SE methods
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that drive SCHEDULE DELAYS
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High-level Design
REP Response

High-level
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... and COST GROWTH
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High-level Design
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The impact is documented
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High-level Design System Integration
REP Response Checks

High-level Req’s Target
ReqQ's in RFP Changes Completion

/0% errors 10% errors
3.5% detected 80% detected
1x cost 16-100X cost

500-1000x (INncOSE 2011)

Sources :

NIST Planning report 02-3, The Economic Impacts of Inadequate
Infrastructure for Software Testing, = May 2002.
D. Galin, Software Quality Assurance: From Theory to Implemen  tation
Pearson/Addison-Wesley (2004)
B.W. Boehm, Software Engineering Economics , Prentice Hall (1981)
INCOSE Systems Engineering Handbook, Version 3.2.2,20111

SCHEDULE
DELAY
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Current Means of Managing Complexity Have Issues

Indeterminate
Change Impact

Structural/Compd

Model rce Simulation
« Cost Model Lering Analysis
- Safety Model stem Integration
« Security Model .
. Rellab 1ty Mg Architecture
«aintai el (Integration
. ework)

Analysis Models
Hardware Models
Software Models
Verification Models

Incompatible
Abstractions
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SAVI CONCEPTS
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SAVI Goals and Approach
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* Reduce costs/development time through early and

continuous model-based virtual integration
 Distributed inter-domain/inter-model consistency ch ecks
throughout development - (start integrated, stay int egrated)
* Protect intellectual property (IP)
« Capture incremental evidence for safety analysis and for
certification Approach

o Capture Requirements and Use Cases that define the

following:
 SAVI Data Exchange Layer
* SAVI Model Repository
* SAVI Virtual Integration Process
« SAVI distributed inter-domain/inter-model dependenc les and
consistency checks
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SAVI Objective and Themes
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* Reduce costs/development time through early and
continuous model-based virtual integration
- Shift to new paradigm - integrated models rather than documents
» Systems engineering in cross-domain context

* Models provide basis for improvements
* Models promote consistency — “absence of contradictio ns

- Architecture -centric approach - start with models, but more

* Meld with requirements for traceability
» Facilitate trade studies

- Virtual Integration — early and continuous integrated analysis
* Proof-based (consistency checked — but not all with formal
models)
 Component-based (hierarchical models)
* Model-based (annotated models)

3

EY
2
%

Integrate, analyze ... then build” l &
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Inter-Model Consistency
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Test &

Evaluation Structures
Y
B Each group has
: . . u ' —>
views/models of the [N ERTEETTRS Propulsion ',ncons'.Stem
airplane < Possible Problems

B Relations/Dependencies exist < Not Valuable

between the views/models used
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Dependencies Are Key
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Mechanical

Structures

B Each dependency needs to be identified, tracked and checked throughout
the life cycle

Aerodynamics Propulsion
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Dependencies Are Key
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/ When an element is changed, links and
" relationships are traced to find affected

,"elefnents
Mechanical

Test & Structures

m Aerodynamics | Propulsion S —

[ Industry wide, 50% of requirements will change between CDR & delivery into service J
B The SAVI Repository stores the links
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Inter-Model Consistency Checking
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« Consistency between two models exists when the
dependence relations between those two models are
satisfied

* Some dependence relations can be detected automatic  ally
— Some tools are using patterns to assist
* Some dependence relations will (always) require man  ual
identification
» Fidelity of consistency is proportional to the effo rt put into
consistency modeling

* Dependence relations exist between entities and att  ributes

e The output of one parameter in a model is the input for another

model
— |EEE floating point radar altitude in feet
— NOT radar altitude on one side and barometric altit  ude on the other
— NOT feet on one side and meters on the other

* Topology of system must be equivalent in all models
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What is SAVI Consistency?
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* Initially identified 6 types of consistency
 Interface
e Compositional < Physical
e Constraint Geometry
e Behavioral
e Version h

Verification J/ R ﬁ

Radio = Warning

c Altimeter ) System
Weight e H—for=s= ey 2=
on =
Wheels

=1l X

il o —

Engine  Air/Ground

Indication an i i
 Avionics dication and - Signal In Flight
Crew Alerting
Model
System
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What is SAVI Consistency?

