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Supply Chain Tiers
Multiple Data Formats
Multiple Data Repositories

THE SITUATION
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Text Models & Diagrams
DB's

Text Models & Diagrams
DB's

t Operations Maintenance t

60% 10% 30% High-Level System 30% 60% 10%
l t t Requirement N Validation l t t

Traceability

50% 20% 30% Detailed Subsystem 30% 60% 10%
l t t Requirements Verification l t t

10% 30% 60% High-Level Integration 30% 65% 5%
- t l Design Testing - t l

10% 40% 50% Detailed Comp / Unit 20% 75% 5%
- t l Design Testing - t l
20% l 40% t 40% l Implementation 20% l 40% t 40% l

Development
Fabrication

« MBD / MBE Impacting Systems Engineering Processes

* Percentages Driven by an Organization’s MBE Adoption & Maturity
» Models exchanges increasing
= Text based requirements will not go away

© PDES, Inc. 2013



IEEE AVSI

AEROSPACE VEHICLE

I\/Iultlple Groups/Tools/Repositories

°
. &
] Airframer

Sales

L d

- Engineering

/.

Service

Model

Repository

' A
. Manufacturin

Data Exchange/Translation

Supplier 1

Supplier 2

Customer 1

Customer 2

Regulator |




Cross-Domain Linking
Model Explosion
Increasing Complexity

THE MODEL ENVIRONMENT
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SysML
Enterprise Architect

Analysis 3D Solid

ASIIST Geometry Pub-Sub
s SolidWorks, NX

I\/Iodels Across the Supply Chain

Correspondence
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Requirements Model

. e el Effect of Failure Condition on el _Referencg_io
Function (Hazard Phase Aircraft/Crew Cl
Description) Material
- - I‘:)ece'{erat»e Total Loss of di !
Requirement “Description Defived Traced From ArCrat using oo hraking ~ -2ding or RTO See Below
. Wheel Braking
Aircraft shall have a
i Crew detects the failure when the
means to decele!’ate on 14 CFR Part Mlmmum Standard a. Unannunciated brakes are operated. The crew uses
S18-ACFT-R-0009 the ground in 25.735 required for aircraft loss of wheel  Landing or RTO | spoilers and thrust reversers to the  Hazardous S18 Aircraft FTA
accordance with 14CFR certification braking maximum extent possible. This may
25.735 result in a runway overrun.
Technological Crew selects a more suitable
improvements in CAT b. Annunciated airport, notifies emergency ground Crew procedures
lllb auto-landin loss of wheel Landing support, and prepares occupants for Hazardous for loss of normal S18 Aircraft FTA
Aircraft shall have . . g brakin runway overrun. The crew uses and reserve
S18-ACFT-R-0110 R Derived capability and market 9 spoilers and thrust reversers to the modes
autobrake function
research, (report maximum extent possible.
MRS18- XXX) about the Partial
customer needs S¥mnr"|etr‘\ca\ Il;oss Landing or RTO See below
. Wheel B
All weather operation of Wheel Braking
and stability of the The crew detects the failure when
. " the brakes are used. Crew uses
Al ft shall id aircraft durng_numvay available wheel braking, spoilers and
Ircraft shall provde an . 3
S18-ACFT-R-0135 anti-skid function. Derived a. Unannunciated thrust reversers awailable to Additional study Potentially
partial maximum extent fo decelerate the Major to required to catastrophic a€*
symmetrical loss Landing or RTO :;ﬂz"l;):g: d'zrr"aieer:[\:.r:;:sggﬁz Hazardous determine to be confirmed
of wheel braking classification by analysis
- — ~ could reach point where wheel/fire
Failure Condition Effect of Failure failure occurs. Depending on
(Hazard Phase Condition on Classification umber of brakes lost result could
Al q e an overrun.
Description) Aircraft/Crew m ) hat the
e crew is aware that there is a
Loss of i ial loss of braking bef
. ' Landing, RTO partial loss of braking before
Aircraft shall have ) Deceleration 9 ' See Below See Below landing. Crew uses wheel braking,
S18-ACFT-R-0184  hydraulically-driven Derived Capability Taxi b, Annunciated spoilers and thrust reversers
brake function 2 Unannunciated ) partial Landing aﬁliﬂli::z: tz:il::r;x,(;:;m Major
loss of Crew is unable to decelerate s);mr:el:’lzal!oss temperature on wheels of the loaded
" . . L . of wheel braking N
. Landing, RTO Catastrophic the aircraft,resulting in a high brakes increases and could reach
Deceleration speed overrun point where wheel/fire failure occurs.
m ding on number of brakes lost
Capability Depen
result could be an overrun.
The pilot shall be 14CFR b. Annunciated Crew selects a more suitable Asymmetrical
. . L f Wheel Land RTO See bel
S18-ACFT-R-0185 allowed to override the loss of : runway, notifies emergency 055 ofWheel | Landing or ¢ below
) 25.735(c)(2 . Landing Hazardous Braking
autobrake function. Deceleration ground support, and prepares Decrease in braking performance.
il Tendency to veer off the runway. For
Capability occupants for runway overrun. braking performance and brake
. a. Asymmetrical temperature the effects are the . "
§] iated Crew is unable to SIOp the loss of wheel same as partial brake loss above. Potenua.\ly’ N Additional studies
C. Unannunciate . . N “ s catastrophic a€* required to
loss of aircraft on the taxi way or gate braking éefakl)rake Landing or RTO = The crewll;eeps the le;craﬁ 1I31n thhe to be confirmed determine
. . . . system failure runway by using rudder at higl . . .
Deceleration Taxi Major resu!tmg in Ipw spged contact only speed and nose wheel steering at Y 2NAYSIS classification.
" with terminal, aircraft, or low speed. Consequences are TBD
Capablllty vehicles pending results of the justification
. . studies.
d. Annunciated c " the ai ft cl Decrease in braking performance.
loss of X few steers the aircraft clear b. Asymmetrical Tendency to veer off the runway. For
. Taxi No Safety Effect of any obstacles and calls for loss of wheel braking performance and brake
Deceleration a tug or portable stairs braking and loss | Landing or RTO ~~_\SMmperalure the effects are the Hazardous S18 Aircraft FTA
Capability : of rudder or nose same as partial brake loss above.

