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MATLAB BEXlPO

Can you analyze how the system behaves
before building any physical prototypes?

How do you model the electromechanical
and multibody components?




MATLA

How to analyze the system behaves before building any physical
prototypes?

Solution :

« Simscape & Simscape Multibody

Benefit :
« Perform multiple systems such as mechanical, electrical system
= Visualize to understand system behavior

= Evaluate performance criteria to decide system requirements



MATLAB BEXIPPO

How to analyze the system behaves before building any physical
prototypes?
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_L: i | 4. Explore simulation resulls using sscexplore e
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MATLAB BEXIPPO

How to analyze the system behaves before building any physical
prototypes?
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= Confirm system requirements of performance

= Check design requirements of motor, gear, battery

= Evaluate new control algorithm and calibration data
C0IO0 e ————————————— A Bl el I



Agenda

« Simscape Overview
- Demos
- Applications

- Key Takeaways
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Simscape Overview

= Multidomain physical systems within the Simulink environment

Electro-mechanical Hydraulic

/’

: N
Simscape

Rotational 3 |
e et $ T F":"::sing Electrlcal Mechanical Magnetic  Thermal Custom
> ) # z z equations
if v>W:
* i== (0
else

Hydraulic =~ Thermal Two-Phase Moist

Mechanical (transiation and rotation) I Liquid Fluid d) Air Custom
g Q NAANA O%Ooo GAA 0

- J

Z(C +C dv v 3
Inertial 1_( 0 + Vv) dt + 7 % Lossy "
T d Ultracapacitor

HD D HD L] s
Spring Spring2 Spring3 £ Co = =
B Bre = e r equations

¢ ) ‘ i == (CO + Cv*vc)*vc.der + vc/Rd;
42 v == vec + i*R;

Damperi Damper2 Damper3 43 end
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Simscape Overview
l:‘Spring — kSpring*(XMass)

_ dXMass
FDamper - bDamper*( dt )

2
d“XMass _ _FSpring — FDamper

« Equations derived automatically

MpMass

=  Assemble schematics that simulate

=  With Simscape you can:

_' -
Test without hardware prototypes |>

B vl o Massi
o Spring1
Optimize system-level performance o o©

) i

H

0=
0=

Design control systems and logic

viEew

Refine requirements for system _ _
Input/Output Block Diagram Simscape
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How to build walking robot?
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Demos — Design Inverted Pendulum

Double Pendulum



Demos — Design Inverted Pendulum

= Start from Simulink

MATLAB

Pendulum

— Use Simulink in toolstrip e

— Command as “smnew”

= Clean up canvas
— Delete unused block
— Delete ref. descriptions

= Insert block to build model
— Use ref. image for design
— Align blocks from format tab

]
|-H
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Demos — Design Inverted Pendulum

= Parameterize blocks

MATLAB E

Pendulum

— Update dimensions S

[111]9[10.10.1]
- Qb#
-

« Update models
— Refresh model data (F5)
— Change View Convention

Brick Soli

ﬁ,

Solver
figuration

(x) =

0
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MATLAB EXPC

Demos — Design Inverted Pendulum

Define Coordinate Frames
= Add new coordinate frame to create joint at certain features (faces, edges, ETC)

:

/. K

CE v

12



MATLAB BEXlPO

Demos — Design Inverted Pendulum

Pendulum

= Add new frame to link joint == B
— Select surfacetoadd new ...~ —

frame using “Based on , o  —
geometric feature” z\ 2
— Add two new frame at the :
end of block '
— Rename of new frame as
“Base” and "End”
Brick Solid
- Update models .
— Refresh model data (F5)

13



MATLAB BEXlPO

Demos — Design Inverted Pendulum

Pendulum

= Connect blocks with joint

— Resize block to connect ——
model

— Insert “Revolute Joint” and
connect block between Brick
Solid block and World
Coordinate

’_ =

2 Rleot+AR R wATI0 08 L

OB WS

43

®)

- Update models Brick™Solid
— Refresh model data (F5)
— Change view convention

B K

14
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Demos — Design Inverted Pendulum

Pendulum

- Run simulation e T
— Modify coordination of =l
gravity
[009.81] = [09.81 O]

OMB UESS =

- 4 —
$ ’Z\ ﬁgusrgl::r: x)=0

« Extend model complexity

— Copy & Paste your modelto . il
extend application
— Physical network model can ‘
be utilized easily without )
delivering equation L )