Global Product Data Interoperability Summit | 2014

L L T pe—

6 |n|t|al types
Interface

Runtime Consistency: Data Safety,

* Compositional Runtime Consisency: Data Safety
i ConStr.a”Tt Sharing, Data Ordering, etc.

e Behavioral

e Version —

» Verification \ . . -
° Addltlonal _ . o Ma;l;vgtrksw gﬁjtt:\t,vs:ﬁ)s(
types of consistency s e ({
e Data

— Value

— Type
— Semantics
— Metadata

e Model pi = 3. 1415927 __pi=3. 14__159 65358979323846
— Property E =

=5
4
[———
E 3 3 & §
E
= f
=
!
s

— Semantics 5 i 1

— Metadata T

— Behavior Signal connectivity —analysis e
doesn’t need wiring length but
signal latency and jitter
analysis does.
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Higher Level Verification Checks Higher Level Models

Refine
Model(s)

Develop
Verification : Lower

Checks ; Define _ Level
Dependencies Model(s)

Register
Dependencies

Incorrect Higher Level
Verification Check(s)

Incorrect Model(s)
Incorrect Higher
Level Model(s)

Perform Con-
sistency Checks

Refinement
Refinement

Incorrect Model

Resolve Incon-
sistencies by

B B Consistency Checks

Incorrect Verification
Check

Resolve Non-

Models and Verification
Checks sent to Integrator

compliance by
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SAVI Virtual Integration “Vee
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a g

Sensitivity analysis for u

-
.
.
s .

Top-Level

Requirements e Acceptance
Engineering Verification Items Tes
System A|_I|Di%hl\-/||8\cliell System
Design ells Keeping the Test
system
continuously
integrated!
Hardware Software Detailed q
: . Integration SWint.  HW Int.
Architectural  Architectural ADL Model ? il Test Test
Design Design
Component Component ify Model- Software Hardware
Hardware Software de Interfaces Unit Test Unit Test
Design Design

— generation of test cases
« updating models with actual data

Flowchart is inside each of these triangles Hardware Software

Development Development
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INITIAL VIP

CAPABILITY
VERSION 1.0A - 2013
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WBS Safety Analysis

Global Product Data Interoperability Summit | 2014

» Selected as a pathfinder/demonstration for SAVI
analysis
« EXxisting “S-18 Aircraft” wheel braking system (WBS) in
Aerospace Information Report (AIR) 6110
 Example of 4754A development process and supportin = g 4761
safety analysis
« Specific focus on WBS PSSA within process flow
« Highlight the iterative design process
 First safety evaluation
« Refinement through system development
* Enable trade-studies incorporating safety

* Use of commercial and open-source tools

 Industry standard or low/no cost tools and capabili ties in SAVI
infrastructure
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AFE 61 Model Overview
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e The model set for the AFE 61 WBS PSSA consists

of five models for the simplified WBS

» A set of requirements from AIR 6110 (Spreadsheet)

* A Publisher/Subscriber model forming the basis for an
ICD later in the project (Spreadsheet)

* A SysML model documenting the architecture at the
beginning of the project (Enterprise Architect, SCA DE
System)

* An AADL model documenting the refined (final)

architecture model at the end of the project (OSATE )

— Along with the associated Error Model supporting th e automated
safety analyses

A solid geometry model documenting the location of
components in 3-space (Solidworks, NX)
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Requirements Model
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WBS FHA (excerpt)

