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Retraction Sequence Requirements
ﬁt_‘ti\.rate ElectroValve for Retractation Sequence

When HandleCommand s "Up ,
| GeneralElectroValveCommand shall be true
until all Gears are 'Retracted and all Doors are 'Closed

Open Doors for Retractation Sequence

When HandleCommand s "Up ,
| | OpenDoorsCommand shall be true until all Gears are 'Retracted

Retract Gears for Retractation Sequence

When HandleCommand s 'Up and all Doors are 'Open ,
| | RectractGearsCommand shallbe true until all Gears are ‘Retracted

Close Doors for Retractation Sequence

When HandleCommand s ‘Up and all Gears are 'Retracted |,
| | CloseDoorsCommand shall be true untidl all Doors are 'Closed

12 seconds
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USE CASE DESCRIPTION- LANDING GEAR CASE STUDY

“A320 landing gear downlock- Christopher GREGOR Director, Flight Safety”

Airbus A320 Landing gear using 1 Locked sensor
Spurious landing gear not downlocked indications with one sensor

A320 Ianding gear - Need for a redundant sensor for more accuracy
downlock Aircraft system architecture update to incorporate 2 locking sensors for deployment and

retraction

Introduction LDG GEAR CTL panel
receives landing gear
A prelude 10 two runway excur- position feedback from
sions was a spurious landing gear
not downlocked indication on the LACRI Ny

landing gear indication panel.

The spurious indication led to LGCIU1
uuuuuuu sary application of the @
LDG WITH ABNORMAL L/G QRH

PEQEaNEA. [Lecwz]

This article summanzes the cor-
rect interpretation of landing gear
downlock indications to prevent ECAM WHEEL Systems

re-occurrence. Display (SD) page displays
the landing gear position
feedback from both
LGCIU1T and LGCIU2

Landing gear

Figure 1
Laing contd
position status e Lok
avhrectue
Landing gear control and
indication architecture
The Airtbus A320 utilise two Land- This article wall utilise the EIS 1 display for the illustrations. However the article

P sable to 218 1 - S 2 di
ing Gear Control and Indication is applicable to both EIS 1 and EIS 2 displays.

Units (LGCIUT and LGCIU2). The
LGCIUs provade the inputs and feed- EiS1
back necessary to control the landing
gear. In addition to the control mputs,
the LGCIUs provide the system pa-
rameters for the flight deck display
and fault annunciation. System re-
dundancy is reflected by LGCIUI
and LGCIU2 .

Safety first #10 August 2010 - 1/5
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PROCESS FLOW-> 3DX- SYSTEM SPECIFICATION
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On ground as well as during take-off or landing phases, the landing gears (L5s) shall be
fully extended and down-locked in order to prevent any retraction risk

——

see  0-2@ COT_NTOTR-32007700

The landing gear system LGS is tricycle system made up of a Mose Landing Gear (MLG) and
twio main landing gears (MLG: LLG for the left LG and RFLG for the right one)

o For the seven Eoest VI repions is shown in Fig 2
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Export of Requirements from Enovia
Requirements Management (TRM) to CATIA
Magic via DataHub plugin

assembly ___ :::‘ ];
: System Context
: Stakeholder <
o Needs
a £ X Conceptual
- O
= e Subsystems
OE \
E System
: System Structure
o) Requirements
0 s
g Sub§ ystem Subsystem Structure
= Requirements
v
ComP onent Component Structure
Requirements
28
aco
Eg*

Pillar

Behavior Parameters Safety & Reliability
Use Cases Measures of Conceptual and
Effectiveness Functional FMER
Conceptual

- i MoEs for Subsyst
Functional Analysis oEs for Subsystems Subsystems FMER

System Behavior System Parameters System S&R
Subsyste 1 Behavior Subsystem Parameters = Subsystem S&R

Component Behavior Component Parameters Component S&R
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SYSTEM ARCHITECTURE WITH SYSML

* The Cyber MagicGrid methodology separates the problem (implementation free) and the solution (technology depe?fdent

It is composed of 4 pillars
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E Sg!stem System Structure
) Requirements
S
5 Sub§ ystem Subsystem Structure
= Requirements
V)]
ComP onent Component Structure
Requirements

Imple-
menta-
tion

Use Cases

Functional Analysis

System Behavior

Subsystem Behavior

Component Behavior

Landing Gear System has been defined using the MagicGrid approach

Measures of
Effectiveness

MoEs for Subsystems

System Parameters

Subsystem Parameters

Component Parameters

Starting from Stakeholder needs down to the subsystem-level architecture.