15



Demos — Estimate Motor Parameters

MATLAB EXIPO

16



Configure the Model to Balance Model Fidelity and Simulation Speed

Abstract
Models

Computational Time

Detailed

Models

Average-Value G&@gﬁ’l{)

Converter n
+ .
|

—1

Average-Value DC-DC
Converter

' -~ ’
.-~ Model omplexity &
4

Switched Linear
Converter

If\etail
1

v

Nonlinear PMSM

i

Switched Linear
Converter

[e}=2

Nonlinear PMSM
+ Thermal

ENT) S|

Nonlinear
Converter

[c}-—+%

Nonlinear PMSM
+ Thermal
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In Summary, Simscape Electrical Lets You Model Electrical Systems with
Varying Level of Detall

>

Computational Time

Detailed

Models

Abstract
Models

Model Complexity & Detail

Proven Technology

H

Level
of
detall

Proof-of-Concept

18



88 Simulink Library Browser

< % |Enter search ... v|& B -0~ @ = @

Simscape/Electrical/Electromechanical/Permanent Magnet

Supported Different Type of Motor Model in Simscape Electricalr

MATLAB BEXlPO

Motor

Report Generator
» RF Blockset
» Robotics System Toolbox
Robust Control Toolbox
> ROS Toolbox
» Sensor Fusion and Tracking Toolk
> SerDes Toolbox

SimEvents
v Simscape
Foundation Library
Utilities
Driveline
v Electrical
Connectors & References
> Control
¥ Electromechanical
Asynchronous
Brushed Motors
Mechanical

Mechatronic Actuators
Permanent Magnet
Reluctance & Stepper
Synchronous
» Integrated Circuits
> Passive
Semiconductors & Converter:
Sensors & Transducers
Sources
» Switches & Breakers

~

PMSM

Hybrid Excitation PMLSM
PMSM

[ Ra

an Ca
PMSM PMSM (Five-Phase)

PMSM (Single-Phase) PMSM (Six-Phase)

Block Parameters: PMSM

Permanent Magnet Synchronous Machine (composite three-phase ports)

This block represents a permanent magnet synchronous machine with sinusoidal flux distribution.

Right-click on the block and select Simscape block choices to access variant implementations of this block.

Select a predefined parameterization

Settings
Main  Mechanical  Variables
Winding type: |Wye—wound A |
Modeling fidelity: |Constant Ld, Lg, and PM -
Number of pole pairs: |p | |Compile—ljme - |
o T 9 Sty e -
Permanent magnet flux linkage: |ps'|m | | Wb v| |Compile—ljme - |
Stator parameterization: |Specifv Ld, Lg, and LO A |
Stator d-axis inductance, Ld: |Ld | | H v| |Compile—h'me - |
Stator g-axis inductance, Lg: |Lq | | H v| |Compile—ljme - |
f?:tor zero-sequence inductance, |L[] | | H v| |Compile—ljme - |
Stator resistance per phase, Rs: |Rs | | Ohm v| |Compile—ljme - |
Zero sequence: |Inc|ude A |
Rotor angle definition: |Ang|e between the a-phase magnetic axis and the g-axis - |

[ ok ]| cancel || nep || apoly

19



Parameterization of Motor Modeling Using Simscape Electrical

Motor
Block Parameters: PMSM (4] Block Parameterization Manager PMSH — a b
Permanent Magnet Synchronous Machine (composite three-phase ports)
This block represents a permanent magnet synchronous machine with sinusoidal flux distribution.
Right-click on the block and select Simscape block choices to access variant implementations of this block.
Select a predefined parameterization Select manufacturer [ABB_BF\LDOR v |
Settings Select part [BSM1320_2GDAA A |
Main Mechanical Variables Attribute Value
Winding type: |wye—wound = | Manufacturer ABB_BALDOR
_ . Part number BSM132C-8200AA
Medeling fidelity: |Constant Ld, Lg, and PM - |
Part series
Number of pole pairs: |F’ | |C°""|:’“e"jmE 'l Web link https:/fwvw baldor.com/brands/baldor-reliance/producis/imotorsiservo-motors/ac-brushles
:;:::gtl ggg:et flux linkage ' Specify flux linkage - Fart type SPMSM, 325Vdc, 23.373KW, 1300rpm, 804
’ Parameterization date 18-Jun-2020
Permanent magnet flux linkage: |p5'm | | Wb vl |Cm'p'le'hme T | Farameterization note Fredefined parameterizations of Simscape components use available data sources for su
Stator parameterization: |Specrfy Ld, Lg, and LO - | Part data file location ElectromechanicalPermanent_Magnet PMSWMABE_BALDOR\BSM132C_3200A4 xml
Stator d-axis inductance, Ld: |Ld | | H v| |Compile—time v| 4 »
Stator g-axis inductance, Lq: |Lq | | H v| |Compile—ljme 'l [ Update block with selected part ]
Stator zero-sequence inductance, o -
LO: | Lo | | H d | |Com|:nle~hme | [ Compare block settings with selected pari]
Stator resistance per phase, Rs: |Rs | | Ohm v| |Compile—ljme - |
Zero sequence: |Inc|ude - |
Rotor angle definition: |Hng|e between the a-phase magnetic axis and the g-axis - |
OK || cancel || Help | Apply