The crew cannot maintain runway
centerline and results in an offside
excursion.

wheel steering

Inadvertent wheel
brake application

© AVSI o
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| ATA | Name

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

z24-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

7z29-xx-101 Hyd. Pwr. Sys. - L
229-xx-102 HPS - L Isolation Valve - L
229-xx-103 Selector Valve - L
229-xx-104 Accumulator - L

[ subscriber ATA |

Subscriber Name

| Notes |

[ Publisher ATA | Publisher Name [ Connection [ Signal

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
z24-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 224-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
z27-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

229-xx-105 Meter Valve - L Inboard 229-xx-105_z29-xx-101 Hyd. Power (Return) 229-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

232-xx-101 BSCU - L 232-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 232-xx-109_z32-xx-201 Weight-On-Weels Sensor — L Reading  z32-xx-201 BSCU-R

© AVSI
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SysML Model

bdd [Package] CWas [cwes] _/ ibd [Block] CWBS_Impl [CWBS_Impl]

«ch\‘;ac:. «blocks cwss
esey «blocks
flow ports o g cwBsS_impl
st in NorP_Feedback
in PedalPost out NorvalveCmd flow ports
in :W'; in Nor_Out in AutoBrake
in Pur
in Pedall
in AC_Speed In pedas BEILD
inskd lowport» Alt_Active [ in DecRate
in Acc. P i EW; in Green_P
= in Pur
out Sysem_Mode i in Nor_in
out Alt_Active. ST «flowPort» NorvalveCmd in PedalPosl
in AlLin e et in Prl
In‘AutoBrmie. in Acc_P «lowPort» Altvalvecmd in Pwr2
inBlue_P in AltP_Feedback in AC_Speed
in DecRate out AltValveCmd ET)
DEELP out Alt_Active «lowpor> Sysem_Mode 3] in Acc.P
flowPort» Pwrl in AutoBrakeOn out System_Mode
«lowPort» Sysem_Mode [ in Blue_P v
dlowPort» Pur2 r [ ]reeRare> pur1 out Alt_Active
flowPort» PedalPost llowPort» Alt_Active 2] n Green_P DAL «lowPort» Alt_Active L
«dlowPort» Pwr2 —7
dlowPort» Pedall parts
dlowPort» AutoBrale S8 D
«flowPort» DecRate [Bliowpon» pedaiz DSV : Delayl
DelayCMDAS : Delay2 SV : Selectorvalve
TS «flowPort» AutoBrakeOn e ]
«flowPort»
lowPort» Skid «flowPort» DecRate <blocs PedalP : Pedal iy
Selectorvalve CMDASMV : CMDASMetervalve flowpor, Alt-OUt
iowparts Green_P «flowPorts AC_Speed p—— [IaciDslay eloys N «lowPort» Nor_in Nor_in 5 DSV Delayg
w ntrolUnit «flowPort> [
[ tlowpons skid
[Slctiowpon> Biue_p & in AILIn ’EEACC,\SMMM, Valtes prw——— o
out Alt_Out X
dlowPorts NorP_Feedback L =
AT out Nor_Out «lowPort» Nor_Out
«dlowPort» AltP_Feedback in Noc_In
Bl touports vorn o lowPort» Nor_in BSControlUnit : BSCU
A «lowPort» Green_P diowpor» Alt_out [
E PurL
«lowport» AlL_in
=] ctiowporty Alt_in 2 cttowpors siue_p «flowPort» Purl
= y S R——
«flowPort» Acc_P
- «dlowPorts AlLACERY -] CMDASMV : CMDASMetervalve
«lowPort» Nor_out «flowPort» Pur2
2] cflowport» Nor_out
«flowPort»
PedalP : Pedal i
Normal_Pressure.
«flowPort» Pedall.
2] «flowPort»
«flowPort» Pedal2 NovalveCmd
«blocks o «flowPort» AltvalveCmd
= “Pedal CMDASMetervalve
flow ports 2] «flowPort» AutoBrakeOn DelayCMDAS
in AutoBrale flow ports Trmem flowPort> AutoBrake 2l Delay2
in Blue_P out Mechpedal T — 0m
in DecRate out Pedall out Notmal_ Proseure  eflonficiig «lowPort» AC_Speed sfourongljomal_Pres SRS ut
in Green_P out Pedal2 «lowport» Pedal1 ] in NorvalveCmd Normal_Pressu “flowPort> AC_Speed
4 nJ
In Nor n Pedaipost
lowport» Pedal2[] «flowPort» Skd >
Redalies B flowPort» System_Mode[3]—-& | ——foaRps Sysem Hod
= «flowPort» PedalPost PN
in Purz adlowPort» - «lowPort» DecRate AccASManual : Valves
in AC_Speed MechPedal .
in Skid :m";;”;‘;md «flowPort» Green_P.
in Ace_P Vol
NG «flowPort» System_Mode [ «lowPort» PipeOut_AccP
out Al ACive {latiowports Blue_p B
T «flowPort» Alt_Out
in AlLin = «lowPort» Acc_P. =
) «lock> «flowPort» Acc_P 5] fowPorts Acc_Pressiure L
arts 8 Delayl
T . P T «flowPort» NorP_Feedback 53] «llowPort> AILACtive 0 ports
«bloch
DSV Delayl flow ports
DelayCMDAS : Delay2 Valveg out NorP_Feedback =] cflowPort» Nor_Out {Slatiowport» Altvaivecmd'lemate_Pressure
Wheel B in Nor_Out
Pedalp : Pedal - gl o «lowPort» AltP_Feedback «lowPort Cmd
i «block
CMDASMY : CMDASMetervalve out Plgeout AP R
AccDelay : Delayd in Acc_Pressire
BsContolunit: 88cU in Alvalvecma . flow ports
AccASManual : Valves «dlowPort>
HowPort> PedaiPost in AItActive B out Nor_Out
in Al_Out REEE in Nomal_PressurélowPorts Nof_Out
dlowPort» Skid Shuiieamaresie  dowports & «lowPorby ;
Altemate_Pressi
lowPort» Nor_in dlowPort» Acc_Pressure
dlowPort» Green_P «lowPort» AlL_Active «blocks wowi
Delay
lowPort» AltValveCmd «flowPort» Normal_Pregsure
«lowPort» DecRate o «flowPort» PipeOut AccP  <[lowPortp AltP_Fegdback
«lowPort» Blue_P ticgonslCd out AltP_Feedback «flowPort Altemate_Prefssure
4 in PipeOut_AccP
flowports «llowPort
«lowPort» AutoBrake Plpipeout_acc Alte_Feedback
dlowPort» Alt_in «blocks
Wheel
dlowPort» Acc_P
flow ports
«dlowPort» AC_Speed in Altemate_Pressure
n Nomal_Pressure
lowPorts Pu2 5] iowPort> Normal_Presaure
dlowPort» Altemate_Pressure
lowPorts Purl z
oo
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System & SW Architecture with AADL