Conceptual and
Functional FMER

Conceptual
Subsystems FMER

System S&R

Subsystem S&R

Component S&R
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LANDING GEAR SYSTEM MODELLING
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PROCESS FLOW-> SYSTEM SPEC- DETAILED SPEC
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After the Up Command has been sent, the LG will be retracted and the Doors shall be closed, in less than 15 seconds.

Timi. Seconds

After the Down Command has been sent, the LG shall be extended and the Doors shall be closed, in less than 15 seconds?

D

%

- .
/N e,
i 4 A v
L L * [ -

.'
k1 A A h
¥ = pe ¥
& ! b
] | A
¢ @ o

w w w LN

~ -

M I - E;.-
|
o)
I

Software_Control BD_1S

A rl){ mainValveWork | D
4

A mainValveRest
e

A lockValve
/

D

D

r|){ unIockValvel

N
4

lightDeployed

[ lig htRetracted]

[ IightLockFailure]

STIMULUS

D

Hydraulic_System_R

Main_Act_Flow

£

N
4

N

Lock_Act_Flow

Physical_FMU

N

1

N

£

N

[ brokelLockSensor2 b—[)

[ brokeLockSensor I)—D

Sensors_System_R_15

After the Up Command has been sent, the LG will be retracted and
the Doors shall be closed, in less than 15 seconds.

>—- -deployed

(o)




WORKFLOW

OopE 9@

< Stakeholder Regulatory Stakeholder Functional / Logica

§ Needs Requirements Requirements Architectures

é System 5 )
S Requirements :
3’_2" Downstream Requirements Functional

== -

5 Corpus Requirements

MOV

ECET

o'

p7-s DASSAULT

1( SUSTEMES



REQUIREMENTS SIMULATION

Percentage of Defects Introduced vs Detected During the
Development Process

80
/0 70
60
50 51
40
30 MIL SIL
(source: IBM Systems Sciences Institute)
: .
: 4 i 9
REQUIREMENTS DESIGN/CODING TESTS SYSTEM ACCEPTANCE MAINTENANCE
—DEFECTS INTRODUCED DEFECTS DETECTED

*‘-'-?’

n
I .

Transportation Aerospace

Marine &
Offshore

Energy &
Materials
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& Mobility & Defense

 Correctness: requirements capture the system behaviour
 Consistency: no conflicting requirements
» Completeness: no missing requirements

o . . DASSAULT
11 * Testability: test scenarios can be written DS siSTeMES
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REQUIREMENTS-IN-THE-LOOP FUNDAMENTALS

Allocate formalized requirements to SYSTEM architecture

... AND SIMULATE!

[ Unstable >
Lﬂandle

Software Requirements

Outgoing Sequence
Activate ElectroValve for Outgoing Sequence
From each time HandleCommand becomes 'Down |,

I GeneralElectroValveCommand shall be true
until the ime all Gears are 'Extended and all Doors are 'Closed

tgoing Sequence
quenceState s 'Active ,

oorsCommand shall be true until the time all Gears are 'Extended

>GeneralEIectroVaIveComma nd Input ;AnalogSwitch > Output
N HandleCommand }
L/ <AnalogicaISwitchState State
PilotHMI / Clmmdwima O vl [—
< Syste mState< 5 sacands ?
H [
'Up ‘Down '‘Down { Stable ; HandleCommand = 'Down
. - : E
< CircuitPressu
(o o= o oo - - -—--—— -.Ei:

i .
"'Closed { Free )

N\ CloseDoorsComm '‘Maneuvering Free )

* 'Open [ Free

.'H_-_-_-_

utgoing Sequence

& quenceState (s 'Active and all Doors are 'Open |,

k]
‘_! Doors.Front = 'Closec

earsCommand shall be true until the time all Gears are 'Extended

IH-—-—-—-

'‘Maneuvering ] Free )

/ (Tim - — - : tgoing Sequence
DigitalPart N OpenDoorsComm E:IE“":" Fres] . : quenceState is 'Active and all Gears are 'Extended ,
orsCommand shall be true until the time all Doors are 'Closed
{—< Last |
4 ‘Extended [ Free ] ! Gears.Front = 'Extended

» System Architecture

- [ ]
M - — o —- I I
‘Error | Fres " 'Error | Fres
N\ RectractGearsComm : ].ﬁ. ' o : ) :
/ < < = . |
N\ ExtendGearsCommeg 1 1 2 3 4 = ‘ lrements
/ -
R _ _ Time nts
% GearsRetractedSensors GearsHydraulicP ure '
‘—< Last <I < Gears 4 ! M\l Open Valve
< A Lae <Iv GearsExtendedSensors / —_— I When ElectricalOrder is true for more than 1.2 [second] , I OutputPressure shall be InputPressure
N N
< GearShockAbsorbers / Close Valve
N I When ElectricalOrder (s false for more than 3.8 [second] , I OutputPressure shall be zero

