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Agenda

= What is Physical Modeling? Why use Simscape?

- Landing Gear Modeling
— Landing Gear Mechanism Modeling
— Refine requirement and optimize mechanical design
— Analyze hydraulic actuator designs

= Test system in various situations
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conditions are

too difficult
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only get
one chance
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Why use Simscape?

Makes modeling easy
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Slmscape handles
tions automatically
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Simulink Simscape

— ¥*
l:"Spring — kSpring (zCar)

— * ZCar
Fshock = Pshock *(—; )

2
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Simscape handles
equations automatically

— %
FSpring — kSpring (ZCar o ZWhl)
dz dz
— % car Whi —p - |_|
Fshock = bShock ( dt  dt ) - Wb 1/s > 1/s |
2 Mass1
d“Zcar . _FSpring — Fsnock Mass 1
— Spring1 Damper1
dt? m
Car
dz D 1
—_ % % car amper
FTire — kTire (ZWhl) + bTire ( dt ) \k|‘
2 .
A“zwnt _ Fspring t Fsnock = Frire Spring 1

dtz B Mcar



Simscape Summary

= Enables physical modeling (acausal)
of multi-domain physical systems

« Simscape platform
— Foundation libraries in 8 domains
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_ Simscape _
MATLAB & Slmulmk )
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Simscape
Mechanical Hydraulic  Electrical Therma|

i IS S Y

Thermal Pneumatic Magnetic Mechanical
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Custom Domains (Simscape Lcmguage)
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Simscape Summary

= Enables physical modeling (acausal)
of multi-domain physical systems

« Simscape platform
— Foundation libraries in 8 domains

— Language for defining custom blocks
= Extension of MATLAB

— Simulation engine and custom diagnostics
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_ Simscape _

MATLAB & Slmullnk

Simscape

Mechanical Hydraulic  Electrical ~ Thermal

A A
W |
Lossy
Ultracapacitor
equations

i == (CO0 + Cv*ve)*ve.der + ve/Rd;
v == wvc + 1*R;
end

J
f 2

[ ustom Domains [Simscope [anguage




Simscape Summary

- Enables physical modeling (acausal)
of multi-domain physical systems

« Simscape platform
— Foundation libraries in 8 domains

— Language for defining custom blocks
= Extension of MATLAB

— Simulation engine and custom diagnostics
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&\ MathWorks

¢ §7°

_ Simscape _

MATLAB & Slmulmk

. Block Parameters: Spring2

Translational Spring

Source code S
Settings

Parameters | Variables

x5

The block represents a mechanical linear spring.
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3

./, Editor - C:\Program Files\MATLAB\R2016a._.. El- ) Ly
7 - - ([

| springssct | 4 | ny Mass1
Z4 ) —-— Sndnart
o5 equations ! < bl
26 v = x.der; / _
27 f = spr rate * x; “L\‘
2g end ape Luiy
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Create Reusable System-Level Models

f

AT Simscape

Fortran, C++ 4
‘ Domain Expertis> Coding Effort >

MATLAB, Simulink
-Domain Exper% Coding Effort>

\_

System
Model

Models are easier to understand, reuse,

and share with others
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Optimize Your Entire Engineering System

f

Multidomain

Mechanical

Hydraulic

Electronic

kPower Systems

Simulate the entire system In a single environment

Simscape

Multibody
Driveline

Fluids

Electronics

Power Systems

Domain Exp.

Coding Eff.

Domain Exp.

Coding Eff.

Domain Exp.

Coding Eff.

Domain Exp.

Coding Eff.

Domain Exp.

Coding Eff.

Domain Exp.

Coding Eff.

4 Plant R
Model

\_ J

- Does not require learning multiple tools or co-simulation

4\ MathWorks
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Simscape Summary

- Enables physical modeling (acausal)
of multi-domain physical systems

« Simscape platform
— Foundation libraries in 8 domains

— Language for defining custom blocks
= Extension of MATLAB

— Simulation engine and custom diagnostics

= Simscape libraries

— Extend foundation domains with
components, effects, parameterizations

— Models can be converted to C code

(@ | )| Lo X

Sl;c;}rhelﬁ:s Electronics| Fluids |Multibody| Driveline

¢ I S22 1 §¢2 | §2 1 §°

_ Simscape _

MATLAB & Slmulmk
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Algorithm Physical System
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—» Error Voltage —» +
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Agenda
« What is Physical Modeling? Why use Simscape?

