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Who are we?

* Greg Pollari (Rockwell Collins)
— Principal Systems & Process Engineer
— 30 years In product design and leadership roles
— SAVI PMC (Project Management Committee) chair

* Nigel Shaw (Eurostep)
— Managing Director for Eurostep in UK
— SAVI Technology Vendor Partner and subcontractor
— 30 years standards involvement
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SAVI — The consortium
 Two examples

« Conclusions

Looking forward
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Many systems integrated into one aircraft
« System complexity increasing

Shared resources
Complex interfaces

Req / design
errors

AEROLYNAMICS
GReUP
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The impact of requirement/design errors is documented

High-level Design System Integration
RFP Response Checks
High-level Req’s Target
Reqg’s in PDR Changes CDR Completion
RF ‘1’
ign Sys Deyelopment

70% errors

10% errors
3.5% detected
1x cost

80% detected
16-100x cost

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 Implementation,
Pearson/Addison-Wesley (2004)
B.W. Boehm, Software Engineering Economics, Prentice Hall (1981)
INCOSE Systems Engineering Handbook, Version 3.2.2,20111

SCHEDULE

i DELAY
Slide source: D. Redman, GPDIS 2015
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SAVI Approach

« “System Architecture Virtual Integration”

* Leverage MBSE best practices and tools

— SAVI developed with exemplar toolset — seek to define tool characteristics,
but not specific tool selection

* Reduce costs/development time through early and continuous
model-based virtual integration
— Inter-domain and inter-model consistency checks
— Protect Intellectual Property (I1P)

— Support definition/capture of incremental evidence for system safety
analysis — supporting certification approach

— Consistency checking of constituent models participating in integration Is
critical element of the SAVI concept

10 November 2016 © 2016 AVSI 6
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SAVI Virtual Integration “V”ision

e

Validateo

Sensitivity analysis for

Requirements Verinic():ZIi_:rY (Ietlems
Engineering

Acceptance
Test

I High-level —
?)yesign Keeping the SYrest ’
system
continuously
integrated!

Hardware Software
Architectural Architectural
Design Design

Agﬁti/'lleg T ‘ Integration SW iInt.  HW Int.
2o \g Test Test Test

Component Component
Hardware Software
Design Design

Specify Model-
Code Interfaces

Software Hardware
Unit Test Unit Test

Hardware <« updating models with actual data

Development

[ — generation of test cases J

Slide source: D. Redman, GPDIS 2015

Software
Development
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SAVI Participants

o Rockwell @
Full Members Liaison Members Collins
 Airbus * FAA 4 Honeywell
. Boeing . NASA Sukemsky of
* DoD » SEI —
« Embraer —5&= Software Engineering Institute
» GE Aviation
« Honeywell SAVI
« Rockwell Collins @) AIRBUS e Arectur Tt inteorater
» Sikorsky

EITEIN S
Tool Vendor Partners @

« Adventium Labs
» Ansys (Esterel Technologies)
» Eurostep Limited Adventium®

ANSYS BN
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Two example challenges

* The specific case: to test * The generic case: to compare
consistency for a printed circuit models of the same or related
card assembly systems in different languages

13 separate sources

Geometry: AABE

« MCAD

« ECAD

* Excel — Connectors

Logical

* Excel — Signals

. The Sliding Mass VL

SIMULINK Example System HOpDELILA
Simulink® Modelica

Both cases fit within a single Model Repository and Data Exchange/Sharing capability
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Root cause of the
problem: different

« Users & Enterprises
« Languages & Tools
« Conventions

« Values

Extract content
into a
common view

Conventions

Users |Languages
| | |
Subiject | Models Data
—>  Modelling :
—y  EXtraction
Tools Tools Developer

10 November 2016

Foundation process

Manage model Process Present
meta data and extracted data extracted data
extracted and apply and check
content checks results
Model Selection R lToIerances
& Grouping ules Users
l Model . 1 Issues
Discovery
Mod_el M» & —  Presentation ——— OF
Repository = :
rocessing Approva|
Tools Developer  Tools
© 2016 AVSI 10
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Conventions
| Users Languages Model Selection Rul Tolerances
ata Extraction | v
Models Model { * |
Subject Data Model Discover Ssues
> : > Gloups.y y & » ) <
R 5 Extraction Repository Processing - Pr on Ap;rov(‘;
Tools Tools Developer Tools Developer Tools