Door Cylinder Requirements

Gear Cylinder Requirements

? DASSAULT
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FORMALIZING TEXTUAL REQUIREMENTS

Write unambiguous requirements by composing templates that have clear semantics.

vl =

© Dassault Systéemes | Confidential Information |

condition

not condition - -

HEI

- >

On

< BODY >

not condition

pY

off

—P

condition

(s

HandleCommand

'‘Down

When

withtn
and
all m all shall be
Gears 'Extended Doors 'Closed

15 [second]

When HandleCommand is ‘Down, all Gears shall be ‘Extended and all Doors shall be ‘Closed within 15 [second]

13

» Resulting requirements can be simulated, but what does SIMULATION mean?

5
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SIMULATE FORMALIZED REQUIREMENTS

Generate possible behaviors that satisfy requirements

b

When HandleCommand is
‘Down, all Gears shall be
‘Extended and all Doors

shall be ‘Closed
within 15 [second]

© Dassault Systéemes | Confidential Information |

» Compiler transforms requirements into
clocked equations
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Time

» Simulator solves logical, numerical and

temporal constraints conflicting requirements

» Debugger detects incorrect, missing or

P
DS 2assauT



LANDING GEAR DIGITAL SUBSYSTEM SPECIFICATION

» Original informal requirements

Outgoing sequence. The outgoing of gears is decomposed in a sequence of ele-
mentary actions. When the gears are locked in retracted position, and the doors
are locked in closed position, if the pilot sets the handle to “Down”, then the
software should have the following sequence of actions:

1. stimulate the general electro-valve isolating the command unit in order to
send hydraulic pressure to the maneuvering electro-valves,

. stimulate the door opening electro-valve,

3. once the three doors are in the open position, stimulate the gear outgoing

electro-valve,

4. once the three gears are locked down, stop the stimulation of the gear out-
going electro-valve,

. stop the stimulation of the door opening electro-valve,

. stimulate the door closure electro-valve,

. once the three doors are locked in the closed position, stop the stimulation
of the door closure electro-valve,

8. and finally stop stimulating the general electro-valve.

(]

-] O Ot

© Dassault Systéemes | Confidential Information |

The previous sequences should be interruptible by counter orders (a retrac-
tion order occurs during the let down sequence and conversely) at any time. In
that case, the scenario continues from the point where it was interrupted.

» Monolithic specification as related requirements cannot be
considered independently

»\ague and non testable specification of counter-orders

15

» CATIA Stimulus requirements

QOutgoing Sequence Requirements
(@) Activate ElectroValve for Outgoing Sequence
When HandleCommand (s '‘Down ,

| GeneralElectroValveCommand shall be true
until all Gears are 'Extended and all Doors are 'Closed

'@' Open Doors for Outgoing Sequence

When HandleCommand s '‘Down ,
| | OpenDoorsCommand shall be true until all Gears are 'Extended

'@' Extend Gears for Outgoing Sequence

When HandleCommand s 'Down and all Doors are '‘Open |,
| | ExtendGearsCommand shall be true until all Gears are 'Extended

'@' Close Doors for Outgoing Sequence

When HandleCommand s 'Down and all Gears are 'Extended
| | CloseDoorsCommand shall be true until all Doors are 'Closed

» Independent requirements which shall always be true whatever
the state of the system

» Robust to counter-orders, testable
» Debugged through trials & errors thanks to simulation

55 DASSAULT

SYSTEMES



REQUIREMENTS ENGINEERING AND VERIFICATION WORKFLOW

28
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|dentify functional

~ |requirements inside
—— |Requirement Manager |
(TRM)

System/Requirements
Engineer

.....

