MATLAB EXPO 2018

Progettazione meccatronica per
sistemi avionicl

Aldo Caraceto



Key Points

4\ MathWorks

W
Speed
<:> Control
: Slm_ulatlng the system in one 'E - =1 K | Ki
environment enable to design = @ 0621029
higher quality controls
fz pr fzp iz
= Testing different actuator designs, SR S [T p— I |-
having different levels of detail, op |@ 4 | =
. . . Ml . | 144414
in one environment saves time oo b e kYo i
and encourages innovation Lk - R 3
Motion Hydraulic Electric

= Plant model supports the
entire development process

MATLAB EXPO 2018

Configure Real-Time Generate Tune
Model Hardware C Code Parameter




&\ MathWorks:

Agenda

Example: Flight actuation system
— Benefits of Model-Based Design

Actuator design
— Link requirements and design
— Modeling the mechanical system
— Determining actuator requirements
— Tradeoff studies

Optimizing system performance
— Tune controller automatically

Model deployment
— HIL testing
— Protecting IP
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Example: Aileron Actuation System

= System
Desired Angle ) Actuator Force i
P[ControllerJ
Measured
Angle

= Simulation goals
1. Determine requirements for actuation system

2. Test actuator designs
3. Optimise system performance
4. Run simulation on real-time hardware for HIL tests
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Aileron Actuation System — Simulink Model
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Traditional Design Process

REQUIREMENTS _ _
Cannot validate design

Eﬁ Eﬁ Eﬁ i against requirements

\{
DESIGN

fop oo

Mechanical

Cannot test or optimize

H | | fully integrated design

Electrical

=

Control

Can only find problems
using hardware prototypes

A

IMPLEMENTATION

Manual coding is slow,
Emb. Code buggy, and hard to verify J
v

INTEGRATION AND TEST
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Model-Based Design

R REQUIREMENTS |
k—LnLjA Ej Detect errors right away
B m— with continuous verification
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simulation environment
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T Control Electrical
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ny ¢ = Save time/increase quality
— L e by automatically
Emb.‘Code HIL System | generating embedded code |
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»  INTEGRATION AND TEST Simscape
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Example: Flight actuation system
— Benefits of Model-Based Design

Actuator design
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Model deployment
— HIL testing
— Protecting IP
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Situation: T

Aileron System Req. - ] ‘/vv 4 Requirements 1. “Mechanical System Requirementsh

1. Mechanical System > DeSign Verifier

Hayout Add link to Word selection

LE,C.- _— Add link to active Excel cell
b ‘

Part Numbers

N
N

H ©- 0 L - = Aileron Actuator Require..  Steve Miller — |

File H0me| Insert | Draw | Design | Layout | Referenc | Mailings | Review | View| "L:'-" Tell me

Problem: Difficult to check

design against specification. Requirements

Solution: Link design and specification _ | @
using Simulink Requirements 1. Mechanical System Requirements
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Problem: Model the mechanical

&% Mechanical

SySte m Wlth I n Si m u I i n k B-Connection Frames

4

Solution: Import the mechanical model
from CAD into Simscape Multibody
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Determining Actuator Requirements

Aileron Angle
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Problem: Determine the requirements

for an aircraft aileron actuator @m m@
: . - - P(u) —B [
Solution: Use Simscape Multibody to o DW%_
model the aileron and use inverse qCmd A r
. : . ngle to Ext Cyl_Actuator1
dynamics to determine the required force
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Determining Actuator Requirements
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Determining Actuator Requirements

Aileron Angle
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Testing Electrical and Hydraulic Designs

Problem: Select type of actuator
based on system-level requirements

Solution: Use Simscape Fluids and

Simscape Electronics to model the actuators,

and variant subsystems to test them
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Testing Electrical and Hydraulic Designs
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Testing Electrical and Hydraulic Designs