ES AADL - ARP47E1/2dva / .
File Edit Mavigate Search Project OSATE Analyses Run  Window Help

aC B -y i W W W W W W W W W W W Generate Excel Report Import Lattix file Generate DSM Matrix  Export AADL int
' ‘B EBEE B My @i Ea i Gl h ey |
Quick Access E | %IMV &0 Team Synchronizing [
2 MADL Mavigator 52 | EI =
w |=| hydraulic.aadl |=| main.aadl &2
4 [rf » ARP4761 [examples master] - . . L
= - system implementation main.impl -
4 [ » advanced
subcomponents
» [y common functional : system functional::main::Aircraft.basic;
4 [ = functional whs_impl : system impl::wbs::wbs.ima; Al
4 [= imv properties

-- We bind the WBS physical components to functions
-- On the physical components, we have to explicitly define bindings propaga’

m

=| hydraulic.imv

4 [y > whs -- and on the function, we define processor bindings. Right now, we make use'—
|5} command-control.aadl -- of the processor binding mechanism to bind functions with their associate
5 » generic.aadl --  runtime component.
5 » main.aadl Actual Processor_Binding =» (reference (wbs_impl.bscu)) applies to functi.

Actual Processor_Binding =» (reference (wbs_impl)) applies to functiocnal.:
Actual Processor_Binding =» (reference (wbs_impl.blue_pump),reference (wb:
] Actual Processor_Binding =» (reference (wbs_impl.power),reference (wbs_im| =
|5 = hydraulic.aadl 4 m ] b

|55 electrical.aadl

m

|5 generic_functions.aadl

|5 = main.aadl
|5 throttle.aad|
|5} WEBSFunctionalErrorLib.aadl

*main_main_impl_Instanceimv &2

FlrE|=al0e(golao|d 2% 4

. Decomraty Rasic_imnstance
# pemElctscn

13

|

Arcran sk mstasce

DecelerateAircraft_basic_Instance [

BemHydds: funeriorod

fromadent

m

fromElectrical
fromHydraulic
fromAlent

omElectrical

framSteenng
fromi-ydraullc

fromStatus. frombydeauie

omalet o fromAders

fromSteering, | fromSteeng

fromSasaring

FomStatus ‘B tomStatus

© AVSI 11
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Architecture Fault Model

#f Java(TM) Platform SE binary Window Help W 55 8 é A @8 FH $ O 2 = @ E=us 100%EF Tue7:41 PM Brendan Hall Q :
%_ AADL - 01.07.01 - Meter valve standard/hyd_meter_valve.aad| - OSATE2 =l é 4
File Edit Mavigate 5Search Project OSATE Analyses Run  Window Help ;
O-Hael @ UL~ 4 i VIVWWVWYVYWee Aos@0 a
Generate Excel Report  Import Lattix file Generate DSM Matrix  Export AADL into LDM m| | @| = ,@, AT I v| all | :
Quick Access [ = | -%IM\{ %
DL Navigator &2 | = <fg> ¥ =8 = *hyd_Meter V... =] *hyd_meter_v.. & | wbs_assembly... BrakeMLGErro... WBS_Supplier... WBS-Error-Li... wheel_assemb... P = &8 | & |¢|
#0001 - Commom errar library - TAT_T TR rmAmen T e mmems mgommmmmmpmmmnm sy g mmeamene i EE k
% 00.01 - Commom 518 properties annex emv2 {** = &
= H i = t hydrauli lib t_dri b lib hyd_met 1 lib 5 u
|2/ HydraulicBusesHavePressure.lute use types hydraulic_errorlibrary,current_driver_bus_errorlibrary,hyd_meter_valve_errorlibrary; I s
2/ Sl8properties.aad use behavior hyd_meter_valve_errorlibrary::metervalveerrorbehavior; EE—I‘ a
I =8 01.01.01 - Tube segment standard . i
< error propagations iz
= 01.01.02 - Tube tsegment hyd_bus_in: in propagation {hydraulicerrors};
> =% 01.02.01 - Accumulator standard hyd_bus_in: out propagation {hydraulicerrors}; ¥
» 22 01.03.01 - Check vahve standard metered_hyd_bus_out : in propagation {hydraulicerrors};