- Landing Gear Modeling
— Landing Gear Mechanism Modeling
— Refine requirement and optimize mechanical design
— Analyze hydraulic actuator designs

= Test system in various situations

24



Landing Gear System

Physical Model

—b[Controller

Main Actuator

&\ MathWorks

Lock Actuator
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Landing Gear Mechanism Modeling

If possible, break down a big problem into “smaller”(i.e. more manageable) problems
*** Use a “divide and conquer” approach ***

4\ MathWorks
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Landing Gear Mechanism Modeling
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Understand the underlying mathematics/physics of the problem
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Landing Gear Mechanism Modeling
We need to “extend” the approach
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Simscape Products
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Landing Gear Mechanism Modeling

r
Py SMuink * - Simulink

File Edat

l 57117'&

Digplay  Duagram

Simulation

Anadyus

T
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PalsMuink

GROUND

Rotational
Joint

OEmUEe

BODY1

BODY?2
Rotational
Joint

o
vi@E

= B 8 |}k Machanics Explorers - Mechanics Explorer-SMLink =8| &
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"
Bl Simulink Lidrary Browser [E=EO!
) excration vy rOr e Q
Simscape

Mock Prediictive Contral Toob
Neurd Network Toolbox

Pp

Instrument Contral Tookox ‘

@ @ |

Can manually create and combine any
number of bodies and joints...

= i

s

-

Smulri 20 Anmation
Smulnk Codar

Smuinik Control Desion
Simuink Desgn Optimization =
Sirwlink Desgn Varifier

Simuink Desktop RedkTime
Smulni Extras
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Sinuink Support Package for F
Simulnk Tast
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Stateflow

Systern Identification Tookbox
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Landing Gear Mechanism Modeling

= Automatically create SimMechanics models from a CAD assembly

— Converts mass and inertia to rigid bodies
— Converts mate definitions to joints

— Creates STL files for use with SimMechanics visualization
= Directly connects SolidWorks, ProEngineer and Inventor

CAD

¥

ZAX
-

Trimetric

[ @ — & 3%

Simscape Multibody Link |

Expor
3

e

F—

e S .
s
bogie_2_RIGID

i

Revoluted tyreswheels_1_2 RIGID}

F

F—~

F

Revolute? tyreswheels 1_1_RIGID
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Landing Gear Mechanism Modeling

P LG_MA - Simulink

File Edit ‘iew Display Diagram  Simulation  Analysis  Code  Tools  Help
-5 -8
State Targets
Internal Mechanics
= Actuation
Torque {Mone
Motion
=l Sensing

Poczition
Welocity
Acceleration []
Actuator Torque

‘ ‘ Braces!
g %‘)s} I _
4
2 e Prismatict | "
=k

» Landing Gear Input

Feady
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Optimizing System in Mechanics Actuator Dimension Constraint

Model:

Maximum Lock Force
12000

8000

: 6000
m——— Test Point 1

s Test Point 2 4000

=
@
=
o
LL
L
[&]
o
-
=
3
E
=

2000
[ 10 15 20 25 30

Position on Side Stay Lock Linkage (cm)

— Te:st Point N

Problem: Evaluate lock linkage connection Control
points to find optimal location that meets Physical

Landing
Gear Model

requirements ‘
. : : _ Iterate
Solution: Parameterize Simscape Multibody ™ faster \ Simulate ‘
model and automate tests using MATLAB® Cha |
New Parameter | €onnection Point ‘

Values 33
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Optimizing System in Mechanics

Model:

Problem: Determine size requirements for
hydraulic actuator

Solution: Use Simscape Multibody to determine
hydraulic force and power required for prescribed
motion

Lock Actuator Force (N)
0

-500

-1000

-1500  Ben)