Problem: Select type of actuator
based on system-level requirements

Solution: Use Simscape Fluids and

Simscape Electronics to model the actuators,

and variant subsystems to test them
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Adjusting Fidelity Using Simscape Electronics Components

Semiconductors

Full I-V and capacitance characteristics

=  Switching and — . .
. . . o 5 Simplified |-V characteristics and event—basect‘;,l N
signal amplification 1@2 |

— Parameterize with data sheets |N-Channel N-Channel Parameterization: -
) . . MOSFET IGBT Specify using equation parameters directly ~| =
— Simple and detailed variants Specify from a datasheet 3

= Thermal effects d
— Effect on behavior —H|2= }‘\—HDL@ Parameterization:

— Heat transfer to environment Heat None - Simulate at measurement temperature ~
Traﬁzfer ACIERIE Model temperature dependence h

MOSFET |

- Measure power losses

>> elec_getPowerLossSummary (solar converter simlogqg)

LoggingNode Power .
G DI |G D3
E] E 'elec_solar converter.D1l' 0.96137
MOS1 MOS3 'elec solar converter.MOS1' 16.173
MQTLQB | | I | .-..‘-.._.-...-..'I ﬂ-._n..-.“--...-_-l-.—.- L Y. faYalal| L T | O A

Subset of libraries

View Display Diagram Simulation Analysis Code ook Help
B
n@ n@ -@
=

N-Channel N-Channel JFET NPN Bipc
MOSFET Transist

€ Q «

P-Channel P-Channel JFET PNP Bipc

MOSFET Transist
a —o
1@ 1% :

o o ﬂ~|H
. 1,
SPICE NN

N-Channel Thyristor

IGBT

B L
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Adjusting Fidelity Using Simscape Electronics Components

Motors

= Translational and
rotational actuators

— Parameterize with data sheets
or with data from FEM software

— Specify electrical losses

= Thermal effects
— Temperature dependent behavior

.Pgﬂ

& F &)

Y
an @ o
Servomotor FEM-Parameterized Piezo Stack .
PMSM
Parameterization: Parameterize losses by:

By equivalent circuit parameters ~| |Single efficiency measurement ~
By motor ratings k- Il Tabulated loss data 3

M Heat
Transfer

— BRK G}H 5 < Armature
— Heat transfer to environment | ey
= Include or neglect switching effects pwn 9 1
Simulation mode: FBridge ’ ShunfMOtor N -
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Adjusting Fidelity Using Simscape Electronics Components

Sensors

= |ncludes electronic, thermal,
and mechanical sensors
— Analog and digital
— Parameterization options

— Include or neglect
sensor bandwidth

= Test effects of
sensor damage or failure
on system performance
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Sensitivity parameterization:

Specify measured current for given flux density ~

Specify current per unit flux density k
Dynamics:
No dynamics - Suitable for HIL ~
Model sensor bandwidth K
Body
. . Accelerometer
Mass
+ ;4 -— Enable fault: m
o 6—R I(%) > F#X[> Yes k
Backlash T

T Fault

DOBEE LES e R
T
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Subset of libraries
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Adjusting Fidelity Using Simscape Electronics Components
Op-Amps and Logic

- Behavioral models T
for fast simulation OPA LM741A

— Similar behavior to models b_, o D>

Band-Limited Comparator

Subset of libraries

B 4B ® ¥

[

with transistor implementation

l _ Op-Amp
— !Enableg testing of larger circuits o SXHN '+><z5§:
In less time r oo L | D
)
D>

Operational

o Transconductanc
Multiplier

Use models to perform s rreer
: : L - - D
hlgh_level deSIgn @—‘ o CMOSAND CMOS XOR CMOS N
— Avoid nonlinear effects -
during normal circuit operation ] D D @
{5 >—— * CMOS NOT CMOS Buffer Schmitt Tr
R NAND 2
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Adjusting Fidelity Using Simscape Electronics Components
Passive Devices

>vF- s ] )
: Subset of libraries

= Linear and nonlinear devices ==\ e
. uW—/[\ x <
— Enable physical effects

1
elg 8320
Edit View Display Diagram Simulation Apalysis Code Jooks Help
Potenti t MNonlinear Inductor SPDT Switch
otentiometer 4 sAM-e s AMARS ?