A R X r Failure Condition i il Reference to
/C Reqts (excerpt) e A
Description) Material
Decelerate Total Loss of
Aircraft using wheel braking Landing or RTO See Below
Requirement Description Derived Traced From Wheel Braking
Aircraft shall have a Crew detects the failure when the
means to decelerate on 14 CER Part Minimum standard a. Unannunciated brakes are operated. The crew uses
S18-ACFT-R-0009 the gmund in required for aircraft loss of wheel Landing or RTO  spoilers and thrust reversers to the Hazardous S18 Aircraft FTA
B 25.735 3 _ braking maximum extent possible. This may
accordance with 14CFR certification result in a runway overrun.
25.735 . Crew selects a more suitable
Technological b. Annunclated airport, notifies emergency ground Crew procedures
improvemems in CAT I‘uss of wheel Landing support, and prepares occupants for Hazardous for loss of normal 518 Aircraft FTA
1lib auto-landing braking rur;way o\éerrr‘un. The crew usesh and rzserve
Aircraft shall have . - spoilers and thrust reversers to the modes
S18-ACFT-R-0110 autobrake function Derived capability :nd market maximum extent possible.
research, (report partial
MRS18- XXX) about the Symmetrical Loss  Landing or RTO See below
customer needs of Wheel Braking
The crew detects the failure when
the brakes are used. Crew uses
‘ N H available wheel braking, spoilers and
Aircraft shall provide an . /C I m (eXC e r pt) thrust reversers available to
S18-ACFT-R-0135 . ) p X Derived a. Unannunciated maximum extent to decelerate the . Additional study Polent\a.HyA
anti-skid function. partial Major to required to catastrophic a€"
Failure Condition Effect of Failure symmetrical loss Landing or RTO  alrcraft. The temperature on wheels to be
ith A 1 of wheel braking of the loaded brakes increases and classification by analysis
(Hazard Phase Condition on Classification could reach point where wheellfire
Description) Aircraft/Crew failure occurs. Depending on
number of brakes lost result could
Loss of Landing RTO be an owerrun.
Deceleration Ta;<i ' See Below See Below The crew is aware that there is a
Capabilit partial loss of braking before
Aircraft shall have U P y ted landing. Crew uses wheel braking,
a. Unannunciatet . . spoilers and thrust reversers
S18-ACFT-R-0184  hydraulically-driven Derived loss of ' ) CreV\{ is unable to d‘?ce'e“’?“e b A"”‘:{"“'a‘ed available to maximum extent to
brake function . Landing, RTO Catastrophic  the aircraft,resulting in a high el Landing decelerate the aircraft. The Major
Deceleration symmetrical loss temperature on wheels of the loaded
Capabilit Speed owerrun of wheel braking brakes increases and could reach
P Y point where wheel/fire failure occurs.
b. Annunciated Crew selects a more suitable Depending on number of brakes fost
| f tifi result could be an overrun.
0SS O . runway,notifies emergenc
. Landing Hazardous o gency Asymmetrical
The pilO'[ shall be Deceleration ground SLIppOIt, and prepares Loss of Wheel Landing or RTO See below
. 14CFR Capabilit occupants for runway overrun. Braking
SIB-ACFTR0185 allowed o owrride the .70 5 pability p Yy Decrease in braking performance.
autobrake function. . Crew is unable to stop the Tendency to veer off the runway. For
c¢. Unannunciated . N braking performance and brake
loss of ) . alrcraft oq the taxi way or gate a.IAsyn;r:;mc‘a\ lemperamr: ITZ ellecrs are blhe Potentially | Aditional studies
} Taxi Major resulting in low speed contact 0ss of wheel same as partial brake loss above. =, girophic a*  required to
Deceleration braking &€* brake Landing or RTO = The crew keeps the aircraft on the
i i i " . . to be confirmed determine
- with terminal, aircraft, or system failure runway by using rudder at high .
Capablmy hicl only speed and nose wheel steering at by analysis classification.
venicles.
. low speed. Consequences are TBD
d. Annunciated ’ i i
loss of Crew steers the aircraft clear pending results of the justfcation
Deceleration Taxi No Safety Effect = of any obstacles and calls for
Capability a tug or portable stairs.
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Publisher/Subscriber Model
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| ATA | Name

z24-xx-101 Elec. Pwr. Sys. - L

724-xx-102 Elec. Pwr. Dist. Unit - Wheel Well - L
z24-xx-201 Elec. Pwr. Sys. - R

z24-xx-202 Elec. Pwr. Dist. Unit - Wheel Well - R

z27-xx-101 Rudder Pedal Assembly - L
z27-xx-104 Rudder Pedal Rudder Position Sensor - L
z27-xx-201 Rudder Pedal Assembly - R
z27-xx-204 Rudder Pedal Rudder Position Sensor - R g

z29-xx-101 Hyd. Pwr. Sys. - L
729-xx-102 HPS - L Isolation Valve - L
729-xx-103 Selector Valve - L
z29-xx-104 Accumulator - L =