Lock Actuator Power (W)

Frizsmatic
Joint
F Q—LE
—& Zgl=s
[}
Cylinder :JV "'
53
(1 p»s P5|>—(: : .
Cmd -l Actuation
m Lock .
Force |Automatically Computed «
Mation|Provided by Input v
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Reviewing Simulation Results
Logging Simscape Variables

= All variables automatically logged
to MATLAB Workspace

— Structure based on model hierarchy
— Values, time, units

= Only use sensors when

4\ MathWorks

Data Logging

Log simulation data:
|| Log simulation statistics
Workspace variable name: simlog
Decimation: 1

Limit data points

Data history (last N steps): 5000

signals are necessary —aV{ O ——<2 0
— Scopes _ff H Pipe1 A B
— Feedback signals — h A=zB-
s B A
— Pipe 2 Convection
- Spend more time analyzing, Valve Chamber

less time simulating

>> simlog.Pipe 1. A.p.plot;

35
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Reviewing Simulation Results
Simscape Data Logging

= Log Simscape results to MATLAB workspace
— Log all or only selected blocks
— Variables, zero-crossing statistics

= Review results in Simscape Results Explorer

— EXxplore results in tree view

— Navigate between model and results

Fewer blocks in model,
efficient analysis

| View simulation data

]

Data Logging

Log simulation data:
' Log simulation statistics

1 Open viewer after simulation

All y

None
Use local settings »

Workspace variable name: simlog

ry Simscape Results Explorer: ssc_dcmotor

File Edit View Insert

Tools Desktop

Inertia

¥ ssc_dcmotor
El @ DC_Motor
. ¥ Friction
26
Y aid B
- w

< | ; 1

— Source: Ineftia

>> sscexplore (simlogqg) 36

Window Help
. . x 107 | t
3
S0 — Va —
-5 : :
= 0 0.05 0.1
w
3000 -
@ 2000f —
K|
@ \
| = 1000 | \
0 ' =
0 0.05 0.1
Time (s)




Simscape Logging

= Use local settings option
added to selectively log
simulation results

= Select results to log
per block via right-click

{5 Configuration Parameters

Select:

Simscape

Data Logging

Log simulation data:

one ]

None
Log simulation statistics Al
Open viewer after simul ik

Simscape

Log simulation data %

View source code

View simulation data

&\ MathWorks
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Simscape Logging in Simulink Data Inspector

= Simscape results can be imported
directly into Simulink Data Inspector
— Import simlog
— Can navigate from SDI to model

4\ MathWorks

4\ untitled* - Simulation Data Inspector

VISUALIZE

&Impurt ECIear Plot -
7 Export | 2 Delete v

I:I'}I New
| 7| COpen
Save -

COMPARE FORMAT

B4 Overwrite
{5 Run Options

FILE | EDIT |

@EGrnup Signals

Comparisons

ssc_decmotorDC MotoriRotational Electrome.

s5¢c_dcmotor/DC Motor/iRotational Electrome. .

s5Cc_dcmotor'DC MotoriRotational Electrome. ..

ssc_dcmotor/DC Motor/Rotational Electrome...

W s5c_dcmotor/DC MotoriRotational Electrome. .

Al s5c_dcmotor/DC MotoriRotor Resistance R
W ssc_dcmotor/DC MotoriRotor Resistance R
" ssc_demotorDC Motor/Rotor Resistance R
W s5¢c_dcmotor/DC MotoriRotor Resistance R

Block Path ssc_dcmotor/1.5V

Port 0

Dimensions 1,11

Channel 0

Run Run 2: Imported_Data

Absolute Tolerance 0

=N R %
a
gaa @
- S c
=) EF Data Cursorg Highlight TLIEE | rEl e
- in Model v b
| 0.40
+
0.25
0.20
0.25
I 0.20
0.15
0.10
I 0.05
]
0.00 0.0% 0.10 0.15 0.20
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Zero-Crossing Statistics

= Log zero-crossing statistics
for Simscape networks
Shows when ZCs occur

Can help indicate location
of simulation bottlenecks

equations /
if (abs(w) <= vel thr)

