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Digital Transformation Era
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Machine Learning for Real-time Optimization of Energy Usage

Building'

-

Time of Use
Energy Prices

( Weather \

[\ ETETe [
Services & NOC

Demand
Response

Open Access Platform
Running Client Software =
[
Secure

H { § “
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CETO, a Wave Farm built with Model-Based Design

(€7
Carnegie

wave energy
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Augmented Reality Visualization of blood flow with SLAM
technology

e g ¥ B ¥

f
5 "L
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Why Digital Transformation?

[From en.wikipedia.org]

“Sample-size 1”7 -+ Increasingly individualized products

“Smart products” - Autonomous machines that do not require costly
programming to meet new requirements

Intelligent products that collect data to optimize
processes and develop new products

“Servitization” -+ Opportunities for innovative business models

and services
MATLAB EXPO 2019
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What Tomorrow’s Engineers and Scientists Need to Know

Control, Signal Processing, Optimization, Computer Vision
Abstraction, Modelling, and Simulation

AND

Multidomain System Development

AND
Distributed and Connected Systems Electrical
Using Cloud Platforms and Big Data Processing
Al and Data Science E

000

MATLAB EXPO 2019 ; ‘W




Project-Based Learning with MATLAB and Simulink

O ol Treat engineering students like engineers

=
S0 1)

. i
QeI

Hands-on experience of working on hardware and software
Solve authentic problems in myriad contexts
= e Increase student interest and improve learning

oooooo

https://www.mathworks.com/hardware-support/home.html



4\ MathWorks

Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter Arduino Triplex Pump

Simulation Mobile Rover @ Digital Twin
» Develops Computational * Model-Based Design « Complex industrial
Thinking for complex for autonomous venhicle application
systems : . .
* Integrates control, « Combines engineering
« Enables comparisons of communication, path and data science
theory and simulation plam_wlng_, and + Cloud computing
. localization
* Principles of control and
path planning  Multidisciplinary
system

MATLAB EXPO 2019
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Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter
Simulation

» Develops Computational
Thinking for complex
systems

» Enables comparisons of
theory and simulation

* Principles of control and
path planning

MATLAB EXPO 2019

4\ MathWorks
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|Quadc:opter Simulation

MATLAB EXPO 2019

7

Develop Understanding of
Technical concepts

N\

Plant Modelling

V

4 Math h

Derivation

MATLAB
Simulink

Symbolic
Math

(CommerciaI\
CAE

Simscape
Multibody

[ Comparison ]

Control System Design

{

[Code generation for]
deployment

4 MathWorks'
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’Quadcopter: Modelling — part 1

Develop Understanding of

4\ MATLAR R20195 = 0 X Technical concepts
HOME PLOTS APPS LIVE EDITOR INSERT VIEW B4 oo ebd®® I Search Documentation P
E;}_, ™~ ﬁ [QlFindFiles 4} <7 3] Normal » [Clico e =] =] Run section [> >
New Open Save L Gompecs QﬂGoTo = Text B ;{ U h_ﬁ __ Code @Rﬁfaﬁmv |z] 4z 7 Section @RHHSMAWMW Run Step  Stop
v v v et (v BEB=s= © ek [GRiwen Plant Modelli
FILE | NAVIGATE TEXT CODE | SECTION | RUN i 5 ry an O e I n g
G EHQPE » C: » Users » msciola » OneDrive - MathWorks » desktop » Demos- presentations » expo2019 » PRES_02_Quadcopter » Task_Lagrange_quad_pend » |2
b B Live Editor - C:\Users\msciola\OneDrive - MathWorks\desktop\Demos- presentations\expo2019\PRES_02_Quadcopter\Task_Lagrange_quad_pend\bh_explore_LAG_eom_for_quad_with_PEND.mlx =
2 _\ bh_explore_LAG_eom_for_quad_with_PEND.mlx ¢ | =+ | g.
3 Task: Lagrangian approach for deriving Eoms for a Quadcopter balancing a pendulum E\ - Math Commercial
+ = Lx = o o
| & Derivation CAE
. L| @
b MATLAB
Y . . .
8) 3 % m ) Simulink Simscape
'~ |l._ = ALY W i i
g x {9 &.X Symbolic Multibody
Math
4,
[
In this task we're going to look at how the Lagrangian Dynamics approach can be used to derive the equations of motion of a quadcopter balancing an inverted pendulum.
Steps that we'll take will include:
= What is a PASSIVE rotation matrix ? Comparison
= How do i construct a Direction Cosine Matrix (DCM) from a given rotation sequence ?
= What is the relationship between BODy rates and EULER rates ?
= What is the KE and PE of just the airframe ?
= What is the KE and PE of each rotor+Propeller assembly ? .
= Apply Lagrange's equation to derive the system EoMs Control SyStem DGSIgn
N
Euler-Lagrange equations:
The Euler-Lagrange formula will be used to derive the equations of motion for a Rigid Body, and it has the form: -
o ® Code generation for
New to MATLAB? See resources for Getting Started. X
14| Ready | script ‘ 7 deployment