[ Publisher ATA | Publisher Name | Connection | Signal ] Subscriber ATA | Subscriber Name ] Notes
224-xx-101 Elec. Pwr. Sys. - L 224-xx-101_z24-xx-102  Primary Power 224-xx-102 Elec. Pwr. Dist. Unit - Wheel Well - L
224-xx-101 Elec. Pwr. Sys. - L 224-xx-101_z24-xx-202 Secondary Power 224-xx-202 Elec. Pwr. Dist. Unit - Wheel Well - R
224-xx-101 Elec. Pwr. Sys. - L 724-xx-101_z27-xx-104 Main Power 227-xx-104 Rudder Pedal Rudder Position Sensor - L
227-xx-101 Rudder Pedal Assembly - L 227-xx-101_z29-xx-110 Mechanical Power 229-xx-110 Manual Meter Valve - R Inboard
227-xx-101 Rudder Pedal Assembly - L 227-xx-101_z29-xx-206 Mechanical Power 229-xx-206 Manual Meter Valve - R Outboard
229-xx-101 Hyd. Pwr. Sys. - L 229-xx-101_z29-xx-102 Hyd. Power (Pressure) 229-xx-102 HPS - L Isolation Valve - L
229-xx-103 Selector Valve - L 229-xx-103_z29-xx-104 Hyd. Power (Pressure) 229-xx-104 Accumulator - L Bi
229-xx-105 Meter Valve - L Inboard 729-xx-105_z29-xx-101  Hyd. Power (Return) 729-xx-101 Hyd. Pwr. Sys. - L
232-xx-101 BSCU - L 232-xx-101_z29-xx-205 Meter Valve — R Outboard Command 229-xx-205 Meter Valve - R Outboard
z32-xx-101 BSCU-L 732-xx-101_z29-xx-209  Meter Valve — L Outboard Command 229-xx-209 Meter Valve - L Outboard
232-xx-109 Weight-On-Wheels Sensor - L z32-xx-109_z32-xx-101 ~ Weight-On-Weels Sensor — L Reading ~ z32-xx-101 BSCU - L
232-xx-109 Weight-On-Wheels Sensor - L z32-xx-109_z32-xx-201 ~ Weight-On-Weels Sensor — L Reading  z32-xx-201 BSCU-R
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SysML Model (Early Architecture)
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i packamiowss cwss
ablocks e cwes
weS) BSCU «blocks

flow ports — CWBS_impl
in Not_in in NorP_Feedback
in PedalPost out NorvalveCmd flow ports
in Nor_out in AutoBrale
mewz in Pedal1 inBlue_P
in AC_Speet
S in Pedal2 P = in DecRate
in Skid in Purl
in Green_p
o jriEeeZ inNor_in
out Syem_Mode in skd o o .
out All_Active ernoms «dlowPort» NorValveCmd in PedalPosl
in AlLIn in AC_Speed bRz
in AutoBrale: cop dlowPort» AltvalveCmd in Pw2
in Blue_P in AItP_Feedback in AC_Speed
in DecRate out AltValveCmd in Skid
in Green_P b Al Active cllowport» Sysem_Mode [5] inAce.P
5] cflowpors Purt Jr auoemieon out Sysem_Mode
lowPors Sysem_Mode [ in Blue_
dlowPor Pur2 ouretz SRl ] dmartate> Purt out Alt_Active
owron UM et inAlt_in «dlowpor» Al Acive L
«lowPort» PedalPost - «llowPorts Purz =)
parts
alowport> Pedall
dlowPor Autorale: flowPort» P SV : Selectovalve
DSV : Delayl
S ETED flowpor Pedal2
. DelayCMDAS : Delay? SV : Selectorvalve
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fowPori> AlLIn 1 Pl
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System and SW Architecture with AADL
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File Edit Ma_vigate_ Saa_r_ch _Pru-j_ed OSATE. An “Run  Window Help

