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Will the system be controllable?l

High fidelity 6DOF + engine
angles + fuel slosh + bending
modes

ill the control system keep it stable?

Linearized and “planarized”
frequency analysis

Will the guidance system get it where
it needs to go? Will the launch be
safe?

6DOF + guidance loop

\ N break apart?

| Structural FEA

Will it impact the launch

structure?

High-fidelity geometry ’
model

e software perform as

State machine analysis,
Code-based testing




Key enablers for using simulation earlier in the development cycle

Interoperability through standards

Model evolution and reuse
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COSE

_off_ = true;
Turn_on_cooling = false;

Turn_off_machine = false;
delay = 0;

Model evolution and reuse
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Model evolution and reuse

#4 ResupplyingShipsUsingAutonomousCargo_hauling - Simulink
SIMULATION DEBUG MODELING FORMAT s

X <<C UAV lands on Ship

v _hauling

& | % ResupplyingShipsUsingAutonomousCargo_hauling »

CL ResupplyingShipsUsingAutonomousCargo_hauling
+]

< <<CallBehaviorAction>>

Mission Commander has request a resupply of needed o supply from land base station command { <<CaBehaviorAction>>
- <setupUAV> Request has boen granted and ground crew has prepare Skyzer with need paylosd
.
<<CallbehaviorAction>> <<CalBehaviorAction>>
A UAV Operator posiion the UAY for take off from ground station UAV takes off toward ship with payload in place.
<preprerorTakeoft> <tasectts
]
&
<<CatBehaviorAction>>
<<CalBehaviorhction>> ) UAVioters for 10 mins before request is granted as the ship prepares for UAV landing.
UAV operator sends signal to ship wth notifiation of amival and request for landing <ottshe>
<<CallBehaviorAction>> = <<CatBehaviorhction>> | __y <<CailBehaviorAction>>
Stip Crew unioads UAV pay load and prepares UAV for next mission S Crew loads next payload on the UAV for return fight off Ship
<<CalBehaviorAction> > <<CallBehaviorAction>>
<<CallbehaviorAction> > | UAV s slow to lang and prepares for landing UAV lands on base and completes mission
< UAV arrives at base waiting for authorization to fand <ndtome> <compite>
-
-

67%

UAV Travels waypoints to get to ship destination <<CallBehaviorAction>>
<newrshp:

<<CallBehaviorAction>> : UAV lands <<CalBehaviorAction> >
on Ship

<<CallBehaviorAction>>
Skyzer crew prepares the UAV for take off from Land

UAV arrives to ship destination

AV Operator power down UAY

<<CalBehaviorAction>>

UAV follows return fight path to return to base
<overtiome

auto(VariableStepDiscrete)




Inputs Qutputs
Full-order model CFD/CAE/FEA Al-Based Ambent Temperaure g @3 B ttax Displacoment
Data-driven Cooling Temperature

Al model

Reduced order
model

Linearization

-
Grid of trim points Array of State-Space systems

Loop through the grid
of trim points

Identify local model at
«each trim point

High-Fidelity Model

Simulink
Simscape Multibody
Model-based Control System
Toolbox

Model evolution and reuse
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Model evolution and reuse

High fidelity 6DOF + engine
angles + fuel slosh + bending j
modes
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Model Identification Card
as a way to capture how
and why a model should
be reused.

6DOF-HiFi MIC

Owner: ...

Model Type: ...
Model Domain: ...
Configurations:

w2

“ModelBot, how can |
know if my vehicle will
be stable if | make it
longer and lighter?”
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Thank you!

<} MathWorks

Model-Based Systems Engineering