MATLAB EXPO 2019
13



| . 4\ MathWorks
Quadcopter: Modelling — part 2 Develop Understanding of

9} bh_compare_hand_to_SM_quad_pend * - Simulink - O > TeCh n |Ca| Concepts
File Edit WView Display Diagram Simulation Analysis Code Tools Help
r-o-F <« @ -E-ed®P = - ] [tm ]| @ |~
'g bh_compare_hand_to_SM_guad_pend * = MODEL_SYS EYES_SIMSCAPE *  CONT_SYS Force_Moment_CMDS EYES_PROP_and_VEH EYES_LAGRANGE COMPARE_SIMSCAPE_vs LAGRANGE TQ_on_propeller .
2 ® bh_compare_hand_to_SM_guad_pend P ks PI ant M O d el I In g
1l ' (L=Bilzh ChD EYES_PROP_and_VEH ~
IE' [4x1] whMOT _signed_col ct) whMOT_signed
TG Yaw_CMD [4x1] ]
= VEH_and-PEND_BUS i
I Math Commercial
MODEL_SYS . .
= Derivation CAE
O
MATLAB
F ] . . .
HAND_DERIVED_MODEL: Simulink S|mscape
SULTS mat o oy Symbolic Multibody
- Math
CONT SYS W_MOT_CMDS1
Force Moment CMDS1 [4x1] COMPONENT_MDL_Lag_QUAD_and_PEND_with_spin_rotors
= = I I—b THRUST Cmp!B2-signed_col [4,1% Thz
Grav_FFWD1 _ 1] Sl — ! 13{51}
Mbz_signed_col 4x1T Mbz o o — | —¥EH and_PEND_BUS
APE TQ_Rall_GMD ; ——
->—i———! —
wMOT _signed_col = 7 'ﬁ wMOT _signed : !
X A
| [ / .
TG_Pitch_CMD " Hand_derived_model C om p arison
=4 w_mot_actual UN —:5
TQ_ Yaw_CMD 4
NGE TQ_actual_vec —>54 13(51)
Control System Design
i £1
B o
e Code generation for
& | ¢ >
Ready View 7 warnings 125% ode23t deployment

MATLAB EXPO 2019
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| Quadcopter: Modelling — part 3

J’} bh_compare_hand_to_5M_guad_pend * - Simulink

4\ MathWorks

Develop Understanding of
Technical concepts

Plant Modelling

- Math h

Derivation

Commercial
CAE

MATLAB
Simulink
Symbolic
Math

Simscape
Multibody

Comparison

Control System Design

File Edit View Display Diagram Simulation Analysis Code Tools Help
]| — e Y Qi
- 8| e B EH-wd®P = F ] e - @~ -
E Hand_derived_model 6DOF_JOINT_SYS EYES_SIMSCAPE CONT_S¥S Force_Moment_CMDS EYES_PROP_and_VEH bh_compare_hand_te_SM_guad_pend * = COMPARE_SIMSCAPE vs_LAGRANGE TQ_on_propeller
g ® bh_compare_hand_to_SH_quad_pend »
§
s @ SIMSCAPE_MODEL:
E3
= CONT_S¥YS
on CONT_SYS
Force_Moment_CMDS W_MOT_CMDS2
THRUST_CMD [4x1]
D > Thz_signed_col P Thz
Grav_FFWD (]
P Mbz
[4x1]
TQ_Roll_CMD
P whOT _signed
41 -
Mbz_signed _col J4x1] [FEN
[3x1] 1513 — Prop_BUS
X i
-_' L BEIECMD 12y EYES_PROP_and_VEH
Prop_BUS
E [4x1]
whOT_signed_col whMOT _signed
TQ_Yaw_CMD [4x1]
VEH_and-PEND_BUS
MODEL_SYS
I
HAND_DERIVED_MODEL: by
ULTS.mat
CONT_SYS
W_MOT_CMDS1
CONT_SYS = = - - <
Force_Moment_CMDS1 . [4x1] N COMPONENT_MDL_Lag QUAD_and PEND_with_spin_rotors
In1 | p|THRUST cmp! PZ-signed_col ] Tbz
. Grav_FFWD1 ) dxt] S B —— 13(51}
—> XYZ_CMD Mbz_signed_col T Mbz - — | —WEH and_PEND_BUS
PE [Sxil TQ_Rell CMD Lext] ——
== : Mxt] e = —
—— I FQecol wMOT _signed_col »wMOT _signed
L5 .;I = Exi) .
. TQ_Pitch_CMD Blann e raria)
« [¢ >
Ready View 7 warnings 125% ode23t