PMSM model

ABB BALDOR:BSM132C-8200AA

MATLAB BEXlPO

V+

20



MATLAB

Parameterization of Motor Modeling Using Simscape Electrical f\g”

= Define PMSM behavior
using d- and g-axis flux linkage

- Parameterization option is directly
compatible with Maxwell, IMAG
and Motor-CAD data

— With a few changes to text file,
MATLAB variables that match block
parametrization can be generated

Motor

[I\/Iaxwell

Export

Data in
ANSYS Format

Restructure into
MATLAB variables

a @E Simscape *  Block choices * 2-D data | No thermal port

b G{ s 2-D data | Show thermal port

c 3-D A-phase data | No thermal port
. 522/ ¢

o) 3-D A-phase data | Show thermal port

, 4-D A-phase data | No thermal port
FEM-Parameterized

4-D A-phase data | Show thermal port
PMSM +~ 3-D DQ data | No thermal port S
3-D DQ data | Show thermal port

21
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V+

Demos — Estimate Motor Parameters

V-

Motor

= Motor modeling N
— Simscape Electrical e
supports multiple type of

motor and driver

OmE4HEL

¢ PWM__ ‘
Input Signal (V) o . ,_ 4 . Conn3 | | Comn2f—DB——9—»( 1)
g R |
] — | o o
1 L — BRK e
- Parameterize components ... ‘ J’ o S

— Simulink Design ‘ | o] Sm—

I m I I Estimating Motor Parameters
O ptl I Z atl O n S.u p p.o rt 1. Parameter values: Initial, Tuned [SS_DC_Motor_SPE_Vel_time SS_DC_Motor_SPE_Vel_Signal] |—
m m 2. Launch Parameter Estimation tool Measured Data
para eter eStI atlo n 3. Explore simulation results using sscexplore

= 8

Reay



Demos — Estimate Motor Parameters

= Tip for fast simulation
— Use Fast Restart

— Utilize Parallel Computing
toolbox

- Estimate parameters

— Adapt experiments data to
estimate components
parameters using Simulink

V+

V-

MATLAB |

demotor Paramest b

ImE 4B e o

PWM_

Input Signal (V)

REF !
REV

s P
U+
() | =
- b BRK
Input_Signal

Estimating Motor Parameters

L
N\ =N\
\ ( \
+) | \&/

Conn3 | ' Conn2|—DB——9—»( 1)

e fwy)

1. Parameter values: Initial, Tuned

[SS_DC_Motor_SPE_Vel_time SS_DC_Motor_SPE_Vel_Signal] |_

2. Launch Parameter Estimation tool
3. Explore simulation results using sscexplore

Design Optimization Toolbox .

L.

Measured Data

.

Shaft
Velocity

Reaty
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Demos — Estimate Motor Parameters

Select Parameters and Set Ranges

= Select the motor parameters to tune

— Mechanical Characteristics : DC_Motor B, DC_Motor_J

— Electrical Characteristics : DC_Motor_ L, DC Motor R, DC_Motor K

= Set the valid range for each value

Edit: Estimated Parameters

Parameters Tuned for all Experiments

DC_Moator_B

w |05

h

Minimum: |0.01

M

Maximum: | Inf

Scale: 0.5

QQ E!QIQI J

b

p |00

DC_Motar_K

[ 3 l0.02

DC_Moator_L

p 001

DC_Motor R

-

[ BE

Ij; Select parameters

¥ §¥EEE

g §¥§ ¥

MATLAB BEXP

V+
V-

Motor

Select model variables

Filter by variable name

v Variable | Current val...
DC_Motor_B 0.5 dcmotor
DC_Motor_J 0.01 dcmotor
DC_Motor K 002  |.DC Mot
DC_Motor_L 0.01 dcmotor
DC_Motor R 3 dcmotor

P Specify expression indexing if necessary (e.