= ¥ : : =
5] hydraulic.aadl | | main.aadl &2 |

P - cystem implementation main.impl -
subcomponents
functional : system functional::main::Aircraft.basic;
4 [z = functional wbs_impl : system impl::wbs::wbs.ima;
4 = imv properties
2 hydraulicimv -- We bind thell-éBS physical components to ‘FuncFlcllns . o =
4 @y > whs On the physical components, we have to explicitly define bindings propaga’

and on the function, we define processor bindings. Right now, we make use
of the processor binding mechanism to bind functions with their associate
runtime component.

Actual_Processor Binding =» (reference (wbs_impl.bscu)) applies to functis
Actual_Processor_Binding =» (reference (wbs_impl)) applies to functional.:
Actual_Processor_Binding => (reference (wbs_impl.blue_pump},reference (wb;

Actual_Processor_Binding =» (reference (wbs_impl.power),reference (wbs_im =
i

command-control.aadl

main_main_impl_Instance.imv §2

Tl &8
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Architecture Fault Modeling with EMV2
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ﬁ_ AADL 01.0?01 Mehervalve sl,andardfhyd meter. va!ve.aad! - OSATEZ
File Edit Mavigate Search Project OSATE Analyses Run Window Help
E@U“_ﬁ (L' yor UK.ETDEQQW@@Q@QQG!@

Generate Excel Report Import Lattix file Generate DSM Matrix  Export AADL into LOM  Lropart Simulink mode| &5 N | | 2

mmmAxy IEEAOYDD

e G re | et .4
Quick Access [ E’|&IM\|’

|_meter v.. &4 |wbs,assembiy... |BrakeMLGErm... |WBS,Supp['rer... |WBS-Ermr-LI... |wheefjssemb,.. | e = .8

S T =T~ Do Ty e oy ey

-

draulic_errorlibrary,current_driver_bus_errorlibrary,hyd_meter_valve errorlibrary;
hyd_meter_walve_errorlibrary::metervalveerrorbehavior;

=5 01.01.01 - Tube segment standard

=5 01.01.02 - Tube tsegment

> 'ng 01.02.01 - Accumulator standard

» 25 010301 - Check valve standard

=2 01.04.01 - Isolation valve single coil

'L.gg 01.04.02 - Isolation valve dual coil

'L'fwg 01.05.01 - Selector valve standard

E‘sﬁ 01.05.02 - SelectorvalveWithCommeon
=2 01.05.03 - Selector valve standard 3 port
3 'ng 01.06.01 - Wheel brake actuator standard

error propagations
hyd_bus_in: in propagation {hydraulicerrors};
hyd_bus_in: out propagation {hydraulicerrors};
metered _hyd_bus_out : in propagation {hydraulicerrors};
metered_hyd bus_out : out propagation {hydraulicerrors};

2 BOF e

-- TODO check with Rizzi here
hyd_ret : out propagation {hydraulicerrors};
hyd_ret : in propagation {hydraulicerrors};

4 125 01.07.01 - Meter valve standard Flous" Toial Failing pages
_:5 hyd_Meter_Valve_Errorlibrary.aad ell : error source hyd_bus_in{lost pressure} when mechanically failed{meter_wvalve_leaking};
=| hyd_meter_valve.aad| L. ecl : error source metered_hyd_bus_out{no_pressure} when mechanlcally failed{meter_valve_stuck_closed};
202 : iled{meter_valve stuck open}; —

» 125 01.07.02 - Meter valve electrical single coil
> k;;: 01.07.03 - Meter valve electrical dual coil

> '&g: 01.07.04 - Meter valve mechanical —
(25 02.01.01 - Bus standard

> bg 02.02.01 - Processor standard bp1
+ 122 02.03.01 - Power supply standard
125 02.04.01 - IO Driver standard