- L ! - - L]
bdd [Package] Hodel0lodels [ Model0fliodels 1] «blocks
i i role, walueTypes
0.1"| Equivalence SetRelationshipRole

Contents ModelOfModelsimpl «valueTypes types id: ldentifier (0.1]

Possibleto adda fsblucke
justification for this 0fThings, memberOf
[ ] [ ] assertion 1 i “55’.].5 ; 4]_
2 : Wdentifier [1.
ﬁ:gﬁlfeeman activity, or = blocks name : Name [0..1] ablocks
=4 actors : Actor [0..7] i
~ SemeAs dates : DateTime [0..4] Membership
N paris parts
g, actors : Actor [0..4] values _ _qactors: Actor [0.7]
~ _ _ |dates:DateTime [0.] ription : Des #.4H — dates : DateTime [0..7]
[N

Ebcs member confidence : Real [1]
equivalentObject Object [1

modelledObject

- Generic case — extract into the === e

/ I [ 1 ‘
[ j «blocks modelleditem «blocks «blocks types «valueTypes
ablocks ablocks 7 Modelitem ModelledObjectCollection 0.1 | ModelledObjectCollectionType

“ ’, «Auxiiary» ModelValue ! & parts
l I I O e O I I l O e S MappedObject . ids  identifier [1.7] ids - entifier [1]
SR sl pes|  evaeTypes 1 waieTypes PSS (U Orpenizaton 1] Seacaptons Deaaretor 0.1 ——y
oo il G, I R R . e - e R
modelValue «blocks modelleditem ablocks «blocks types T
«blocks ” ModelltemhasModelValues 1 Modelltem ModelledObjectCollection 0..1 |ModelledObjectCollectionType
ModelValue parts parts
parts ids : ldentifier [1‘..‘} ids : ldentifier [1]
id : ldentifier [1] types |name : Name [0..1] names : Name [0..7]
name : Name [1] types wvalueTypes valueTypes = owner : Organization [1] descriptions : Descriptor [0..%] =
values : Value [1..1] — ModelValueType ModelltemType = actors : Actor [0..%] actors : Actor [0..7] \
actors ; Actor [0..%] 0.. dates : DateTime [0..%] dates : DateTime [0..%] Logical/PhysicalFunctional
dates : DateTime [0..%] R associations
valuss description : DescriptionString [0..1] G
description : DescriptionString [0..1] v 4
7
e
v i
«block» gontent «block» «valueTypes»
medelleditem | ExtractedObject Eé'lgtin g ModelltemAssociation role ModelltemAssociationRole
1 01 DependsOn
related " |lsDerivedFrom
1 modelledttem Sunaedty

nl=
10 November 2016 © 2016 AVSI 11
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Model of Models

bad [Package] ModelDTHodels [ Wodel0 Models ]J P Scks
- Equi SetRelati - role [ wvalusTypen
0.1 | Equivalence SetRelationshipRole
Contents ModelOfModelsimpl uvalueTypes types id : Identifier [0..1]
EquivalenceType 0.- names : Name [0..%]
g 'descriptions : Descriptor [0..%] .
aclors - Actor [0_7] I f t b t
relating | irelated |1 dates : DateTime (0.7 n 0 rl I la IO n a. 0 U

Possible to add a ablockn .

\justification for this 0fThings, Equivalence Set memberQFf eq u I Va.l e n C e b etW ee n

assertion 1 parts

1
Could be an activity, or - block f;mfe,ﬂ';‘f#i'[g :{ block: h i f . h
-~ ablockn ablockn
Modelltem = - G actors : Actor [0.7] Membership t I n g S O U n d I n t e
dates : DateTime [0.7]
~ e [
actors : Actor [0.7] actors - Actor [0.7]
. — _ |dates: DateTime [0.7] description : DescriptionSteg 8.1 — — “Yustes - DateTime [0.7 I I Iod el S
e member confidence : Real [1]

The SAS PLCS/203 objects that are equivalentObject Object |1
automatically consolidated via a mapper 1 modelledObject