MATLAB EXPO 2019

Code generation for
deployment
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HOWE

|Quadcopter: Modelling — part 3

- O X

MECHANICS EXPLORERS

Search Documentation

el & Martina~

@ Editor - bh_startup_gquad_and_pendulum.m

Mechanics Explorer-bh_compare_hand_to_SM_quad_pend

| Current Folder

T TP TR T
BT MOT_AERC
- MOT_AERC
BT MOT_AERC
(-l PROP_1
(-l PROP_2
-l PROP_3
[yl PROP_4
[]--}ﬁ‘ RT_air2pro)
[]--}-&‘ RT_airZpro|
[]--}ﬁ‘ RT_airZpro)
[]--}:}‘ RT_airZpro|
B 1 airCG
E-Connection Fri

Command Window

MATLAB EXPO 2019

4\ MathWorks

Develop Understanding of
Technical concepts

Plant Modelling

g Math R

Derivation

Commercial
CAE

MATLAB
Simulink
Symbolic
Math

Simscape
Multibody

Comparison

Control System Design

[ Code generation for ]
deployment
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| ] . N
Quadcopter: Control Design Develop Understanding of
Technical concepts )
4\ MATLAB R2018b — X
| SHORTCUTS LIVE EDITOR INSERT Search Documentation ,0 Plant Mode"mg
< EHRA m » C: » bh » users EV » Pres » 2018 » EDU_Seminar » PRES_02_Quadcopter » Task_Lagrange_quad_pend » v P
: ) AaMT P P1new Sy SL B9 B @ Biwsu 2 curtin 24 uts P elec P sysp P sMp ) 4bar 2% webQUAD B3 robX P2 DRCcar 2 FRAME ) quadPEND ) MECH_CT ) cdma_sol » @
H B Live Editor - C:A\bh\users_EV\Pres\2018\EDU_Seminar\PRES_02_Quadcopter\Task_Lagrange_quad_pend\bh_lag_quad_and_PEND_do_control_design_DISCRETE.mlx
E | bh_lag_quad_and_PEND_do_control_design_DISCRETE.mlx | + 1 i
LB - -1 C Math h Commercial
3 Trim, Lme?arlse and design a Control system for the k =| | Derivation CAE
Lagrangian quadcopter and PENDULUM model: | a
Vo Dy B - : MATLAB
s Wi aaine Simulink Simscape
e o T — Symbolic Multibody
@ WS 5es Math
] — COMPONENT_MDL_Lag QUAD_and_PEND_with_spin_rotors
PR S B S e
s
[4x1] 1X51) i)
, Woz_signed,_ ool = Moz VEH_ana_PEND_BUS - e~
@ e o) srameon H
o st 1l s Comparison
oo B e | - £
'_M.W—'a ﬁ
Donie ek
. P Iy M O %‘u—- —Control System Design
nowSs T ey “
;:.ay 123% ode2:
Sy I S — . . Code generation for
- | script Ln 50 Col 13
deployment
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| . 4\ MathWorks
Quadcopter: Code Generation for Deployment Develop Understanding of |

2 bh_SM_quad_and_PEND_discrete_CONT* - Simulink - o x Technical con Cepts

File Edit View Display Diagram Simulation Analysis Code Tools Help
- -@ < @ -E-@ GO = [ w ] [roma SRR R B

Model Browser -

J

¥ X | CONT SYS Force_Moment_CMDS  *  SM_EYES  CLAW * EYES PROP and VEH acirdel * THRUST FUSE prefitert *  bh_SM_quad_and_PEND_discrete CONT X  PRE FILTERS

bt bh_SM_quad_and PEND_di | @& |[*y|bh_SM_quad_and_PEND_discrete_ CONT b =
v CLAW

v CONT_SYS Force_M
COMMENTS_ON
v CONT_SYS W_MOT |

v PRE_FILTERS

prefitterl

prefilter3

w_MUX
> PRE_FILTERS_R
SIGN_CONVENT
> W2_checker

ol e e MATLAB
Grav_FFPWD E A rte

v [Pa] EVES_PROP_and_VEH Simulink Simscape

THRUST_FUSE . .
TQ_FUSE Symbolic Multibody
P2l i N Math
Load_VEHICLE_PARAME double
Load_VEHICLE PARAME 2 — o
> MODEL_SYS [4x1]
i > Moz
SIGN_CONVENTIONS . - [m.]. _
> SM_EYES R Tbz_signed T wMOT_signed
3 XYZ CMD_LIMITS double [3x1] 1 - double [3x1]