& bscu_components.aad
ulll

B o vy Tobaiinns sl T
[ writable | Lns* -_
: oy DPM

11/5/201°8

D e T Doy e L AT T Tl Bewme Rele ey W

T [0 ey s o o e ol

(1t emar ey Wby Ptk e g e Sty e Rt ocervary oo Pl Bt V|

[ swna . s p— f

1 Uiy s i [ oy i
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Solid Geometry Model
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. P 2 BSCUs
Electrical - ‘7 ¥

Line to sensors

Electrical
Power supplies

Electrial
i< \’f-;é%Unit

Hydraulic
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Solid Geometry Model
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--FF-?"... s

Power W|re
forfsensors

Selector valve

— Accumulator

Hydraulic /=~ Metering valves
Pressure—*%y Manual
Sensors S Metering valves
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Inter-Model Consistency Checks
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Solid models

BSCU

Hyd power
supply

ccumulator

By wihesl Well Line 145> INsf
Q Accumull sz Lasiault)
-y HPS-L<d> Defaun)
B, whesl Wl Line 146> [Def
& twheel Well Line 1<7 [Def
-y vwheel Well Line 1¢8» (Def
By wheel Well Line 3¢8> [Def
B, hister Valve Inboard< 3> (D
B, wheel well Line 33 [Def
-y wwheel Wl Line 210> De
-y Manual Meter Valve Inboar
- Connection Bowe3> [Defau
By twhesl Well Line 2<3» (Def
By Hyd Pressure Gensor nbos
% Meter Valve Dutboard< 2>
-y wrheel wel Line 311> [De
- banual Meter Valve Outbo.
-y wwheel Well Line 3¢12> De
-8y Connection Bowed> [Defau

% Hyd Pressure Gensar Duthcr‘

B, twhesl well Line 24> [Def
% Electiical Pawer U Gate<|=

© File Edit View

N (N i I MR Siae A T

Project Diagram Element Tools Analyzer Extensions Settings Window Help

<default>

Y #8] asic - Nowat -

+ <& 7  Defautt style

created: 1/21/2013:

7 PM modiied 3/28/2013 10:50:27 AN, B4% 1051x1650
S EEFLE LR B X

X

150 [Bioek] CWIBS_impi [CwiBS_mpy 7.

Functional Models

(AADL — SysML)

&

[

ko

m

i

Bl B8 % B8t
4 g Model

4 [B] cwss

%2 cwas

& [E <block=BSCU
B «blocks CMDASMeterValve
o B eblocks CWBS
& [ eblocks CWBS_Impl
B <block= DelayL
b eblocks Delay?
o B eblocks Delay3
& [ sblocks Pedal
& [ eblock= SelectorValve
b B eblocks Valves
o B eblocks Wheel

TR -
General Seitings
"] cwes
73 CwBs
o [ sblocks BSCU
& [E <blocks CMDASMeterValve
b eblocks CWBS
& «blocks CWES_Impl
& eblocks Delayl
& <block= Delay2
& eblocks Delay3
& eblocks Pedal
& eblocks SelectorValve
b 8 <blocks Valves
b B eblocks Wheel

[
3
3
[

| 5 project Browser | G Resources

Ll e S b6
General Settings

Name

Scope

Type

Sterastype

Phase
Language
Fllrame
Project
B Advanced

| B Properties | & notes
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Automation of Safety Analysis Practice
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Error Sources

NoService /
 Use of Error Model EMV2 and ARINC653 annexes H/"/ ',
* Relevance for the avionics community

Comparative architecture trade study st
« Federated vs. Integrated Modular Avionics (IMA)

architecture E23]

Support of SAE ARP 4761 System Safety Assessment Pr  actice
e Hazards (FHA), Fault Trees (FTA), Fault Impact (FME A)
* Reliability/Availability Markov Analysis (MA)/Depen dence Diagram(DD)

