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How to improve supportability, affordable readiness &
RTOC ?

Our basic approach:

- Seamless math-based data flow from Engineering data to FMEA and Service

Information —
- FMEA
Engineering - gTCAA
data base =
-DT

This leads to:

- Reduced costs

- Lower development costs for FMEA & Service Information (FDI) generation
- Improved Quality

- More complete and accurate FMEASs & Troubleshooting Procedures
- Reduced Lead times

- Design validation early on in the development process

- Early Availability of Service Information (FDI)
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O How can a math- based seamless data flow be
achieved?

By using a software tool which allows

- Functional behavior

- Validation of functional design & Risk analysis

- Diagnostics (FDI)

- Non-functional attributes
- like cost, mass for early on requirements analyses
- Failure probability on component level for FTA

RODON
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0 RODON - Application Areas

RODON is a Software-Tool for System Integration based on the
analysis of the functional behavior of the components

. : Maintenance
Requirements, Design Manu- _ ,
i [ i e [

Risk Analysis

- FMEA

; - SCA
lation, _ETA

Consistency - other
Checks

Monitoring

| , Diagnostics
» Requirements - '\{'%jr%%gfgd (MBD)

Analysis ‘ - Off Board

- Model supported (MSD)
- Decision Trees
- Diagnostic Rules
- State Based Reasoning

Engineering data base:
Net lists, Communication Tables, Component behavior, ECU Behavior
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RODON
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RODON

Connectivity on Component and Assembly Level

Lebimr Spicee Anshoc Bickgingly Doarbocice Arpoge forechic foe=] Hilc |
kesdergn -3

ing | N | F ——-— :
Modeling | B img - —— -

Execution of Analyses

Modeling Il - Connectivity, Assemblies and Systems

Highlights & Features:

- Description of Nominal Behavior

- Hierarchical Model Structure based upon

BOM

- Multidirectional Determination of all
Values of the System

- Qualitative and quantitative Values

- Representation of Tolerances as
Intervals

- Steady State and Dynamic Analyses

- Top-Down and Bottom-Up Approach

- Definition of Failure Modes on
Component Level

- Straight Forward Variant Handling
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O The RODON Process
» Generates Models Automatically from Design Data
» Generates all Analyses by calculation from one Model

Entgirgeering Results of
ata base
Anal

| ~ODON RODON nalyses
«Communication Simulation 2 ETA

Tables System F : *SCA
*ECU Behavior ormatting *Decision Trees
«Component -System +Diagnostic Rules

Behavior

Modeling State Data Base Generation of

process Generation * Risk Analyses
» Diagnostic Knowledge 1

RODON State Database
. —— FMEA

RODON Decision Tree

CAD Schematics

..,._ﬂ.._
S

Diagnostic Rules
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Example: Project with Aircraft Manufacturer
Aircraft Elevator - Fly by wire system

System consists of:
- Hydraulic control loop

- Controller Logic
- Electrical Wiring

Filter
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Differential Pressure Transducer
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0 Example: Aircraft Elevator - Fly by wire system

Tasks:

- Simulate maximum deviation of actual value from set point depending
on tolerances & offsets of inputs

- Investigate impact of tolerances & offsets on behavior of monitors

- Investigate impact of failure modes on behavior of monitors

Methodology:

- Create RODON Virtual Product Model
- Simulation with Tolerances for time-dependent systems
- Failure-Mode-Simulations for time-dependent systems

Additional benefits concurrently to the simulations:

- Automated FMEA generation for dynamic systems
- Generation of Troubleshooting Procedures
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Example: Aircraft Elevator - Fly by wire system
Create RODON Virtual Product Model

N ENEE !_1

iR

g oy Sysawr m;wwmwmm;f-q

]
File: Thoy—e Systam; Fowd|Chisa: Asssmivy| Stats: [rot ganerabed)|
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TELTH SYSTEM Ok: Hydraulic_System<DELTA

0 Example: Aircraft Elevator - Fly by wire system
Tolerance-Simulations with RODON

- Sensor-tolerances

- Offsets

0 0,055 0,11 0,165 0,22 0,275
TIME

K_SY SWSTEM Ok: Hydraulic_Systems¥_SW

Elevator position versus time after
stimulation with a step function.

Black: no offsets & tolerances
Yellow / cyan:
upper boundary of tolerances & offsets

Red / green:
lower boundary of offsets and tolerances
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0 0,085 0,11 0,165 0,22
TIME

0,275

0,33

Servo-valve position versus time,
controlling the elevator position.