% Linear region
t == brkwy trq th * w / vel thr;
elseif w > O
t == visc _coef * w + Col_trqg + !
(brkwy trqg - Col trq) * exp (-1
else
t == visc coef * w - Col trq -
(brkwy trq - Col _trq) * exp(- 1
end
end

Data Logging

Log simulation data: all =

v| Log simulation statistics

Workspace variable name: simlog
Simscape data logging explorer. ssc_pneumatic_motor_and_valve E@
File Edit View Insert Tools Desktop Window Help B
Ddde | RRTDEH- (S| 0E O
\@ @ Crossings
1 :
ﬁ_ ssc_pneumatic_motor_and_valve <
+ﬁ Directiona|_5_way_\.fa|\.fe . 08 PR ........................
= ® Fiiction Load =P I —
8 C =4 5
+g R . § Db ..................... ]
—-@ SimulationStatistics S :
. 02 Fooo B R SRR
—I-8 zc 0 :
. @ crossings 0 ;
| 9 0 5 10
- @ values :
9 Time (s)
@zl walues
- D crossings 100
- @ values
—-@ zc 2
- @ crossings
- @ values i

Statistics for selected node:

id: zc 0

Mumber of time steps: 1187
Number of descendants: 2

Mumber of descendants with data: 2

Time (s)

&\ MathWorks
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Sparkline Plots for Logged Data

[Diag[am]
Simscape * |  Toggle Sparklines When Clicked

= Quickly scan simulation results Remove All Sparklines

directly on model canvas
1. Click to show plots

2. Cursor shows values —AN\ N Y e
3. Select variables
4. Direct link to plot variable in 5.

Simscape Results Explorer
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Landing Gear System

Hydraulic Actuator

1\

—b[Controller

el |

=
L
1

N

4
N

\_

4\ MathWorks
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@ Extension | B e ]

Modeling Hydraulic Actuation System flo Toos view Simubten by :
@-A0P® = Q-E-F&-

Model:

-
P hydraulic_actuation_dacyl_4way - Simulink

Eile Edit Wiew Display Diagram  Simulation 4[5
Bee - (3 - ae © -

heydraulic_actuation_dacyl_dway |

® | P brpdraulic_actuation_dacyl_dway

Feacy T=10.000

& . B .

RWe——+
Ed A 8

—HT1S—
= Double-Acting Mass

Hydraulic Cylinder e L
== simlog Relief_Vale A p.plot; __W b
= | 4Way Directional F'—'i="|:'_5.5_—l*|:I
|:| ‘E L Valve Extension
/\/ g |
Problem: Model a hydraulic actuation snsave p

3 = Relief
F Valve

system within the Simulink environment deat Anguiar % 3

. Velocty Source ‘E o Fixed—ligiil’lapcemem |
Solution: Use Simscape Fluids o = e gy
to model the hydraulic system »
Feady 1008 odelSs
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untitled

&

|*&| untitied

excitation

»vJvlaw (2
e

Simscape/ Fluids/Hydraulics (Isothermal)/ Valves/Pressure

Control Yalves

Electronics
4 Fluads
Fluid Network Interfa
4 Hydraulics (Isotherma
Accumnutators
Hydraulic Cylinders
Hydraulic Utilities
Local Hydraulic Re
Low-Pressure Bloc
Orificas
Ppelines
Purnirs, and Motor
‘u"alve‘f'f
Thermal Liquid
Muttibody
Power Systems
Simulink 30 Animation
Simulink Coder
Simulink Control Design
Sirnulink Design Optirmization

Sirmulink Desian Verifier
- :

Xa
Ba
Yo
Pressure Compensator
P -
0¥
Pressure Reducing
3-Way Valve

4

3

Pressure Reducng
Valve

<
4

B

Pressure Relief
\alve
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Modeling Hydraulic Actuation System

Model:

Pel ol A

Problem:
Model a custom four-way directional valve
within the Simulink environment