24



Demos — Creating custom Simscape components

XK

S
%

Increase
pressure

McKibben air muscle

-

MATLAB BEXlPO

25



Creating custom Simscape components
Example: McKibben air muscle

Steps:

1.

Write out defining
equations

Find starting point in
Simscape foundation
library

Incrementally add
functionality, testing as
you go

McKibben air muscle

o S S S S
o
S S S S S S S S S S S5

R
R R ]
e RS R R SR k]
B e e
e
e B L I IR I ]
B e e

Increase
pressure

g o o o P 5, T P, e —
I I B I 5 M
I I IO
S B S A IR %)
!
I
!
S
I I I
btatetets! ettt
B S N S N Nt N Ny
T N N N N
A
e ettty

Y
o A

MATLAB

26



Creating custom Simscape components
Step 1: Write out equations

L,, = Un-stretched length

L, = Additional stretch due to force, F

Assumptions:
= Volume is approximately constant
- Stretch force is proportional to L

Equations:
- L=1L,(p)+ L
= F=kXLg

= pV =nRT

N
N\
\
\
\
\
\
\
\
\
\
\
D

Py

L,(P1)

MATI

P>

Lu(pz)

27



MATLAB B>

Creating custom Simscape components
Step 2. Find starting point from foundation library

p
Constant Volume
Chamber (G)
L

Has equation of state

Need to add mechanical
ports & equations

)!PI

Block [# C:\Program Files\MATLAB\R2017a2\toolbox\physmedisimscapelibrary\mi+foundation\+gas\+ elementsiconstant_volume_chamber.ssc - O *
C on 5| EDITOR VIEW
) ,{IL:, - ﬁ [ Find Files & msert — fx oy o~
ThIS t I [l compare ~ Y GoTo ~ Comment % i % ereaponts
contal = T T S (Fd o et [F] e g -
FILE | MNAVIGATE | EDIT | BREAKFOINTS |
thE (ST component constant volume chamber <« foundation.gas.one port vertical
2 % Constant Volume Chamber (G)
Port A 3 % This block models mass and energy storage in a gas network. The chamber
therrr 4 % contains a constant volume of gas. The pressure and temperature evolve
5 % based on the compressibility and thermal capacity of this gas wvolume.
cham . .
Sourg 7 % Port A is the gas conserving port associated with the chamber inlet. Port
8 % H is the thermal conserving port associated with the temperature of the
Settir @ % gas inside the chamber.
10
Para 11 % Copyright 2016 The MathWorks, Inc.
12
Ch 13 nodes
d 14 H = foundation.thermal.thermal; % H:top
Cros 15 end
16
pﬂrt 17 parameters
18 volume = {0.001, 'm”*3'}; % Chamber volume
13 area A = {0.01, 'm*2'}; % Cross-sectional area at port A
20 end
|<21 >

Simscape model file Ln 1 Cal 1




MATLAB

Creating custom Simscape components
Step 3. Incrementally add functionality

1 component air muscle < foundation.gas.one port vertical

. 2 % Air Muscle (G)

/——4f4%4% Constant Volume 3 % This block models a McKibben air muscle.

(/' Cf' {_"J Chamber (G) 4
5 % Copyright 2016-2017 The MathWorks, Inc.
©
7 nodes
Add 8 | H = foundation.thermal.thermal; % H:top

Lo

R

- Two mechanical ports —_— c
11 end

foundation.mechanical.translational.translational; % E:bottom

foundation.mechanical.translational.translational; % C:top

- Two additional new equations
L=L,(p)+L,=———> 152 L == Ls + Lu;
F=kXx[L,~———> 153 force == K * Ls;

149 Lu = tablelookup (pVec,LuVec,p chamber,

29



MATLAB B

Creating custom Simscape components
Step 3. Incrementally add functionality

;% 33 wvariables
SFS 5 o 34 $ Mechanical variables
L
{ 35 force = {0, W'}, % Force
36 Ls = {0, 'm"}; % Stretch
Add definitions for: 37 end