T T ®
rﬂ I modeValue wblocks | modelleditem ablockn ablockn types wvalueTypen
ablocks eblocks 1 alues | 3 Modelitermn ObjectCollection 0.1 ObjectCollectionType
whuxiiarys ModelValue i »
MappedObject s ids : Identifier [1 ids : Identifier [1]
ditern |1 id - Identifier [1] types [name : Name [0.1] names : Name [0.%]
mappeditem name - Name [1] bypes avalueTypen wvalueTypes fe——= owner : Organization [1] descriptions : Descriptor [0.%]
values - Value [1.7] = ModelValueType ModelitemType |0 actors : Actor [0..7] actors : Actor [0..7]
actors : Actor [0.7] 0. dates - DateTime [0.7] dates : DateTime [0..7] LogicalPhysicalFunctional .
dates : DateTime [0..%] associations I f t b t
description : DescriptionString [0..1] n O r I I l a I O n a 0 u
description : DescriptionString [0..1] -
P - -
- - things found in the
«blocks content «blocks avalueTypes
mocetesten | ExtractedObject [l ModelitemAssaciation roie | ModelitemAssaciationRole mo d el S
9 o DependsOn
related IsDerivedFrom
ContainedB:
1 modelleditem e
ol
R zblocks
DerivedFromModel g
P! By
model |1 model |1
model wblocks
1 Model
T relating " avalueType:
: 4 ey PES, ModelType
ModelAs sociation 1 id : Identifier [1] o bl
related |name : Name [1] -* | MCADModel
wversion - Identifier [0..1] ECADMode!
1 owner : Organization [1]
role Iu 1 :Ciﬂfs '[;’\tﬁtgrr [0 [’3 ; f -
ates : DateTime
o= Information about
ModelAssociationRole

R each model

«blocks
File

ids : identifier [1..%]
names : Name [1..%]

10 November 2016 © 2016 AVSI 12




TEEE

M
M . Data M i & . X
Extraction Repository Processing =
|

Tool Tools Developer Tools Developer Tools

« SAVI have created a specificatio; for a
“Model Repository and Data Extraction Layer”

« Key Issues are:

— Enabling access to extracted data while controlling access to the source
models

— Allowing for cross enterprise sharing of models

« As an exemplar Eurostep has used ShareAspace to provide this
functionality

10 November 2016 © 2016 AVSI 13
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 The major challenge In this process was to be sure how the

M M
: Data M . . o
Extraction i ' : '

Tools  Developer Tools  Developer Tools

* |n the specific case we can brmg together data extracted from all

13 source files to create a virtual integration that supports testin
geometric and logical consistency

— Do pads and connector positions match?
— Are the circuit board shapes consistent across ECAD and MCAD?

— Are the signals on the boards consistent with the interconnect tables and
do they match between boards?

different geometric spaces relate — across MCAD, ECAD and
connector definitions
— STEP standard exports used to enable the ECAD/MCAD comparison

10 November 2016 © 2016 AVSI 14
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Conventions
u u Users Languages Model Selection Rul Tolerances
irtual Integration Pl = 7
Models ;
Subject : Data _— Issues
r— Modelling Extraction — Repository Approv:

1 1 1 f

Tools Tools Developer Tools Developer Tools

Views Interact

=2 g 9o |
Pad Front  Pad Side Pad Top P2:12 J3:P3
View View View

4 & | Assembly : 827-9599-850 -

=
=
2

4wl | | Board: 827-9999-954
W | ECAD:627-9999-954

W | MCAD: 8279999 8555

=
=
&

Length (inches)

v .. Package Wright : 372-7620-020

Board : 827-9999-956

.| ECAD : 827.9999.955 010
., MCAD : 827-9995.957-5

| Package Wright : 372-7550-150

KK KR E

. Package Wright : 372-7619-020
Board : §27-9999-958
., ECAD : 827-9999-958 0.20

.,/ MCAD : 827-9999-959-5

RN RE

., Package Wright : 372-0343-000

0.30]
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-
-

Conventions

Users Languages Model Selection Rul Tolerances
l & Grouplng ules Users

Virtual Integration
g . Models Model |
Subject , Data Model >
—l Loceling Extraction Repository
T T Approval

Tools Tools Developer Tools Developer T00|S

S-A-V-

*

1 |

L Tree view of
T extracted data

* sets
allowing sources
to be shown or

hidden

DDD
4 W . Board: 827-9399-954

W | ECAD: 827-9999-954

Length (inches)