Manage LifeCycle
operations inside
Requirement Manager

(TRM)

From Stimulus, connectto =
Sl - TRM and pull the text of the |
‘ e requirements into Stimulus |~

||||||

Model in Stimulus
modify, add or
remove requirements

e |
Setup test
environment and
build test case
scenarios

Push Stimulus formalised
requirements to TRM. Show
unsynchronized requirements in
Stimulus.

simulation

Validate and debug requirements,
models and code thanks to

p7-s DASSAULT
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REQUIREMENTS MODELLING

i ffi CATIA Stimulus

File Edit View MNavigate
h & b M

Projects ~ | Libraries -

v &l Landing_Gears
HE | .
mm Library
== Requirements
=s Tests

Layout

Transform Insert Tools Help
m 9 6 O

Start page X

Welcome to CATIA Stimulus R2023X

ULUS

Debug Your Requirements

< Tutorial & Demos —7 Recent Projects
Stimulus in a nutshell Automotive Landing_Gears
Headlights Landing_Gears_IVVQ
DOCU mentation Transportation Landing_Gears_IVWVQ
Sliding Doors Landing_Gear
Reference manual Avionics LucidMotors
Drone
Videos Landing Gears
Misc
Product Overview External System

Standard Library Examples
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REQUIREMENTS SIMULATION AND TEST ENVIRONMENT
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PROCESS FLOW-> FUNCTIONAL REQUIREMENTS- 3DX

| {
' f& w—

Valve commands requirements
Deployment
SC_RQ_001_1S
When bpDeploy,
From each time | bpDeploy and |not | locked and deployed |||

| mainValveRest shall be true
before the time deployed

SC_RQ 002_1S I

When bpDeploy,
From each time deployed,
| mainValveRest shall be true

| lockValve shall be true
k before the time locked /

Retraction
SC_RQ_003_1S

When [not bpDeploy |
From each time || bpDeploy becomes false | and [not retracted ||
Before the time |[not locked | for at least 2[s] |,
| unlockValve shall be true
afterwards
| mainValveWork shall be true
before the time retracted

© Dassault Systéemes | Confidential Information |

the 3DExperience platform through TRM

20

Export of validated Stimulus requirements to

M CATIA Stimulus . ]
File Edit View Navigate Layout Transform Insert Tools Help
h & B a ®- O D X 11 { e~ o = B S0 & T
Projects v | Libraries v Start page X | HLGlossary X | LLGlossary X | System X | _1_Logical_Interfaces X | CMD_TOGGLE RDM X | LG_System X | Deployment_and_Retraction_System X | Landing_Gear_Sequence X
Deployment and Retraction System Interface v | Properties v
v &l Landing_Gears |
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Deployment_and_Retraction_Syst deployed withdrawallinProgress
== _1_Logical_Interfaces Out ~ lightLockFailure
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SOFTWARE IN THE LOOP SIMULATION
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REAL TIME SIMULATION TO TEST THE CODE

' : @
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I'aC’(edOUt_D (fa'se) the |npUt BOOL : 0 ......................................................................................................................................
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-I‘—u' b_o 6a|se) false OUtpU‘t BOOL ,009. ......................................................................................................................................... ?,L'r:“m“hi“‘; 77777777777777
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©
:.E Name [ Platform ] IP addre fmuoutput1/Main_Pos fmuoutputi/LockPos sensors/retracted lights1/lightRetracted
PO_PC nt64 152.168
8 SimuRaspBeny linux 192.168 | 0.22000 | 0.12631 . .
— SimuT1 nt64 127.0.0.
8 simuT2 nt64 127.0.0. N . sensors/deployed lights1/lightDeployed
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17:27:00,650 - [2292] Portl 1/Portl/partition 2/dl1/Portl 1 -> Receiving frame
84 092
2 bytes

17:27:00,854 - [2292] Portl_1/Portl/partition_2/d1l1/Portl_1 -> Sending frame
IP 192.168.1.11:22660

04 0606

2 bytes

17:27:00,857 - Cycle Time Fixed : 300ms, Real Time Elapsed

17:27:00,950 - [2292] Portl 1/Portil/partition 2/dl1/Portl 1 -> ceiving frame 'frame 1°
84 02

Eua
bytes

17:27:01,150 - [2292] Portl_1/Portl/partition_2/dl1/Portl_1 -> Sending frame 'frame_2" to
IP 192.168.1.11:220600

84 00

2 bytes

17:27:01,151 - Cycle Time Fixed : 300ms, Real Time Elapsed : 294ms
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CONCLUSIONS

Quality Criteria

* Ensuring the quality and reliability of complex systems

* Automate functional tests in a completely innovative manner, leading to higher quality products and smaller
\/ maintenance costs.

Simulate and validate functional specifications

* Simulate requirements to detect incorrect, missing, conflicting requirements before design begins
\/ * Requirements can be defined and simulated incrementally to ease the elicitation process

Validate design against specifications

* External code can be imported, allowing the compliance of the system implementation to be checked against

\/ its requirements;
* Simulate your design against requirements to check that the system actually complies with its specification

Automate hardware testing analysis

* Automate analysis of the HIL test log files allowing much stronger and faster verifications
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