= Variables
21 parameters

= Parameters
\ 22 K = {140, 'N/cm'}; % Stiffness

23 pvec = {[0 1 2 3 4 5 6] ,'bar'}; %
24 Luvec = {[30 27.3 25.1 23.5 22.3
25 end

30



MATLAB E

Creating custom Simscape components
Step 4. Build library and run test model

Block Parameters: McKibben Air Muscle FiIEd pl‘ESEUI‘E {2 hal'} Z’EI‘G |nﬂd

Air Muscle (G)
This block models a McKibben air muscle

Source code

28 r
Settings —
. E
Parameters Variables rd =,
ol - 26
Cross-sectional area at - =
port A: 0.01 ﬁ 5
: : 0 s
Stiffness: 140 -; 3 24
Pressures: [0.0, 1.0, 2.0, ‘E
]
T

Unstretched lengths: 17.3, 25.1, 23.5

Volume: 85

0.5 1 1.5

Stretch, Ls(cm) Pressure (bar




Demos - Quadruped Robot

Walking Robot

MATLAB BEXlPO

32



MATLAB B

Demos - Quadruped Robot ﬁ

Walking Robot

= Simulate models e ek L= ~i g (@ b ©| B
— Identify system behavior T =
— Design controller

= Analyze physical system
— Evaluate overall system
requirements

— Confirm system capacity
such as battery power,
motor capacity ETC

uuuuuuu



MATLAB EX

Simscape works in a variety of applications

Phase2

_—=| entry: phase = 2;
[FR_fir==0] , RL_FR_aerial =1

= Plant and control
ot _‘ P entry: phase = 1; entry: phase = 3;
Body Constraint I A A

> El
=N %’\ .y -
phs o0

_[hdot<0]

Phase4
~| entry: phase = 4;
RR_FL_aerial=0;

{RR_FL_aerial=1;}

= Multidomain = =1 ji
= = T LN
e g RS
phs ¥V o ¥ o ¥ o ¥V o (hdot<o] [Phases FL_fir==0]
2 B - B o i entry: phase = 6;].
Electrical : VA VA VAN o Rfeenry
Gait Leg Leg Leg Leg |
Phase  RR LR RF LF Phase8 [FR fir==1] (Phase7 Phase5
. ’ ’ entry: phase = §; |- entry: phase = 7; entry: phase = 5;
— Mechanical : s sl el £ RL_FR il
= & i i & —
7 y g §e &. 8. &
hdot | i | il Py elec_auto_ev/PMSM Drive * - Simulink - m] X
] | File Edit View Display Diagram Simulation Analysis Code Toals Help
I m = JIET] = s 3 bii
- her al iﬂoor Power p B-o-8 e & EE@"E@%WHD AR ORI e
. . ° PMSM Drive
Mechatrenic Running Robot ' o [ . — -
1. Plot battery current (see code) ® [Pl etec_muto_ev b [a]ps Drive
F I - d 2. Set constraints: Planar, Planar+6D0F, 6DOF (see code)  Electrical Pawer @
— 3. Explore limb design script; Load defaults Supply i traRef
u I 4. Explore simulation resulis using sscexplore £z G o - ?
5. Learn more about this example = - TR 1 + ﬂ| ]
(9] PMSM Drive Model
Motor Inertia
Servomotor - -f"t
) ,_l,
@ ' "
e
w
Heat Exchanger  Pipe
j——H—{Hp HMotor (—
O} = Outlet
Inlet A—A B G
[T}——t{mn Tmotor |- Tmotor |
= Heat Exch. Characteristic
-
»
Ready 100% FixedStepAuto




MATLAB BEXP

Demos - Quadruped Robot ﬁ

Walking Robot

1. Can you analyze how the system L
behaves before building any physical |~ =220 = "l T e om0

prototypes? B =
4 : N |
Simscape
Electrical Mechanical Magnetic  Thermal Custom =

equations
:‘é‘:lt 1f v >V
== 1
else

Hydraulic Thermal Two-Phase Moist
Liquid Fluid | Air
|—I—| aan] NS C ) 204 0
- /

Controler PlantModel

2. How do you model the
electromechanical and multibody
components?

E v@E
2




Why Should You Care About Reinforcement Learning?