Solution:
Use Simscape Fluids to model the four-way
directional valve

< o
— Custom
Hl = Xl Valve
¢ ¥
S

AT

44
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Hydraulic Actuator Modeling

Model:

Problem: Include the hydraulic axial
forces on the spool to add more fidelity

Solution: Use SimHydraulics to include
the hydraulic forces on the spool

Main Column Angle (deg)

100
U E
-100*t .
0

5 10 15 20 25 30 35
Lock Actuator (Pa)Cylinder A

10 15 20 25 30
Lock Actuator (Pa)Cylinder B




Refine Main Actuator Requirements

Model:

Small

Medium

Large

]
s |\]ain

Problem: Determine main actuator and
pump size requirements

Solution: Use Simscape Fluids to model
lock actuator and Simscape Multibody to
determine main hydraulic force and power
required for prescribed motion

&\ MathWorks

Main Actuator Force (N)

X 20
Yo -T.722e+04

5 10 15

Main Actuator Power (W)

4000 ; . ;
3000
2000
1000
0

1000 -
C

H= [3-FB F
al m
F Lock
E‘-ElE Cylinder
51 Lock

Main ~a
. v S Piston
Cylinder J . Ry J
SPS >(p 53 Main
Cmd MWan L—~ f[:a[:- Pistan

Mation
Hy draulic Cyllnde

Lock actuator
(Hydraulic) 46

Main actuator
(Prescribed Motion)
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Agenda
« What is Physical Modeling? Why use Simscape?

- Landing Gear Modeling
— Landing Gear Mechanism Modeling
— Refine requirement and optimize mechanical design
— Analyze hydraulic actuator designs

= Test system in various situations
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Before system-level test with physical model,

1) Merging controller with physical model

r
Py Landing_Gear_System - Simulink

Eile Edit Wiew Display Diagram  Simulation  Analysis  Code  Tocls  Help
- - BG-=H- @GP o [T o - @t~
Landing_Gear_System |Input |
® Land\ng_Gear_System » -
a —

v > pienioing]
= !

: SimulationSco
= sw r'JI RT }—-} - ! pe
Rate Transition2 cmd Meas In1

Input N N
i put -

Rate Transitiol - -
Wing Landing Gear
RT |«

L= 7
- Rate Transition
[-H
»
Reachy 113% odel

4\ MathWorks

or

Fcadal Hars

Model

5 Lnding_Gear_Ctrl - simudink = |

Ble Edt view Disply Diagpm  Smulton  gnabyas Code Jols Help

H-o-f e He-B-Rwg@P = [ »@ - -
s Landing_Geor_Co
ﬁ Landing_Gear_System - Simulink & [Fltanang_com i b -
File Edit Wiew Display Diagram  Simulation  Analysis  Code Tocls ;
IS = =
T8 <« s @ -EH- = N
- L Cma L+ i1 G Mondoring
Landing_Gear_System > |Input 4 | En L — _ Montoring
& Landing_Gear_System ¥ . -
& anding_Gear_Jystem oz o2 -
Control Coardinator Meas CM Crma__2 Crmd
@n Contraller Fitering/
Merging
E3 : -
ref_Sw Monij 2
= »
Ready 1108 FixedStapDiscrate
=] Landing_Gear_Cfrl r SO T
sw s e Montoring ‘g?’_\ S
Rate Transition Cmd o \eas In1
Input
O P
Wing Landing Gear
RT |«
il
. Rate Transition
»
Reachy 113% odel
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Before system-level test with physical model,

1) Merge controller with physical model

Or 4 Model Mamea N

Model

[

2) Add >m—ml—lmi> to a point where sample time changes

Fate Transition

3) Use P|=gP to convert Simulink signal to Simscape signal
PS-Simulink
Converter

affeat (such as termperature units),

Parameters

4) Don’t forget to set unit of a converted signal

Output signal unit: rad|

rad/s
1 apply affine conversil rad
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Design and Test Hydraulic Main

Model:

A 4

Ref
m——| CONtrol

Problem: Design hydraulic main/ lock
actuator and test it against requirements

Solution: Use Simscape Fluids

to model the hydraulic actuators and integrate
with Simscape Multibody model of landing gear

and Lock Actuator System

Main Column Angle (deg) vs Time

4 6 8 10 14

12
Main Actuator Force (N) vs Time

4 6 8 10 12
Main Actuator Power (W) vs Time
4000
2000 [y

0 : : : ; Ideal Actuator
= Hydraulic Actuator

2000
0

14 16 18 20

Main Lock
(Hydraulic) (Hydraulic)
I
'_
Tl

Hydraulic
L&l Supply

4\ MathWorks
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Managing Design Variants

Situation:

4\ MathWorks

. w v
Physical ,, youc 2 ¢ %] w2 € %
Systems Actuator - - Actuator
Controller > _ | v _
. JMeas JMeas
Alternatives T ——
Controller Actuation

Problem: Test different alternatives
for physical systems and controllers in

a single model

Solution: Use Variants to model
different configuration and manage it

using Variants Manager

{g Variant Manager: Landing_Gear EI@

Variant configuration data Model hierarchy (Using base workspace)

Name Landing_Gear Variant: v| &2 Validate (Using base workspa.. ¥ Show |Model & variant bl.. ~|| (4] (]
Configurations MName Submodel Configur...  Variant Control Condition
Name =%l Landina Gear

= EHOController
Full_System - LRl C I Full € Controller == 1
= Full System Spoal F ;. L4 Motion Act ' Motion Act Controller == 2
u = ySlem. p-CIO = OfCes =+ Wing Landing Gear
= Motion_Actuation_Ideal_Lock EHO[Hvdraulic Act Lock
L Motion_Actuation_Hyd_Lock CEOFL o = Full L Hvd Lock ==
- - | BOICustom Direction...
Motion_Actuation Ideal_Ma.. [ Custom Valve & No Spoal Spool V==1
Motion_Actuation_Hyd_Main -l Custom Valve (... <1 Spool Spool V==2
: L Motion L Motion Hvd Lock == 2
Configuration: Full_System ¢ LA M Motion M Motion Hyd Lock == 3
— - EHO[Hvdraulic Act Main
Description| Control Variabl..; |, = Full & Full Hyd Main == 1
= EH[Main Direcfional ...
Logt L1 Main Valve ““INo Spool M Spool V==1
Main Valve (Sp... " Spool M Spool V==2
Name Value Lock Motion " Lock Motion Hvd Main ==2
Main Motion " Main Motion Hyd Main == 3
' |Controller 1
I+ |Spool V 1 Validation results (Using base workspace)
I |Hyd_Lock 1 Source Message
|Hyd_Main 1 =l Data sources used for mod...
5""Landing_Gear o Base Workspace
Hy draulic Act
Lock
Variant * Open v
[

Override using

Open in Variant Manager N

51



Managing Design Variants

A

o1

Define variant configuration data
Create configurations
Set control variables

Visualize, explore and set variant
properties

Select the configuration

View diagnostics for selected
configuration

4\ MathWorks

3 Variant Manager: Landing_Gear

Variant configuration data

Name Landing_Gear_VariaQ\ - -

Maodel hi

(Using base workspace)

E=8 os ==

Validate _r(Using base workspa... ': Show :Model & variant bl... ': @;

Configurations rzw

Name
Full_System

Full_System_Spool_Forces

=) (3] [

Motion_Actuation_Ideal_L...

&

Motion_Actuation_Hyd_Lock

Motion_Actuation_Ideal_M...

Maotion_Actuation_Hyd_Ma...

Configuration: Full_System

Description Control Varia... 5

52 (%) (€ (3
ooooo 3 ]

Name Value
i |Controller 1
|Spool _V 1
|Hyd_Lock 1
i |Hyd_Main 1

Name Submodel Configur.. Variant Control Condition
=2 Landing Gear
EJ. Contraller
| FuII C L Full € Controller == 1
: Motion Act ' Motion Act Controller == 2
Wlnq Landing Gear
EJ Hvdraulic Act Lock
E Full L i Full L (NSA)
. | 2 Custom Directio..
""" Custom Valve Mo Spool Spool V==1
Custom Valve 1 Spool Spool WV ==2
otion 1L Motion Hyd Lock == 2
'''' M Motion M Motion Hvd Lock == 3
El Hvdraulic Act Main
U Full EFull Hyd Main==1
L Lock Motion ' Lock Motion Hvd Main == 2
- Ld Main Motion ‘4l Main Motion Hyd Main == 3

Validation results (Using base workspace)

Source Message 6
E| Data sources used for mo..