W | MCAD: 8279999 8555

=
=
&

v wd Package Wright : 372-7620-020
4 & | Board: 8279999 856
W . ECAD: 827-0999-956 0.1
W | MCAD:827.9999.857-5
W | Package Wright : 372-7550-150
W | Package Wright : 372.7619.020
4 ! || Board: 827-9999-958
W | ECAD:827-9999-958 0.20

W . MCAD: 827-0999-950.5

W | Package Wright : 372-0343.090

Geometric view
with all data
imported into

| | | | | | the MCAD

| | | | | | assembly space

10 November 2016 © 2016 AVSI 16
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Conventions

| Users Languages Model Selection Rul Tolerances
OoNnsSIsStiency tests I v
X Models Model ‘ * |
SUb]eCt . Data Model Discovery & q Sfues
— Modelling 5 Extraction — Repository m Processing -> B N » or
Approval
Tools Tools Developer Tools Developer Tools

Views Interact

1

H 5 O 7 Q4
Show pads Reset View Wireframl Check pogle Pads Key
with signals Overlap

4 W Assembly : 827-8989-850

4 W Boeard : 827-9999-954 0.00

W ECAD : 827-9999-954

Length (inches)

v MCAD : 827-9999-955-3 0.05

W Package Wright : 372-7620-020

4 Boeard : 827-9999-956

O O O Q1: How well do
the MCAD and

ECAD boards
match up?”

- ECAD : 827-9995-656 0.10

4 MCAD : 827-9999-957-3

comparing points between MCAD and ECAD profiles on the same
board

checking board : MCAD : 827-9999-957-S _ : _
checking board: ECAD : 827-9999-956 ' Q
Both the MCAD & ECAD are the same sized shape - K

checking board : MCAD : 827-9999-959-S
checking board: ECAD : 827-9999-958
Both the MCAD & ECAD are the same sized shape \_/

checking board : MCAD : 827-9999-955-S

checking board: ECAD : 827-9999-954

Both the MCAD & ECAD are the same shape but different sizes
Total difference in X : 0

- Total difference in Y : 0.0010000000000012221

10 November 2016 © 2016 AVSI 17
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Conventions

Tolerances

Consistency tests 2 7 l
Subject Model ; l ¥ Issues
—_— MIEREIE Exacion =P revesnery | =M DRSS > T Apgrovcz:
Developer Tools
Signals not
B ¥ O 7S
Show pads Reset View Wireframe Check  Toggle Pads Key -
with signals Overlap t t
4 | Assembly : 827-9898-950 ConSIS en
: . Q2: How well
Slgnals acrOSS \%: A36 A35 A34 A33 A32 A31 A30
do connectors

boards and assssmmmmny |

Publish/Subscribe
table match

v MCAD : 827-5995-958-5

align?
A34 A33 A32 A31 A30

® e 03 Are the
+ +

+ + + + 4 consistent?

Close position of Mating

Markers shows
>__+L| _+:.| _+:_| _+:-| '+:'I —+:-| © &1l 4 signals are the same

allgnment In plane Of bOard I"’/ ! @ There are some signals missing
There are no signals
70

Hole posmonlng comlng -
from MCAD

O Some signals are different
B35 B34 B33 B32 DPad pair not overlapping
m F E = = Selected Pad pair
# + + + # apor
# Package Wright : Seating
* Package Wright : Mating

I || M — | | | I n I | | N |
17T 178 179 180 18T 182 183 184 185 18s 187 188 168 1en 181 192 1.83 184 195 186 197 198 189 200 201 202 203

| L
204
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Mode
M i & .
Repository Processing
Tools |

Developer Developer Tools

 In the generic case, need to identify where ° thlngs should be
consistent, then test if they are consistent

* Have all models in a single form, i.e. the “model of models”

* Enables yeSs
— Application of a rule engine to find equivalences

— The user to identify equivalences and
look for consistency
 Edit results from the rule engine
* |dentify patterns that should match across models

— Apply rules to determine consistency A, AT
Simulink® Modelica

« Use fuzzy comparison due to differences in names and conventions

10 November 2016 © 2016 AVSI 19
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Conventions

Model of Models viewer | | —

Subject

— Modelling

1

Tools

o T =
o [ =7 o i I I = R
Clear Reset View Spread Out Eguiv Sets LineWidth Colourlinks  Colour
in same Legend

model
running time:0min

fac  AaDLinstance
fac o sysmL
fac  piodelicaFlat
MUl o Simulink
© EquivalenceSets
© ModelledObjectCollections
O Modelltems
O ModelValues