» 5 0L04.01 - Isolation valve single coil metered_hyd_bus_out : out propagation {hydraulicerrors};

s b= 01.04.02 - Isolation valve dual coil - TODO check with Rizzi here

> b: 01.05.01 - Selector valve standard hyd_ret : out propagation {hydraulicerrors};
s =5 01.05.02 - SelectorvalveWithCommon hyd_ret : in propagation {hydraulicerrors};

» 125 01.05.03 - Selector valve standard 3 port

s b= 01.06.01 - Wheel brake actuator standard

m

m

@B IR<EXERECO DruNVELCOQHMe

4 22 01.07.01 - Meter valve stam?lard Flows" local failure modes

|= hyd_Meter_Valve_Errarlibrary.aad| ell : error source hyd_bus_in{lost_pressure} when mechanically failed{meter_valve_leaking};

|=| hyd_meter_valve.aadl L ecl : error source metered_hyd_bus_out{no_pressure} when mechanically_failed{meter_valve_stuck_closed};
5 b* 01.07.02 - Meter valve electrical single coil 202 : error source metered_hyd_bus_out{pressure_error} when mechanically failed{meter_valve_stuck open}; —
> 22 01.07.03 - Meter valve electrical dual coil . . .
. 2% 01.07.04 - Meter valve mechanical b B .Cpe’atlc:nal . failure p’c_:pagatlcns X -

- -- when operational faults propgate through components q

> b:OE.Ul.Ol-Bus standard nfl : error path hyd_bus_in {hydraulicerrors} -> metered_hyd_bus_out;
» 1= 02.02.01 - Processor standard bpl : error path metered_hyd bus_out {lost pressure} -> hyd_bus_in;
> 22 02.03.01 - Power supply standard end propagations;

> 22 02.04.01 - 10 Driver standard

g b: 0203.01 - Memory sta.ndard component error behavior -
> =5 02.06.01 - BSCU IMA single channel .
4 g 02.06.03 - BSCU Federated single channel | -- 4] =
\=| asic_error_library.aadl P"UPEFatiU”S —
=| bscu_components.aad| - ~ =
EEl _ P )
Y heen erear likrane asdl il d L 5 | b .
Writable Insert p *
.
: 5:41 PM [k
e 2O 0
[.: i =
: W:L"' T = T = :
L b T - robse Pates o Racovery  Worg —
| ot L Sal Payhoed g Wk Bun fakire couset papload barstan Sty Sy Bun fecvery Cates Pabosd Tarmber. Worke
T N R— e
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Requirements Exchange
Inter-Model Dependencies
Inter-Model Consistency Checks

USE CASES
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Dependencies Are Key

Project Systems %
- 0O .E

~
AN
So N
~
So >
’

J

1Mechan|cal]

E/Ianufacturin

J

Structures

Test &

——

Aerodynamics @ Propulsion

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

© AVSI 15
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Inter-Model Consistency

Project

Soft ' Elec

\ i f -
E/Ianufacturin%: Y i ) 1Mechan|cal
E“Tae| |S| tat&inn Structures

W Each group has

views/models of the Aerodynamics Propulsion
airplane

B Inhconsistent —
+» Possible Problems

B Relations/Dependencies exist < Not Valuable
between the views/models used

© AVSI 16
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Inter-Model

Solid models

BSCU

Hyd power
supply

_-Accumulator

e

T
By Wwheel Well Line 1<5> (0ef

B Accumul

REC- e L
By HPS-Led> Detaun
By Wwhesl Wall Line 1<6> (Def
By wiheel well Line 1<7> [Def
Ry wiheel wel Line 1<8> [Def
& wiheel wel Line 2¢8 [Def
% Meter Valve Inboard<2> [D
..... By Wwheel Well Line 3<% (Def
By Wwheel Well Line 310> (De
By Marual Meter Valve Inboar
% Connection Boxe3> [Defau
Ry wiheel wel Line 2¢3» [Def
% Hyd Pressure Sensor Inboa
% Meter Valve Dulboard<2> |
By Wwheel Well Line 3<11> (De
B Manual Meter Valve Outbo.
By Wwheel Well Line 312> (De
By Cornection Box<d> [Defau
% Hyd Pressure Sensor Outbe,
..... Ry wiheel wel Line 2¢4> [Def
% Electrical Power OR Gate<
% Bulkhead Cannector<11s [|

L. el

© AVSI

Consistency Checks

File Edd View Pojed Disgram  Elemerd  Tooh  Anabrer  Exbermions

DGl & 2 A0S B8 <o 2 x g
I
otesd. 171013 ‘ :
Detauit Style . M. BlBHE % R G
R Ty A a Model
- i Cwes
T cwes

Functional Models
| (AADL — SysML)

Qo s page | 28 cuth, B owes impd |

3

i sblocks BSCU
i =blocks MDA etervahve
i “block- CWES
& ~block. CWES Impl
i ~block- Delayl
il sblicks Delay?
Bl <blocks Delayd
[l sblicks Pectal
i -blocks Selectorvahve
i “block- vatves
. [ block- Wheel

S Pt Brovwaes |G Briaurcrs

B4 o it 6

S Sm— -

T owes
T3 cwes
i sblocks BSCU
i =blocks MDA eteriahe
~blacks CWBS.
& -block. CWES Impl
il cblicks Delayl
il sblicis Delay?
. [l sblicks Deleyd
@ shincks Peds
[l “blocks Lelectoriatie
i@ “blocks Vahves
i “blocks Whee!