]
Noise mode: |Disabled ~| ~ Parameterized by: - Resistor g
Enabled k Single saturation point =l g Potentiometer  Transmis
Magnetic flux versus current characteristic S - l>f—\_ H
Magnetic flux density versus field strength characteristic with hysteresis k e

. . . . Capacitor  v/riable Capacitor }
= Specify operating limits —. @ " j

Tolerance application: Enable operating limits: m

and t0|el’anceS None - use nominal value - Yes h Fuse incandescent Lsmp T:;?::;:
L. . Random tolerance
— Model realistic behavior Apply maximum tolerance value YL gc\q 1|:
Inductor Nonlinear
Inductor Crys
« Test effects of component failure SIS e B
P e T

"
>
v a

on system level performance >
— Fault modeling Fault
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Agenda

Example: Flight actuation system
— Benefits of Model-Based Design

Actuator design
— Link requirements and design
— Modeling the mechanical system
— Determining actuator requirements

— Tradeoff studies

Optimizing system performance
— Tune controller automatically

Model deployment
— HIL testing
— Protecting IP
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Optimizing System Performance

Aileron Angle

Angle

Current

0 2 4 6 8 10

Problem: Optimize the speed

controller to meet system requirements K.
Kp i
Solution: Tune controller parameters W
+h Simulink Desian Obfimirat 0.62 | 0.29
with Simulink Design Optimization Speed
Control
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Optimizing System Performance
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Optimizing System Performance

Aileron Angle

Angle

Current

0 2 4 6 8 10

Problem: Optimize the speed

controller to meet system requirements K.
Kp i
Solution: Tune PID parameters with W
simulink Control Desi 0.62 | 0.29
iImulink Control Design Speed
Control
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Agenda

Example: Flight actuation system
— Benefits of Model-Based Design

Actuator design
— Link requirements and design
— Modeling the mechanical system
— Determining actuator requirements
— Tradeoff studies

Optimizing system performance
— Tune controller automatically

Model deployment
— HIL testing
— Protecting IP
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Configuring a Hydraulic Actuator

for HIL Testing

Model:

Variable step, implicit solver (Reference)

; Numerically
_-" Stiff System

l ) {; ---------- \‘s@
—| Control f—] | i %

Problem: Configure solvers to

minimize computations and convert

to C code for real-time simulation

Solution: Use Simscape local solvers

on stiff physical networks and

watmulink Ceder™ to generate C code

Comparing Simulation Results

20

10

Results
[

-10

20 [

Reference
m— Fixed-Step
Real-Time
Modified

[ Configure ]

Model

Generate
C Code

. N\
Real-Time
. Hardware |

2 4 6 8 10
Time (s)

@Use local solver
Solver type Backward Euler ~

Code
L/C++ Code ¥ Y Build Model Ctrl+B m

L] =i

Vs

Tune

L Parameter

| ‘Enmpile—time '!
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Sharing Models and
Protecting Intellectual Property

Situation:
Aileron_Syste
N Force Share o rce O
el Error :

—Angle Angle v'Simulate

'-' Physical System| Pryeical System v'Change parameter values

'y f——— o | 2 TR-—————- v'Does not require licenses

C o 1P :
R ::'B— ! 4 OtGCte : for Simscape add-on products

: : : lemmmm - ’ v'Source code protected

Model using Simscape

and add-on products DM del sl

oqQae SiX
Problem: Share a component or library with jRef Model  slx
others that does not expose the source code.

: >> Simulink.ModelReferemnce.protect
Solution: Use the Model Reference @ g
Protected Mode from Simulink Component /@ Ref Model.slxp
to protect intellectual property Protected
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