Hip Actuator
Knee Actuator \\

A

MATLAB BEXlPO
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MATLAB EXP

One Approach Could Be... ﬁ

Walking Robot

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* *

- *
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NgiE

~I1-  Motor torques
-

Measurements




MATLAB EXJ

Any Alternatives? ﬁ

Walking Robot

Measurements Black Box Motor torques
Controller




Quadruped Robot Locomotion Using Reinforcement Learning

4 Reinforcement Learning Episode Manager

Train quadruped robot to walk with
DDPG agent

= Quadruped robot modeled in
Simscape Multibody with contact
forces

= Policy takes in 44 observations
and outputs 8 torque values

Episode Reward

250

200

Episode Reward for rlQuadrupedRobot with riDDPGAgent

-
X 5629 R

Y 247.9

L
2000

Episode Mumber

L
5000

G000

Training Progress ( 29-May-2019 10:58:19 )

Episode Information

Episode Number 5820
Episode Reward 193.5664
Episode Steps 400
Episode Q0 71.9101

Total Number of Steps 1298719

Average Results
Average Reward 192.9243
Average Steps 396.88
Window Length for Averaging 250

Training Qptions
Hardware Resources for Actor and Critic cpu  cpu
Learn Rates for Actor and Critic  0.0001  0.001
Maximum Mumber of Episodes 20000
Maximum Steps per Episode 400

Final Results
Training Stopped by  Stop Training Button
Training Stopped at Episode 5821
Elapsed Time 1.9458e+05 sec

MATLAB EX

39



Reinforcement Learning Model

44 Observations:

Body C.M.:

2 pos (Y, 2)

3 vel (vx, vy, vz)

4 orient (quaternion)
3 ang vel (wx, wy, wz)

Each Leq:

2 joint ang (hip, knee)
2 joint vel (hip, knee)
2 Contact Forces

Actuation:
8 joint torques

Episode termination

5
4 6
3 T N 7
/_/ Y
[ 4
2 = (e | =8
L A
1 k]
0 10

50 50 05

40 &0 40 &0 0a 99 o8
30 A T 70 30 AR, 70 03 S
o s £
20 = [ J 80 20=| | J 80 02=| |
. 4V A N l! A
107 S 90 107 90 [RRE
0 100 0 100 o 1

50

10 0
", 0.7 30 7 7o
=08 20 = &= | |80
Wb A
T og 107
0 100

Velocity Reward Weight Constant Reward Weight = Height Penalty Weight Control Effort Penalty Weight Orientation Penalty Weight

criteria:

Body C.M. below min. height
Head/Tail below ground
Knee below ground

Roll, pitch, yaw exceeds
bounds

p——————— P meas

Reward

p——————P meas isdone

———»|isdone

Check If Done

MATLAB EXF

Quadruped Robot

L .l datain [———
4
Plots
P meas
obsy ——— I observation
———P(u
- action P inputs sensorsdata
Observation
——Pu
r————» reward

\

cumulative_reward F——| D

8 normalized
actions (-1 to 1)

4‘ Robot model (Plant)

Quadruped Walking Robot Example

Copyright 2019 The MathWorks, Inc.

40



| MATLAB BEXIPPO

Training and Reward Function Shaping

N
&
.

T . T .
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Simscape works in a variety of applications

Robotics Drivelines Renewable Energy

Actuation Hybrid Vehicles
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Volvo Construction Equipment Streamlines Product Development
with a Real-Time, Human-in-the-Loop Simulator

Challenge

Evaluate design concepts and parameter values
for construction equipment before building
physical prototypes

Solution
Use Simulink, Simscape, and Simulink Real-Time
to model hydraulic, mechanical, and engine

systems and perform real-time, operator-in-the- Volvo Construction Equipment’s real-time,
|00p simulations human-in-the-loop simulator.

‘1t was technically impossible for us to build a full-scale hydraulic

Results
= Number of prototypes reduced
= |ssues in the field resolved faster
= Controller tuned in simulation

system model to run in real time without Simulink, Simscape,

and Simulink Real-Time. Our simulator enables us to test new

concepts for construction equipment, tune parameters, reduce
lead times, and minimize issues in the field.”
- Jay Yong Lee, Volvo Construction Equipment
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Krones Develops Package-Handling Robot Digital Twin

Challenge

Increase the performance of an automated beverage-
packaging system by incorporating a dynamic tripod robot
into the design

Solution

Use Simulink and Simscape Multibody to create an
accurate digital twin that supports design optimization, fault
testing, and predictive maintenance

Results
= Robot performance increased
= Product development time shortened
= Testing time significantly reduced

Link to user story

“Simulations of the digital twin in Simulink enabled us
to obtain data and insights that would be either
Impossible to get via hardware tests or simply too
costly and time-consuming. Visualizing forces and
moments helped us to understand the effects of
individual components on a highly dynamic robot.”

- Benedikt Bottcher, Krones
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MATI

Key Takeaways

Simscape helps you create models of multidomain systems in Simulink
Explore design of physical systems, to support controller development, more...
Simscape is widely used for many applications

Resources are available to help you get started and succeed
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