(& properties | B tiotes
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2019 Proof of Corlcaoi

Eurostep ReqlF Importer
Based on small sample size of
ReqlF examples |
Possibility of bidirectional POC
Converting to PLCSe2 (PSM
model) in 2014 '

DOORS Excel format
Slight modification to

get TcSE import to work

Requirements
Management Repository

Requirements
Management System

(DOORS 9.5 - Req|IF)

REQUIREMENTS

CM Level (transmit — receive):
export / import; status, version,
effectivity

Some work by
Eurostep;
need to repeat

with test case SysML Tool

(Share-A-space 7.7)

Eurostep Excel
format

S

AP233 version A
incompatiblity
issues; ReqlF
testing incomplete

Requirements
Management Artifacts

(Excel Format —
requirements &

traceability)

More Roundtrip Testing Needed with PDES / SAVI Use Cases

© PDES, Inc. 2013

Requirements
Management System
(TcSE 8,9,10-AP233/

(Magic Draw — XMlI)

SysML Tool

(Enterprise Architect —
XMI)

Expand to EAin 2014 —
prior work shows
challenges with EA; need
more vendor engagement

ReqlF)



%PDES; Inc.® 20013 Resulis to Dziie

m Limited Funding and Resources Allowed Small

Amount of Testing in Q3/Q4 2013

— PDES, SAVI, and independent participation

— Majority of effort in setting up environment and test cases
— Results are very preliminary

— Simple public test cases:
» Training example from DOORS
» Set of 10 requirements with tracing and doc relationships using
Eurostep Excel template

m \Word / Excel

— Most tools do a good job of exchanging raw text, but sometimes
paragraphs become requirements, loss of subtyping can happen

— Users need to take care not to break templates

— Change Management and graphics/attachments problematic if not
setup well; loss of attachments in some translations regardless

© PDES, Inc. 2013




%PDES, Inc.® 2018 Resulis o De

e (continusel)

m ReqlF

— Supported by several tools, but no CM / versioning in systems tested
— Worked reasonably well into Share-A-space — no exporter yet
— Supported by DOORS, TcSE, and other RM tools

— Need to be careful when exchanging partial data sets with earlier
versions of DOORS

m AP233

— TcSE 8, 9, 10 use a very early version of AP233 that is not compliant
with PLCSel or e2. Needs investigation to see how difficult it would
be to map or convert

— TcSE AP233 worked well between versions (forward and backward)
and instances during limited testing; some use for migrations found

— Update coming from Eurostep in early 2014 will enable better testing
with other tools

© PDES, Inc. 2013



DOORS, Excel
Share-A-space ™
SysML, AADL
SolidWorks, NX

THE TOOLS AND LANGUAGES




DOORS Ree|lF 9.9 Irnoori

10 Snzre-A-Sozce 7.7

e User: John.Russel @honeywel.com (Honeywel) Id Context: Honeywel, Honeywell P& ]

(-\_Q Requirement Version I Versions I Identifiers I Classifications I Used In I'I'lme Raoles I Properties I Traced b; ﬁ
=

_134_b4708631-29f8-4ea9-9f08-b8da6fad233f ? %
* id Name Value I} Start Date Role Application Context %
‘7 |ReqlF ForeigniD ReqIF.ForeigniD 134 12/12/2013 1:22:13 PM Actual [/IGNORE/ /IGNORE] /IGNORE @
7 ReqlF.ForeignCreatedThru ReqlF.ForeignCreatedThru Manual Input 12/12/2013 1:22:13 PM Actual [/ICNCRE} /ICNCRE] JIGNORE
The car shall be assembled from
7 ReqlF. Text ReqlF.Text modules by 1 person in 1 working 12/12/2013 1:22:13 PM Actual [/ICNCRE/ /ICNORE] JICNORE
day.
< i 2
neyun emeny L
2 2 £ % g 92l EdeE S g 207 288 24 RFEANTE
(5} o [=2] [+=] =t - o) ™~ [==] o o™ fal =~ [ as fal s 5] o = [l = i} o 2] =] — (s} - = oo o = W
5o w F Y9 B 32~ ¥ 5 F 2eheeneoa 9 a5 40k 2 0 32 0 R 2 52358 ar
[} sl - o o o (&) =] uw T L Ig} - =] ™ == (=] (T3] o o ™~ = a M = == fras - Lr=] =] o o [ — ™ — (2] [}
| O L5} | | | | | | | | | | | | | 1 I o ] <} oo T Y a = a = L= T = N o R = T 4
- | | o LB S I 2 S~ N 1 ; B = N o =« B = N e Y Y o B o | | | | I o | | | — | o | I - | | I |
ol 3] [T 3] [ ] [ ] [ N T % % % N 51 u o -~ o il =T w0 | i~ - ] =T | nn w o~ o O
HI HI HI HI HI HI HI HI HI HI HI HI HI HI HI HI HI 1-|I HI HI HI 1-|I HI NI f\ll l'\ll l'\ll f")l '(TI VI LDI lDI COI COI COI COI COI o
DHBRBHEBRBEERBEEBEEHOEHOHEBEEB B EEHEEBEEE B EEBEEREEHD
"% 12 d3cic3.. Verif. - =
e || Details ‘ i
{7} 125 7s28a.. Indic.. {= . . )
o — =T T= = ~~ 1 Tracing Relationship
Bl {f _130_co84f.. Syste.. < < < T SN 4
B {4 _131_cc2c0.. Relia.. = ~ 0]
i3 132 c8814.. L] .{ S| .
B {4 _133_cSb12. Modu.. {= ~
a | I I I I I I 1 I Start-date 2013-12-12
% _134_b4708... 5
G 134 S — I - I ] ' I End-date o
B % _135_5f656.. Failur.. | = .
B 1 ! ! ! ! ! ! 1 1 1 1 1 Parent i _135_5f6561b1-abb3-4749-9b2f-edesB84d5f686 Failure modes /IGNORE
3 _136_47221.. ey
L 136 A I [ A (N IS A A ..|< | Child i _136_47221792-b7al-45c1-a455-134bf67d821f JIGNORE
9 137 ecsar Rl .||< NN .‘E‘ — | - |
3 _138_506fa.. =
3 _133_dad7c.. =
< J L
| Matrix: Tracing Relationship -