Example: Aircraft Elevator - Fly by wire system
Failure Mode Simulations

DELTA {EV1/FZ = STUCK_ACTIVE}: Hydraulic_System/DELTA
e RODON:Plt 3 [/
n_SW (EV1AFZ = STUCK_ACTIVEY: Hydraulic_Sustems¥_SY
0 0,055 0,11 0,165 0,22 0,275
TIHE
Elevator position versus time. ,Run-away*
situation.
Failure-mode is Enabling Valve EV1 . - . : .
n 0 0,055 0,11 0,165 0,22 0,275 0,33
STUCK_ACTIVE". TIHE

Effect: Main Servo Valve is closed; no control

possible. Elevator runs away due to air loads. Servo Valve position versus time for all offsets and
tolerances. Position of Servo Valve has no influence on
elevator due to closed Main Servo Valve.
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Example: Aircraft Elevator - Fly by wire system
Excitation of Monitors

SY-LVIT_HW (EV1/FZ = STUCK_ACTIVER: SW-LVWDT_HWASW-LYDT_HW
SWPHTrip CEV1/FZ = STUCK_ACTIVE): SV_Position/SYPHTrip
0 0,065 0,11 0,165 0,22 0,275 0,33
TIHE
Sensor-Monitoring of sensor LVDT of Servo Valve
SV. Monitoring behavior as expected.
0 0,085 0,11 0,165 0,22 0,275 0,33
TIHE

Position-Monitoring of Servo Valve SV.

Black curve: Simulation with no offsets and tolerances. Monitor activated due to offsets and tolerances.
Colored curves: Simulations with offsets and tolerances. Unexpected Monitoring behavior!
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Example: Aircraft Elevator - Fly by wire system
Results of the analysis

- Maximum deviation of actual value from set point due to
the offsets and tolerances were larger than specified

- Offsets & Tolerances have significant impact on
Monitoring for both

- the nominal behavior mode
- failure modes
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Additional benefits - FMEA

== RODON-SIB EE
Datei Einstellungen  Information  Extras Hilfe
SN =
DRGan State Database:Iyprojectsfdasa.-’alrbus—hbfefcs—demofrdfsdb—datafl'lnw5.sdb Choose...l ﬂl Flesetl
DTGen | AutoSim..| Check SDE| Merge SDEs.. Options...| Save..
1} Wiews:
1 &ll Blocks | |11 fmea-4-col-fo-plot I
Block-Mo.
Item/Function Potential Failure Mode  Potential Effect(s) of Failure Indication
ACT-LYDT DISCOMNECT ACT-LYDT_HW/LYDT_HW=0RM, ACT-LYDT-Decoding/F=NO_LOAD_¢_GMD_COM,
Hydraulic_System/DELT &=-6.55, Monitoring/LYDT_HW=0M,
Hydrauhc Systemdn_SW=0.37, konitoring Sy - LY DT- HiW=0N,
Hydraulic_Sistemsx_Z%L= 884 Maonitaring/ SV P=CM
—LVDT_HW/SY-CVDT_HW=0N,
SV _Position/SWPMTrip=0R
ACT-RWVDT DISCOMMNECT ACT-RYDT_HW/RVDT_HW=0N ACT-RYDT-Decoding/F=NC_LOAD_{_GMD_COM,
konitoring/RY DT_HW=0MN
Ev1 STUCK_ACTIVE Hydraulic_5ystem/DELTA=-3.13, Monitoring/sY -LYDT-HW=0M
Hydraulic_System/MEV=0,
Hydrauhc Sirstemdn_SW =l 31,
Hydraulic_Skstemsx_Z%L=. 43
—LVDT_HW/SY-CYDT_HW=0n
LWDT_Exc_C_H  DISCOMMNECT ACT—LVDT_HWILVDT_HW O, ACT-LYDT- Decodlnng MNO_LOAD_{_GMD_CON,
Hydraulic_System/DELT A=- 6. 55 LWDT_Exc_C_Hi_COMNT=+,
Hydrauhc Systemdn_SW=0.37, Monitoring/LVDT_HW= ON —
Hydraulic_Systemsx_2Z%L= 884 MonltorlnngV—LVDT—HW:ON,
~LVDT_HW/sY-CYDT_HW=0N,  Monitoring/SyP=0nN
SV _Position/SYPMTHp=0RN
SHORT_TO_GMD ACT-LVYDT_HW/ANDT_HW=0M, ACT-LYDT-Decoding/F=MNO_LOAD_¢_ GMD_COM,
Hydraulic_System/DELT &=~ .55, Monitoring/Ly DT _HW=0MN,
Hydraulic_Systemsx_5%=0.37, Monitorings 3 -LYDT- Hiw = O,
H%draulic_sdstemfx Y= 884 Monitarings SV P =0
S4-LYDT_HW/3W-CWDT_HW=0N,
SW_Position/SWPMTrip= 0N
RYDT_Act 41 DISCOMMNECT ACT-RYDT_HW/RYDT_HW=0M, ACT-RVDT- Decodlnng MNO_LOAD_{_GMD_COM,
Sensor_Integrty SIMTHp=0MN Manitaring/RY OT_HW=0N
Monitoring/SITrip=0M,
RYDT_Act_W1/M_COMNT=+
SHORT_TO_GND ACT-RYDT_HW/RYDT_HW=0DM, ACT-RYDT-Decoding/F=NO_LOAD_/_ GND_COM,
Sensor_Integrity/SIMTrip=0mM Monitoring/BYDT_HW=0M,
konitorings/SIkTrip=0N
SY-LYDT DISCOMNECT SY-LYDT_HW/EY-LYDT_HW=0M Monitoring/3Y -LYDT-HW=0mM
Sy-LVDT-Decoding/F=NO_LOAD_/_GND_CON
SY_Cmd_Minus DISCONMNECT Hydraulic_System/DELTA=0, konitaring/SW PR M=0RN,
Hydraulic_Systemsx_5%=0, SY_Cmd_| inusfM_CONT=+
Hiydraulic_System/x_Z\vL=0, i
J=d 1 -

