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Key Points

▪ Create intuitive models that all 

teams can share

▪ Simulate system in one 

environment to

– Perform tradeoff studies

– Optimise system performance

▪ Test without prototypes

Requirements

1. Mechanical System

Tune

Parameter

Generate 

C Code

Real-Time 

Hardware

Configure

Model
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Agenda

▪ Example: Flight actuation system

– Benefits of Model-Based Design

▪ Actuator design

– Modeling the mechanical system

– Determining actuator requirements

– Testing Electrical and Hydraulic Designs

– Tradeoff studies

▪ Optimizing System-Level Design

▪ HIL testing
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▪ System

▪ 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

Example: Aileron Actuation System

Controller
Desired Angle

Measured

Angle

Actuator Force
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DESIGN

Traditional Design Process

INTEGRATION AND TEST

Emb. Code

IMPLEMENTATION

REQUIREMENTS
Cannot validate design

against requirements

Manual coding is slow, 

buggy, and hard to verify

Can only find problems

using hardware prototypes

Control ElectricalMechanical

Cannot test or optimize

fully integrated design
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DESIGN

Model-Based Design

INTEGRATION AND TESTINTEGRATION AND TEST

IMPLEMENTATION

Emb. Code

IMPLEMENTATION

HIL System

REQUIREMENTS
Cannot validate design

against requirements

Manual coding is slow, 

buggy, and hard to verify

Can only find problems

using hardware prototypes

Save time by automatically

generating embedded code

Detect errors right away 

with continuous verification

SYSTEM LEVEL DESIGN

Control ElectricalMechanical

Cannot test or optimize

fully integrated design

Optimize design in a single 

simulation environment
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using HIL tests
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Agenda

▪ Example: Flight actuation system

– Benefits of Model-Based Design

▪ Actuator design

– Modeling the mechanical system

– Determining actuator requirements

– Testing Electrical and Hydraulic Designs

– Tradeoff studies

▪ Optimizing System-Level Design

▪ HIL testing
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Modeling the Mechanical System

Problem: Model the mechanical 

system within Simulink

Solution: Import the mechanical model 

from CAD into Simscape Multibody

System:

Aileron

Angle

CAD

Simscape

Joints
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Requirements

1. Mechanical System Requirements

Link Specification and Design

Problem: Difficult to check

design against specification.

Solution: Link design and specification 

using Simulink Requirements

Situation:

Part Numbers

Aileron System Req.

1. Mechanical System  

Layout

1. “Mechanical System RequirementsRequirements

Add link to Word selection

Add link to active Excel cell

Design Verifier
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Determining Actuator Requirements

Problem: Determine the requirements 

for an aircraft aileron actuator

Solution: Use Simscape Multibody to 

model the aileron and use inverse 

dynamics to determine the required force

Model:

Aileron

Angle

Force
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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

Model:
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Balancing the Tradeoff of Model Fidelity

and Simulation Speed

Problem: Add implementation details to 

the model and test system performance

Solution: Use Simscape Electronics to 

add analog circuit implementation and PWM

Model: Current

Current

Control
Speed

Control

ω
i

Averaged PWM

1
s

Simulink Circuit

ω i
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Model Custom Physical Components

in Simscape

Problem: Add custom equation

to model thermal effect on resistor

Solution: Use MATLAB and Simscape 

to model the component.

Model:

Temperature

250K – 350K

✓MATLAB based

✓Object-oriented

✓Define implicit equations

(DAEs and ODEs)
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Extend and Create Libraries

Define the physical network 

ports for the Simscape block

▪ Reuse existing physical 

domains to extend libraries 

▪ Define new physical domains
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Define User Interface

Parameters, units, default values, 

and dialog box text are all defined in 

the Simscape file (extension .ssc).
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Leverage MATLAB

Use MATLAB functions and expressions 

for typical physical modeling tasks:

▪ Analyzing parameters

▪ Performing preliminary computations
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Create Reusable Components

Equations defined in a text-based language

▪ Based on variables, their time 

derivatives, parameters, etc.

▪ Define simultaneous equations

▪ Can be DAEs, ODEs, etc.

▪ Assignment not required

▪ Specifying inputs and outputs not required
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Estimating Parameters

Using Measured Data

Problem: Simulation results

do not match measured data

because model parameters are incorrect

Solution: Use Simulink Design Optimization

to automatically tune model parameters

Model:

R = Resistance

L = Inductance

J = Inertia

B = Friction

K = Back EMF Constant

R L J K B

3 0.01 0.01 0.02 0.5

R L J K B

4.03 1e-4 0.11 0.45 1.07

DC Motor

Motor

Servoamplifier

+
-
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Estimating Parameters

Using Measured Data

▪ Steps to Estimating Parameters

1. Import measurement data and

select estimation data

2. Identify parameters and their ranges

3. Perform parameter estimation
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Parameter Sweep Using 

Parallel Computing

Problem: Measure degradation in system 

performance as supply pressure drops

Solution: Use Parallel Computing Toolbox

to speed up the parameter sweep

Model:

Multi

Core

Control

Fast Restart
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Parameter Sweep Using 

Parallel Computing

▪ Steps to compare simulation methods

1. Open pool of MATLAB sessions

2. Generate parameter sets

3. Run simulations serially

4. Run simulations in parallel

Parameter Set 1

Parameter Set 2

Parameter Set 40

…
>> parpool 2

Kp_array = [0.25:0.5:19.75];

Generate_Sim_Settings

simOut = 

sim(simInput,'ShowProgress','on','UseFastRestart',

'on');

simOut = 

parsim(simInput,'ShowProgress','on','UseFastRestart

','on','TransferBaseWorkspaceVariables','on');

Multi
Core
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Agenda

▪ Example: Flight actuation system

– Benefits of Model-Based Design

▪ Actuator design

– Modeling the mechanical system

– Determining actuator requirements

– Testing Electrical and Hydraulic Designs

– Tradeoff studies

▪ Optimizing System-Level Design

▪ HIL testing
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Optimizing System Performance

Problem: Optimize the speed 

controller to meet system requirements

Solution: Tune controller parameters 

with Simulink Design Optimization

Model:

ω

Angle

Current

Current
Control

Speed

Control

i

ω

Speed

Control

Kp Ki

0.3 0.3

Kp Ki

0.62 0.29
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Agenda

▪ Example: Flight actuation system

– Benefits of Model-Based Design

▪ Actuator design

– Modeling the mechanical system

– Determining actuator requirements

– Testing Electrical and Hydraulic Designs

– Tradeoff studies

▪ Optimizing System-Level Design

▪ HIL testing
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Configuring an Electrical Actuator

for HIL Testing

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 

Simulink Coder™ to generate C code

Model:

Tune

Parameter

Real-Time 

Hardware

Generate 

C Code

Configure

Model

Variable step, implicit solver (Reference)

Numerically

Stiff System

Controller
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Key Points

▪ Create intuitive models that all 

teams can share

▪ Simulate system in one 

environment to

– Perform tradeoff studies

– Optimise system performance

▪ Test without prototypes

Requirements

1. Mechanical System

Tune

Parameter

Generate 

C Code

Real-Time 

Hardware

Configure

Model