© PDES, Inc. 2013



.. POC Cornozrisorn Too

Comparison Viewer by Eurostep - View: Requirement/Criticality

Medium DOORS impart V007 Functional
»,
Regh
O w001 O 5:?
Signal rerouting ety
rive Controler - Rev 001 Warp Drive Contraller -
= - Reg3.2
Disengage-during Warp Drive operatioh00 1= Functional
Low
Regd
= O w001 O Feqd' |
Jefferies Tube Interface unctianal
Regé
o 2510 5at
Sefety Ovem de Function ety
Reg?
O () =4 . .
Thermél operating range w001 Systems Engineering
Reg3.2
- O o
Cisengage during ION propulsicn ety
\ High Rea®

)
MTBF requirements

T

Requirements Impao:

O
ineering support

Req2.1

w001 O Systems Engineering

RegZ

a0t O Functicnal
ReqZ

w001 O Functional

Reg1
w001 O Systems Engineering

differances. in requirements varsions I

Medium

Low

A\ High

Warp Master Control
O

MTBF req uirements

Reguirements Import

O
System Engineering support

Req2.1
DOOF{imppﬂ; via1 O Functional
Regh
O O
Signal rerouting vO0 1= Safety
O e
Disengage during Warp Drive DpEEﬁDYIOD1 Functicnzl
O O ReqgB
Jefferies Tube Interfsce v001 Functional
® Reg4
L
Safety Cveride Functicn V001~ Safety
o Reqa.2
Disengage-during ION propulsign V002~ Safety
O ® Reg?
Fhermal operating range v00 1~ Systems Engineerir
A Req2.1
[ um Warp Speed w001 Safety
Z Reqa.0
~ o0 Safety

Reqgf
w001 O Systems Engineerir

Req2
w001 O Functional

Reg1
w001 O Systems Engineerir

General Need for Comparisons of Versions — POC Discussion Topics

*What are the use cases?

*What input formats should be supported?

*How will this approach fit for large datasets? — human factors will be a major consideration

*Are there better approaches?

ReqlD/Requirement
Name/Criticality

Requirement Name/ReglD
Line/Reguirement Mame
ReqlD/Requirement Name/Version
Traced From/Source
Document/Requirement Name
Requirement - sorted by name
Requirement/Criticality

Line: 9

name: Signal rerouting

Version: v001

ReqglD: Reqgb

ParentlD: 0

Description: The solution

shall provide easy physical

and logical access to

anyone named Scotty to

reroute output signals to be

used for or controlled by

other ship functions

Criticality: Medium

Release: undefined

TracedFrom:

SourceDocument: Script

Guidelines

Type: Safety

© PDES, Inc. 2013
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AEROSPACE VEHICI.E
SYSTEMS INST

TEXAS AGM ENGINEERING :xpmumr STATION

Type *
Identifier
Name

Wersion ldentifier

Value
whbs_assembly_single_channel

whs_assembly_single_channel

whbs_assembly_single_channel, , wbhs_assembly_single_channel

Context
SAVI
SAVI
SAVI

Identifier
o

wbs_assembly_single_channel

Version Name

Description Quantity Start Date End Date Role Identifier

whs_assembly_single_channel ‘ ‘ ‘ |

Version Description Application Context

=@ 1093

=3 1094

=@ 1095

=3 1096

=@ 1097

=3 1098

== 1099

=& 1100

== 1101

=3 1102

2013-12- =
04 Actual ﬁ mirrorbrakeline 2
14:05:18 )

2013-12- e

04 Aclualﬂbrakeline 2
14:05:19 ’

2013-12- ..

04 Actual [ mirrorbrakeline
14:05:19 )

2013-12- =

04 Actual :{:;'35 brakeline
14:05:1%9

2013-12- -g} mirrorsensor

04 Actualwire 1o meter valve
14:05:19 outboard

2013-12- £ mirrorsensor

04 Actual|\wire to hyd sensor
14:05:1% outboard

2013-12-
= Aclualtz:}sensorwwew

14:05:1%

2013-12-

04 Actual
14:05:1%

2013-12- e mirrorsensor
04 Actuallwire to hyd sensor
14:05:19 inboard
2013-12-

04 Actual }
14:05:1%9

2013-12-

-«;‘;gsensor wire to
hyd sensor outboard

a}sensor wire to
hyd sensor inboard

{23 mirrorsensor
04 Actual wire to meter valve

14:05:1%
2013-12-

inboard

mirrorbrakeline 2

brakeline 2

mirrorbrakeline

brakeline

mirrorsensor wire to
meter valve
outboard

mirrorsensor wire to
hyd sensor outboard

sensor wire to meter

meter valve outboard [valve outboard

sensor wire o hyd
sensor outboard

mirrorsensor wire to
hyd sensor inboard

sensor wire to hyd
sensor inboard

mirrorsensor wire to
meter valve inboard

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann




s | AVSI

AEROSPACE VEHICI.E
SYSTEMS INST

TEXAS AGM ENGINEERING :xpmumr STATION

e User: savi.user@savi.com (WORLD) Id Context: WORLD, World Q; =

_9Q2zcE-pEeDiQIMVbeU-0Og
Owner SAVT (SAVT)