“Landing_Gear = Base Workspace

BLandlng Gear %1 Errors

The variant control 'Full_L' of the variant block 'Landing_Gear/Wing Landing
""" Wlng Landing Gear/Hyd... Gear/Hydraulic Act Lock' must be a condition expression or name of a
Simulink.Variant object in the global scope workspace of the model.
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&\ MathWorks

Fast Restart

7
¢ ® b
Model:
o
B ank ’ 4\ Preferences ‘i’lﬂ”ﬂ, ﬁ
Angle ( Simulink “  Simscape Preferences
MATLAB Report Generator Dialoas
| mputing Toolbox .
- e . . . . h -ti ter setti
Problem: Minimize the simulation time Sl b
on iterative tests to determine controller Settings
robustness to changes to airplane bank Parameters | Variables |
angle_ Flow discharge coefficient: 0.7 [Compile—time *]
. Critical Reynolds number: 12 [Compile—time ']
Solution: Fast Restart
& Run Tlme Parameters Minimum area: le-12 m~2 ~ |Compile-time
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Fast Restart

= Run consecutive simulations more quickly
— Efficiently run multiple interactive simulations

— Saves simulation time eliminating recompilation
between simulation runs

— Improves calibration workflows where the user is tuning
block parameters between runs

«  Programmatically run consecutive simulations
more quickly

— Enable fast restart from command line using set_param|: [ 4

— Simulate a model in fast restart using sim and cvsim
commands

&\ MathWorks:

2| <G () 1P

= 4@w

» |
Ready (Fast Restart)

Initialized




Larding_Gear_RSIM

& || *alLandng_Gea_RSIM »

Motion

—
s | C;{j
| S

Landing Gear Input® Meas

{1

CMD

Controller

Wing Landing Gear

| tictoc

[ Desktop Settings

INo tictoc

| Real Time Settings

View

Mechanics Explorer-Landing_Gear_RSIM
Landing_Gear_RSIM :

Wing_Landing_Gear

»
convention: | v E] v



Simscape Run-Time Parameters

= Change parameter values
without recompiling the model

= Uses:
— Fast Restart in Simulink

— Model Reference
— HIL (SLRT or ERT target)

= Scope
— Nearly all Foundation Library parameters

— All Variable initial conditions
— Very few Simscape Add-on Product blocks

— No Simscape Multibody blocks

&\ MathWorks’
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Why model the physical system?

Why Simscape?

4\ MathWorks

-  Dynarmics_Susp DLCS [= T = 4\ Mechanics Explorers - Mechanics Explorer-Vehicle_Dynamics_Susp_DLCS ol ]
File Explorer Simulation Yiew Toals Window Help sex File Explorer Simulation View Tools Window Help |a=x
wE QOE| N WO T Ol Oy E|0FE View comention Zuppi¥Top) v @ [Eo+A R LS| e 8 m 80 wE Q@& K W@ TI 6| @B 0 E|viewcowention|Zup v Top) = | @|[Ele+ A5 [ @ e BmoaO

Mecheqics Explorer-Vehicle Dynamics_Susp_DLCS

| Mechzgics Explorer-Vehicle_Dynamics_Susp_DLCS

Vehicie Dynamics.5 ~
& Body

i % Prismatic_Rack

Revolute SpinlF
# Revolute SpnLR
& o Revolute_SpinRF
i . Revalute SpinRR
48 Spherical Spindk
F-8 Spherical_Spinak

i

F, Vehicle Dynamics S ~ AT
-5 Body
H%9 Rack_Housing
L' Steering
o LF

x — | |Timelo
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