Function | Faiure | Faiure Wht | Falus | Detecton Method | Gomments e
Name | Moce Rate | Prase | Eriect m—— =
{E:8) =X
TSVoR | +5Voutol | 02148 A | Possile | Fower Suppy Monior | BSGH 1.00
spec. ol ips, shuts down supply | channel fails. - —
shutdown | and passes ‘invaiid = e A8
power suppy (PIS)" 1o 1
ather BSCU sysiem 075
;:vnm 02857 Al :'Is Pwrnmm"sn iﬁw_ﬁ‘— = e e e E
e 8500 sy | o Supplier =] = =l = === % 0
Tossof/ | 03571 A Tncrease | May pass out ol cause. E — e . = =
reduced Fope .| Voknba oo o1 BSCU | Spch P Subsystem ] ) g
fitering  rile & such that s | monitor tip
notdeectedbytherss | [ = — a8
manitor [ ] .
+5V open ).5714 Al Power supply monitor 8scu
shuidown | passes imvaiid P/Sto | channel iiks.
|.othet BSCU system ___ - 0.00
T No Effect :;ﬁ Al NoEtiect | None/No Ettect | No Effect | _ ] =i 0 1 2 3 4 5 3 7 8 El 10
Failure > ;
Rate of
+5V
Supply
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CAPABILITIES

BEING ADDED
VERSION 1.0B - 2014
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AFE 61S1 (2014) Use Cases
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 Printed Circuit Board
Interconnect T

Prove physical (Conmecia o g
- . PCB Pads) s
Implementation '

matches (is -

consistent with) the Level 2 levell =

Terminals

.
Tt e

Contacts

"
wax2

logical design s wang L
. Trace to Connector)
(schematic) PCB Signa -
Pins
e Future: expand use el

case to include e
. . PCB Pads)
wiring harnesses

PCB (Printed Circuit Board
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AFE 61S1 (2014) Use Cases
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* Autobrake/antiskid @
e n ab I ed Lo MED MAX N:"W STRG

* Multiple communicating
state machines

* Multiple communicating
control laws

Typical mode select/control panel

e Electro-mechanical

braking system ’ ]
» Adds multi-physics
simulation models to the

mix y ub—mu P—pP M [—

airplane body

contraller EHA brake apparatus
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AFE 61S1 Model Map

| SysML (EA) |

SysML (SCADE System)

ASIIST

PRISM

CAFTA

Open FTA
e el ' CATIA
—] Model Repository | [ SolidWorks |
Y | (Share-A-space ™) )

| STEP AP-203 |
STEP AP-214
STEP AP-233/-239

STEP AP-210
VHDL-AMS

SCADE Suite DXDesigner

L 2013 Capabilities J 2014 Capabilities
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CONCLUSION
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Summary
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e SAVI target/goals (summary)
Reduce costs/development time through early and

continuous model-based virtual integration
 Distributed inter-domain/inter-model consistency ch ecks
throughout development - (start integrated, stay
integrated)
» Protect intellectual property (IP)
« Capture incremental evidence for safety analysis a  nd for
certification

e Approach
Capture Requirements and Use Cases that define the

following:

SAVI Data Exchange Layer

SAVI Model Repository

SAVI Virtual Integration Process

SAVI distributed inter-domain/inter-model dependenc ies
and consistency checks
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Questions or Comments?
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e For more information

e SAVI Program Manager: Dr. Don Ward ( dward@avsi.aero )

e AVSI Director: Dr. Dave Redman ( dredman@avsi.aero )

 Web: savi.avsi.aero
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Acronyms
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 AFE — Authority For Expenditure

* AIR — Aerospace Information report

AVSI — Aerospace Vehicle Systems Institute

« BSCU — Braking System Control Unit or Brake and Stee  ring
Control Unit

IMA — Integrated Modular Avionics

IP — Intellectual Property

PCB — Printed Circuit Board

PSSA — Preliminary Systems Safety Assessment
SAVI — Systems Architecture Virtual Integration
SE — Systems Engineering

VIP — Virtual Integration Process

WBS — Wheel Braking System

CFDIU — Centralized Fault Display Interface Unit
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