Creation date 2013-12-04 13:11:06

Breakdown Element Version l Versions | Actors I Identifiers | Uses I In Breakdowns

Identifier

B P _9Q22cE-pEeQiQiMVbel-
Cg

m
oh

<
<
<
<
<
<
<
<
<
<
<

o

Version Name Description Quantity Start Date

2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:.01
2013-12-04
14:11:.01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:.01
2013-12-04
14:11:.01
2013-12-04
14:11:01

End Date Role Identifier

Actual i _95M3E-pEe0iQIMVbel-Og
Actual ﬁ _98)zBE-pEeQiQIMVbeU-0Og
Actual ﬁ _S95NeUU-pEeQiQIMybel-0g
Actual { -95Qnok-pEeOiQIMybeU-0g
Actual { -950FYk-pEeDiQIMVbeU-Og
Actual { 950sck-pEeOIQIMYbeU-Og
Actual m _9SKbEBE-pEeCiQIMVbel-Og
Actual i 95M3Qk-pEeOiGIMVbeU-Og
Actual ﬁ _S95KbAE-pEeQiQIMYbell-Og
Actual ﬁ _SSLCEC-pE=CiQIMYbel-Og
Actual ﬁ _S95Lpl0-pEeCiQIMVDeU-Cg
Actual { -95QnpE-pELDIQIMYbeU-Og
Actual { 95594k-pEeOIQIMYbeU-Og
Actual {Ji} -95TkEU-pEediQIMVbel-Og
Actual i -95dVBk-pEeDIQIMVbel-Og
Actual i} -95cudk-pEe0iQIMVbel-Og
Actual ﬁ _95WoRE-pEeCiQIMVbeU-0g

Actual i _95Ydck-pEe0iQIMVbel-Og

© AVSI

Version Description Application Context A

rightMLG

ext_hryd_bus_blue
green_isolation_valve
accumulator
blue_isolation_valve
selector_valve
int_hyd_bus_green
int_tyd_selected_alt
ext_hyd_bus_green
int_hyd_bus_blue

acc_seg

leg_subassembly
inboard_meter_valve
hyd_valve_assembly
int_hyd_norm_meter_actuator
int_hyd_nor_meter_manual
inboard_manual_meter_valve

outboard_manual_meter_valve



Ees | AVSI

AEROSPACE VEHICLE
YSTEMS INSTITUTE

mo\s A&M ENGINEERING EXPERIMENT STATION

Requirements imported from Excel

A% http://savi.share-a-space.com/Share-A-space/browse/BxternalWindow?externalTargetAction=TreeTable/Initl egacyBiselected Objectld= abf7 d743-9f93-4192-862b-4064637bfda9_31138ParamNames=[0]=EXTERNALROUTEBParamValues= |

Identifier Version Name Description Quantity Start Date

B 2 VOOl Aircraft Level Ajrcraft Level
6110-0 Functions Functions

g =a 2013-12-05
= 00:00:00
2013-12-05
s 00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00

2013-12-05
00:00:00

2013-12-05
00:00:00

2013-12-05
00:00:00

2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00

b

d

d

dh

dt

dh

[
Al alalal sl

dh

End Date Role

Actual

Actual

Actual :,

Actual :,

Actual E

Actual

EllD 0.8.1.1.4

e

Actual &

EllD 08111

o

Actual -

EllD 0.8.11.3

e

Actual

EllD 0.8.115

Actual

Actual

Actual
Actual :,

Actual :,

I
Actual

Actual

Identifier

$6110-0.8
$6110-0.82
16110-0.8.3

i6110-0.8.1

)

2
-
=
-

T

5110—0.8.1_1.2

16110-0.1
}6110-0.2
16110-0.2.2

16110-0.2.5

Actual| 1 6110-0.2.4

16110-0.2.3

Actual | 6110-0.2.1

Actual |} 6110-0.3

Actual |} 6110-0.3.2

16110-031

Name

Provide Control on the Ground
Control Direction
Landing Gear Extension & Retraction

Control Speed

‘5119 0811 Decelerate aircraft on the ground (stopping

on the runway)

Remowve Forward Thrust

Provide Primary Stopping Force

-

-i

Version Description Application Contex

D01 Provide Control on the Ground
w001 Control Direction
w01 Landing Gear Extension & Retraction

w01 Control Speed

Decelerate aircraft on the ground {stopping

voo1 on the runway)

w01 Remove Forward Thrust

w001 Provide Primary Stopping Force

Decrease Lift/ Create Drag/ Enhance Braking VOO1 Decrease Lift/ Create Drag/ Enhance Braking

Effectiveness

Transfer Stopping Forces to Structural

Integrity Components ({i.e. Landing Cear)

Provide Secondary Stopping Force
Provide Structural Integrity

Provide Stability & Control

Control Roll

Automatic Flight Contrel & Cuidance
Flight Control Augmentation
Control Yaw

Control Pitch

Provide Control of Energy

Control Lift & Drag

Control Thrust

Effectiveness

Transfer Stopping Forces to Structural

voo1 Integrity Components (i.e. Landing Gear)

w01 Provide Secondary Stopping Force

w001 Prowvide Structural Integrity

w001 Provide Stability & Control

v001  |Control Roll

w01 Automatic Flight Control & Cuidance
w001 Flight Control Augmentation

w001  |Control Yaw

w001 | Control Pitch

w01 Provide Control of Energy

w01 Control Lift & Drag

voo1 Control Thrust



s | AVSI

AEROSPACE VEHICLE
SYSTEMS INST

TEXAS AGM ENGINEERING :xpmmmr STATION

(“ SI3 9 User: savi.user@savi.com (WORLD) Id Context: WORLD, World FL? ]
= )

_3 Reguirement Version l Versions | Identifiers I Traced by |
=

518-BSCU-R-0001, w001, The BSCU shall be designed to Functional Development Assurance Level A based on the catastrophic classification of "Inadvertent braking due to BSCU".