\\\ ) 7
0 &
/, >
O
) {
O
(T

10 November 2016
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Model Selection Rul Tolerances
& Grouping uies 1 Users
Models Model Issues
Data Model Groups > Discovery & o
Extraction —> Repository Blocessind " " Approv:

T 1 rt

Tools Developer Tools Developer Tools

File Views Interact

Rule set applied to identify
matching names across the
four models

20



AEROSPACE VEHICLE
SYSTEMS INSTITUTE

TEXAS ARM ENGIMEERING EXPERIMEMT STATION

EE?‘AVSI

Model of Models viewer | | —

o VG |
D l T (% D
Clear Reset View Spread Out Equiv Sets

in same
model

running time:0min
fac . AADLinstance
fac & sysmL
ModelicaFlat
Simulink
O EquivalenceSets
O ModelledObjectCollections
O Modelltems
O ModelValues

rule

10 November 2016

LineWidth Colour links

O

Colour
Legend

Conventions
Model Selection Rul Tolerances

& Grouping uies l Users

Subject Models Model Issues
. Data Model Groups, . Discovery & »
—— Modelling Extraction = Repository Processing - Pr >
Approval
Tools Tools Developer Tools Developer Tools
File Views Interact

Pick one proposed set to examine
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Conventions

Model of Models viewer | | —

Subject Models

ubjec

S p Wodeliing 5
Tools

o | f& © 0O | = v O

Clear Reset View Spread Out Equiv Sets LineWidth Colour links  Colour
in same Legend
model

running time:Omin

fac . AADLinstance
fac & sysmL
fac " ModelicaFlat
Uy Simulink
O EquivalenceSets
O ModelledObjectCollections
O Modelltems
©O ModelValues

=
Show Neighbours of this node
Show 2 levels of Neighbours of this node
Clear All Selection

10 November 2016 © 2016 AVSI

Tools

Model Selection

& Grouping
Data > Model
Extraction Repository
Developer
File Views

Model

- Groups

Interact

Tolerances
Rules 1 Users
Issues
Discovery & [
Processing ” g D+
Approval
Tools Developer Tools

View its content
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Conventions

Model Selection Tolerances

Users Languages
Model of Models viewer [ | ooy v

SUb]ea MOdeIS Data Model pooe Discovery & [ Issues
_> Rodelling Extraction # Repository m Processi)r:g = 7 i Approv:T
Tools Tools Developer Tools Developer Tools
Interact
d i . . " x
@ Equivalent Set : Position Sensor,pasitionsensor1,PositionSensor
Irunning time:0|
o ?;EALF 1D NAME DESCRIPTION FROM MODEL Remove
fac Modelic|
w“oimiuv‘-i;“f 1.2.9.2+_PACHYDmBEeSp
omodelld  CaOzdHHjsQ+004_AADL_ PositionFeedBack Fullsystem_impl_Instance
O Modellty
O ModelV; M Dde”
1.3.3+_PACHYDmB8EeSpCa .
OzdHHjsQ+004_AADL_M PositionSensor Fullsystem_impl_Instance X Ed't Content Of the
odell .
discovered
1.1.15+_PACHYDmB8EeSp .
CaOzdHHjsQ+004_AADL PositionSensor [object Object] FullSystem_impl_Instance X equwalent set

Model1

EAID_F36A161D_F580_44
97_B6B1_6B2EBTEDT6GA5
EAPK_61A274C3_BF29_4
f8_9DDB_6F54CFO0CDAN

+001_SysML_Model1

Fuzzy matching has
identified four
occurrences of three
different names used
[object Object] slidingblockpid1-full.mo X across models

Plus one false match

Position Sensor EA_Model X

slidingblockpid-

full.mo+Modelica.Mechan

ics. Translational.Sensars.P

ositionSensor+positionse

nsor1_Modelica_File_Versi
on’

positionsensor]
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Conventions
[ | Users Languages Model Selection Rul Tolerances
oael O odelis viewer | | — v 4
Subject Models Model Issues
. Data Model Discovery & »
_> Rleceling Extraction # Repository m Processing = P Approv:T
Tools Tools Developer Tools Developer Tools