Def-File: Tiny.def

| Mo Symptam File loaded

5]
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O Example: Aircraft Elevator - Fly by wire system

System FMEA for
dynamic- and tolerance-
based systems; generated
automatically out of the
same RODON Virtual
Product Model.

FMEA was used to check
the controller's self
diagnostics and
monitors for about 300
failure modes.

Potential Effects:
- Observable and measurable
variables of the hydraulic system

Indications:

- Monitors
- Diagnostic Trouble Codes



O Example: Aircraft Elevator - Fly by wire system

Additional benefits - Simplified Fault Trees

= | RODDN-SDB [
File Settings  Information  Extras Help
SaN =
DRGen State Database:Ig’projects.-’dasa.-’airbus—hb.-’efc:s—demo.-’rdfsdb—data.-"'l’iny‘l5.sdb Choose...l Loadl Resetl
DTGen P.utoSim...I Check SDEII Merge SDEIs...I Optiuns...l Save...l
Wien:
Al Bl fnea-failure-caused-syms —i |
. I . : i
ItemsFunction Potential Failure Mode  Potential Effect(s) of Failure
ACT-LYDT DISCOMMECT elevator too low (with tal),
elevator too low
EW1 STUCK_ACTIVE elevatar too high (with tal),
elevator too high
LYDT _Exc_C_H DISCORMMECT elevatar tao law (with tal),
elevator too low
SHORT_ToO_GRD elevator too low (with tol),
elevator too low
SW_Cmd_Minus DISCORMMECT elevator stand,
elevatar tao high (with tal),
elevatar too high
Servovalve DISCORMMECT elevator stand,
elevatar too high (with tal),
elevator too high
STUCK elevatar stand,
elevatar too high (with tal),
elevator too high
OFFSET elevator too low (with tal),
elevator too low
Zylinder STUCK elevatar stand,
elevatar too high (with tal), ]
elevator too high
£
= i
i
Def-File: Tiny.def asalairbus- hb/efcs-deme
-J
A
= |
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Simplified Fault Trees:

Symptom -> possible causes
relationship

Selected Symptoms
 Elevator too high
* Elevator too low

» Elevator stuck



0 Example: Aircraft Elevator - Fly by wire system

Additional benefits - Troubleshooting Procedures

Automated generation of Troubleshooting Procedures (Decision Trees)
out of the same RODON Virtual Product Model.

File Gettnigs  Information  Esiras Help
BN
DRGan Slak Dihhm|i'pmjnmmma—damﬁdh—umwnnﬂ5.|-1I| E"""“"I L“ﬂl Claar
OTGHN | CostFis i l:nuuaa_.l
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5
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O Additional benefit -

Compliance checks for integration and test phases

Compliance checks between specifications and the real,
physical system according to the “V”-Model can be

- ; - - V' - M I
performed by using RODON'’s Model-Based Diagnosis Stepwise ode Stepwise
(MBD) - Function. Specification Integration

process VEleEiamn 2 process

Compliance check
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Summary |

RODON-Support to Product Design, Integration & Maintenance

RODON supports the following tasks using the same RODON Virtual
Product Model:

- Analysis of the design
- Automated Risk Analysis: FMEA, simplified FTA, Sneak Circuit
Analysis (SCA)

- Automated generation of troubleshooting procedures and diagnostic
rules

- FDI analysis of the design
- Coverage analysis in the design stage

- Subsystems’ integratability tests by Virtual Prototyping
- Identification of fault conditions for ECU

- “Executable” FMEA with Math Based Model
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O Summary |l

Benefits

- Reduces Effort

- To generate FMEA, FTA and diagnostic Information

- Creates “Technical Memory” over successive programs
- Improves Quality:

- More complete and accurate results
by using math based process

- Reduces lead times by early analysis of design
- Getting Errors out Early

- Early Avallability:
Diagnostic Information available at Integration & Test phase
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RODON
Overall Applications
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0 R.O.S.E. Informatik GmbH
Major Customers

Automotive Industry
» General Motors (GM)

* DaimlerChrysler
DAIMLERCHRYSLER
» Volkswagen ‘
Aerospace Industry
* NASA Ames Research Center i EADS
« EADS Airbus
 ASTRIUM Space Infrastructure astrium
Military

» Krauss-Maffei Wegmann M w

Krauss-Maree! WEGMANN
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