Description  The BSCU shall be designed to Functional Development Assurance Level A based on the catastrophic classification of "Inadvertent braking due to BSCU",
Oowner SAVI (SAVI)
Creation date 2013-12-05 11:52:24

O &0&)F

= = = = = = = = = = = &
I T S S S S ST ST S N o L
[xi] o [xu] o o [xi] o o o o i} I
= £ = £ 2 2 =2 =2 = = =
o t e ©® © o v \ B m o
— — — — — — — — — — —
Liy) w W w w Liy) wl L)) w w m
HBEEEBRBEHEBEEEE
'm 518-BSCU-.. w001 The.. {=
i} 518-BSCU-.. w001 The.. {=
Ag 518-BSCU-.. w001 The. {=
{ i 518-BSCU-.. w001 The... {=
. i v001 No... {=
@ -
E 2 518-BSCU-.. w001 BSCU...
@ =y
5 1518-BSCU-.. w001 BSCU..
=2 -
g [ i _{518-BSCU-. w001 BSCU.. (=
{ i 518-BSCU-.. w001 BSCU... {=
V001 BSCU... {=
w001 Each... =<
v001 Each... {=
w001 Each...
w001 Each...
v001 The.. =
-
Matrix: Tracing Relationship -
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“This Ain’t Your CAD Model Data Exchange”

THE CONCLUSIONS

ks | AVSI
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%” DES, Inc.” Key Takeaways

m Systems Engineering use cases expose a new
layer of complex interoperability requirements
— Multi-domain
— Subsets of shared properties data exchange

— Relationships (not exchange) of dissimilar properties
» Consistency
» Traceability
» Dependency
» Association

m Not a “zero sum game” for tool providers
— Interoperability is the opportunity to participate

© PDES, Inc. 2013
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AEROSPACE VEHICLE
SYSTEMS |NST|TUTE
TEXAS AGM ENGINEE STATION

I\/Iodel Repository/Data Exchange Layer

Leverage Most Important Requirements 0}
e Architecture models  Protect IP
» Existing tools * Process Neutral
e Existing IT systems * IT Independent
« Existing repositories e Standards Based
e Clear Ownership
* Auditable

e Secure Access
 Flexible Content

. e
—yTTE o e

SAVI MR/DEL i e

Standards: PLCS/DEX, STEP, ReqlF, XMI, OSLC, Eclipse - --1!-_«;—"‘= .'3:
=== L ==

Proprietary: Intentional SW, The Mathworks

PDM/PLM

TeamCenter,
Enovia,
Windchill

Eurostep Share-A-space®
© AVSI 33


http://www.plcs.org/plcslib/plcslib/data/PLCS/concept_model/Class_Diagram__PLCSConceptModel__Top-level_concepts.html

Technical Data Package
It's All About the Data

CONCLUSION




o Systems Engineering Model Set
— High complexity
— Cross domain
— Linking subsets of model properties

o Standards based
— Process and tool independent
— Protect Intellectual Property

e PDES & SAVI research and demonstrations
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CE VEHICLE
SYSTEMS INSTITUTE *

THRET M b e, 8 S T AT

PDES Systems Engineering Workshop

 March 10, 2014
e Gaithersburg

e Candidate Topics
— Interoperability demonstration results: PDES, SAVI
— Web services demonstration results
— Business case for users and solution providers
— Walkthrough data interoperability process
— M0oSSEC
— Link between systems engineering and system simulation
— Other industry efforts

e All are welcome
 Provide contact information to receive an invitation
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Contacts
John Russell, Don Ward,
Honeywell AVSI
john.russell@honeywell.com savipgm@agmail.com
Greg Pollari, Dave Redman,
Rockwell Collins AVSI

gmpollar@rockwellcollins.com dredman@tamu.edu


mailto:john.russell@honeywell.com
mailto:savipgm@gmail.com
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tg PDES, Inc.® Next Sieos

Prepare results for INCOSE discussions
Coordinate with vendors
Integrate SAVI use and test cases

Install and Test Eurostep AP239 el&e?2
Import / export functions in 2014

m Develop smaller, more targeted test cases
with diagrams and hardware references

m Test larger datasets with more tools

m Coordinate industry XMl test cases

m Expand white paper on TDP use &
Interoperability in Systems Engineering

m Seek funding for more complete project

© PDES, Inc. 2013



- Progossd Demonsiration —

b e PHESEN!

g By

Tier 1 Tier 2 Tier 3

REQUIREMENTS
«CM / PLM: export / import; status, ORG 1

version, effectivity c
-Safety / hazard, Requirements

ORG 3

«Locking (?) — investigation Management System Requirements
«Linking Requirements with Different (DOORS - Req(IF) Management System
Names

(PTC - ReqlF)

- Requirement with 2 names
*Grouping of requirements (both

INDEPENDENT VERIFICATION

scenarios) _ ; *Metadata on verification
eIssue tracking (observation — «Artifacts
AP233/239) «Electrical, Mechanical, Software

ORG 3
SysML Tool

«Certification Metadata
*Separation of OEM and
PRIME derivative requirement data
Requirements (Magic Draw — XMI)
Management System

(AP233)

ORG 2

REGULATOR R i ORG 4
o=2ea R eguirements . .

-How could they use this? q Simulation

-Is there a report we could produce? Management System (Open Modelica — FMI)
- Military / Civilian Airworthiness (TCSE - AP233 / Req|IF)

considerations?

© PDES, Inc. 2013
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