File Views Interact
u] ~ =
ENN[E s =
Clear Reset View Spread Out Equiv Sets LineWidth Colour links ~ Colour
in same Legend
model
Cleared
fur - AADLinstance
:‘3( SysML
fzg ModelicaFlat
Simulink

ik O EquivalenceSets

O ModelledObjectCollections
O Modelltems
O ModelValues

3 Set now only contains
ox good matches

4
I\ Name : Position Sensor | ID : Position Sensor,positionsensorl,PositionSensor_EquivalenceSet \I

Now can check
associated properties,
structures, etc.
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Production scale models

SCADE
Publisher Subscriber
O EquivalenceSets
O ModelledObjectCollections

O Modelltems
O ModelValues
B ModelltemAssociations S
DerivedFromModels
@

These are the same two pairs of models with different relationships and rules applied.

10 November 2016 © 2016 AVSI 25
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Conclusions

 The aim is to allow discovery of consistency issues much earlier
than physical test

— In the general case this is a challenging problem
« Making progress on establishing both process and mechanisms

— The approach is feasible for specific domains

« Through the use of standard formats, can resolve the spatial relationships and so
perform virtual integration and check consistency of integration

« SAVI Is working on:
— A Virtual Integration Process
— Methods for considering emergent model behaviour as well as static tests
— Specific capabilities such as safety and security across models

10 November 2016 © 2016 AVSI 26
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> Higher Level Verification Checks Higher Level Models
Refine
Model(s)
E E Develop = - o o S EE S S EE O O S . . . I
S Verification | I | Lower Y
e W
2|5 Checks | . I Level sz
= I Dependencies | Model(s) I|g
S 5
|5 3 I ] =
£le I Register g | 8|3
8l I gister - | gz
£~ 3 Dependencies gl I sl ~
=._ o= - €
HE : ok ' =|z
[+] n T3]
= | Perform Con- s P i o|E
¥ sistency Checks g ! 8l
glx 5§ | = | £
gl = I
= [
O _ - L
Elx Consistent? NO Rgsolve__lnc_o_n
9[3 : sistencies by
=
glo g J
g Consistency Checks
3 Perform
£ sennmmmmmd Verification
Checks

Resolve Non- no— S liantz VES Models and Verification
compliance by ) ompliant: Checks sent to Integrator

Only by assuring ourselves that our models are consistent can we have confidence that
subsequent analyses and their results can be trusted!

10 November 2016 © 2016 AVSI

Models capture our
understanding of system and
its components

Separate models express
decomposition and viewpoints

How do we assure that our
individual views and
composed (virtual)
perspectives are looking at
one system?
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Looking forward

A Rockw/ @
* As Model Based Systems P
Engineering becomes the SIKORSKY 7 Honeywell
normal way of business, it will
be even more important to

minimise the risk due to SN\

System Architecture Virtual integration

Software Engineering Institute

t||||||

Inconsistency between @) AIRBUS
models, both within and
across enterprises (L ooEING

« This problem is not going to
go away!

Website: savi.avsi.aero
10 November 2016 © 2016 AVSI 28
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H - L AFE 61 WBS model xref.xlsx - Excel ?EH - 8 X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW SHARE-A-SPACE TEAM Nigel Shaw -
— B i i o
I:l D “:IJ Cer 7| Formula Bar Q D.\ DE E gl Split View Side by Side ED'_J ET
e T Hide Synchronous Scrolling )
Normal Page Break Page Custom [ gridlines [v Headings Zoom 100% Zoom to New Arrange Freeze - . . Switch Macros
Preview Layout Views Selection Window All  Panes~ | Unhide REselWIndow Fosiion - ywWindows © -
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A2 - Jr | 24-xx-101 A
A B C D E F G | J
1 Publisher ATA Publisher Name Connection Signal | Subscriber ATA | Subscriber Name | Notes \ Geometry Routing
Power\Wire6 (1275, 704) - Bulkhead Connector (1268, 313) -
2 |z24-xx-101 Elec. Pwr. Sys. -L z24-0:-101_z24-50¢-102 Primary Power z24-0¢-102 Elec. Pwr. Dist. Unit - Wheel Well - L PowerWire2 (1272, 692)
i PowerWired (1278, 716) - Bulkhead Connector (1265, 313) -
3 |z24-50-101 Elec. Pwr. Sys_-L 724-x6-101_z24-50c-202 Secondary Power 724-06-202 Elec. Pwr. Dist. Unit - Wheel Well - R PowerWires (1293, 776)
4 1 z24-0¢-101 Elec. Pwr. Sys. -L z24-0¢-101_22T-0:-104 Wain Power z27-xx-104 Rudder Pedal Rudder Position Sensor - L
Power\Wire11 (1280, 724) - Bulkhead Connector (1125, 313) -
5 |z24-0-101 Elec. Pwr. Sys. -L z24-06:-101_z32-0¢-101 Primary Power z32-0¢-101 BSCU-L PowerWWire16 (1285, 744)
6 |z24-50c101 Elec. Pwr. Sys. - L z24-0:-101_232-0c-102 Main Power z32-0:102 L Rudder Pedal Brake Position Sensor - L
T |z24-50c-101 Elec. Pwr. Sys. -L z24-xx-101_z32-0¢-103 Main Power z32-06-103 R Rudder Pedal Brake Position Sensor - L
PowerWire13 (1282, 732) - Bulkhead Connector (1126, 313) -
§ |z24-20-101 Elec. Pwr. Sys. -L z24-0¢-101_232-00-201 Secondary Power z32-xx-201 BSCU-R Power\Wire15 (1284, 740)
9 |z24-0-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-0:-102_z29-0c-105 Main Power z29-0:-105 Meter Valve - L Inboard
10 |z24-xx-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-06-102_z29-0¢-209 Main Power z29-0¢-209 Meter Valve - L Outboard
11 | z24-5x-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-xx-102_z32-%x-105 Main Power z32-0¢-105 Hyd. Pressure Sensor - L Inboard MirrarPower Supply Wire 2 (1315, 855)
12 | z24-50-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-xx-102_z32-¢-106 Main Power z32-x0¢-106 Tire Pressure Sensor - L Inboard
13 |z24-0¢-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-xx-102_z32-0c-107 Main Power 23220107 Brake Temp. Sensor - L Inboard
14 |z24-xx-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-x¢-102_z32-00-108 Wain Power z32-xx-108 Wheel Rotation Sensor - L Inboard
15 |z24-0c-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-0:-102_z32-0-109 Main Power z32-0:-109 Weight-On-Wheels Sensor - L
16 |z24-xx-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-0:-102_z32-0c-114 Wain Power z32-0c114 Tire Temp. Sensor - L Inboard
17 |z24-50-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-50:-102_z32-0-210 Main Power z32-0c:210 Hyd. Pressure Sensor - L Outboard MirrarPower Supply Wire 3 (1317, 863)
18 |z24-xx-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-xx-102_z32-0¢-211 Main Power z32-xx-211 Tire Pressure Sensor - L Outboard
19 | z24-50x-102 Elec. Pwr. Dist. Unit - Wheel Well - L 724-xx¢-102_z32-00-212 Iain Power 732506212 Brake Temp. Sensor - L Qutboard
20 |z24-xx-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-x0¢-102_z32-0:-213 Wain Power 232213 Wheel Rotation Sensor - L Outboard
21 |z24-xx-102 Elec. Pwr. Dist. Unit - Wheel Well - L z24-x¢-102_z32-0:-215 Main Power 232215 Tire Temp. Sensor - L Outboard
PowerWired (1277, 712) - Bulkhead Connector (1270, 313) -
22 |z24-0-201 Elec. Pwr. Sys. - R z24-500:-201_z24-50c-102 Secondary Power z24-0:-102 Elec. Pwr. Dist. Unit - Wheel Well - L PowerWire3 (1273, 696)
PowerWire7 (1276, 708) - Bulkhead Connector (1264, 313) -
23 2240201 Elec. Pwr. Sys. - R z24-x0¢0-201_z24-00-202 Primary Power z24-xx-202 Elec. Pwr. Dist. Unit - Wheel Well - R PowerWired (1274, 700)
24 | z24-0¢-201 Elec. Pwr. Sys. -R. z24-x0¢0-201_z2T-00-204 Main Power z27-xx-204 Rudder Pedal Rudder Position Sensor - R
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