XY, »{xvZ_CMD
> a_dirclel [3x1] _ double [4x1] —12{12?» Prop_BUS
Mbz_signed 12{12} .
doublg 3] ) Prop_BUS Com parison

[3x1] double [4x1]
wMOT _signed - wMOT_signed -

double [32 3{3} [4x1] — 13{51}
Outt ——+ o CMD_BUS : e VEH_and-PEND_BUS : —
[3x1] B = double [4x, {51}
CLAW out [u_SM]
[4x1]

CLAW Control SyStem DeSign

double (3%
feees, | — e
8 VEH AND PEND BUS

Plant Modelling

CONVENTIONS ( \

SM_EVES Math (Commercial
Doutle slick Home ek ISUT_SM] > qut| ' Derivation CAE

LOAD )
LOAD the vehicle and

Control LAWY PENDULUM D]
parameters N /\'

w
G
Z

ORE RS

k.

a_circle1

SAR

H _ Code generation for
‘ 2l deployment

Ready View 2 warnings 125% ode23t
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Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter Arduino Triplex Pump
Simulation Mobile Rover  Digital Twin

* Model-Based Design
for autonomous vehicle

* Integrates control,
communication, path
planning, and
localization

 Multidisciplinary system

MATLAB EXPO 2019
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Arduino Mobile Rover in Action

4| Figure 2: Map of the Robot

File Edit View Insert Tools Desktop Window Help ~

Dedde | @ (06| K[E

100

90

80

70

60

50 r

40 1

30 1

20

MATLAB EXPO 2019
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Mobile Rover Basics

Arduino+
Motor Control

DC Motors+
Encoders

MATLAB EXPO 2019

Battery

Servo Motor

Ultrasonic
"'/ ./ \ Sensor

b

4 v

4\ MathWorks
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Workflow

4\ MathWorks

1. Modelling and simulation

Mathematical
Models

R 2
—r-—r-

2. Deploy to hardware

3. Integrate with localization using Wi-Fi

MATLAB EXPO 2019

C/C++
code

91°
(25.25)
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Modelling and Simulation
Rover kinematics

Wheels velocities

Forward velocity (V)
Rate of rotation (w)

Rover velocities Input Output Rover trajectory

v ) Trajectory on x axes (x(t))
y! Right wheel speed (w,) Trajectory on y axes (y(t))
j9 Left wheel speed (w,) Angle of rotation (6(t))
e ’500 [w, w]=f(v, w, L, r) [x(1), y(t), 8()]=f(v, w)
ICC W

X

MATLAB EXPO 2019
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Modelling and Simulation
Rover kinematics

L roverSim - Simulink — O X
File Edit View Display Diagram Simulation Analysis Code Tools Help
E-=-8 LEg-E-@ QI = H-[11_ | [Noma - @ &~
® rouerSirn [ E&
@
E3
v (cm/s) &
A
10 (&
1| |Group 1
— Signal 1 P v wl (deg/s) ——P»| LeftSpeed
>
5 t(s
o (degls) (s) v (cm/s)
Group 1
— Signal 1 P w wr (deg/s) — | RightSpeed
18 ]
w (deg/s)
> convToWheelVel Rover Simulation
510 t(s) Forward kinematics
- /2
~ i R Y B
»
Ready 282% FixedStepDiscrete

MATLAB EXPO 2019

4\ MathWorks

Inverse kinematics

t

x(t) = j v *cos(0) dt
%

y(t) = j v xsin(8) dt
0

o(t) = ftw dt
0

24
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Modelling and Simulation
Path Planni_nmgxand Motion Control

w = angCtrl(desAng,ang);

T
g

7 N\

Pick-up / Drop Turn

ATLAB Funclion . 1B ;

desDistance = calcDisi(Index)
- [WPIndex == size(Waypoints,1)]

N ¢ [Semulink Function
w = angCrl(desAng sctAng)

M 0 V e (@ Simulnk Functicn
Forward

-5
- » |@

|4 Figure 1: Map of the Robot
File Edit View Insert Tools Desktop Window Help B
Dede|@2|/08 | xE
Stateflow (chart) roverSimPath/Plan path and motion control - Simulink — (m] X
100 T iC P
20| o Flnal destlnatIO N File Edit View Display Chart Simulation Analysis Code Iotils Help -
i ] B-o-Hes BB o dQPEEE@ B E ] e B| @~
: | | Plan path and motion 7contro| 7 A 7
. @® roverSimPath » G Plan path and motion control »
i ° Object location By =
40 1 Q
sor g
20t @ Pause
L i entry:
© ° Rover location =) v = 0: w= 0; FLAng = 1251
% 10 2 . 4 s s 0 e s 100 o -
“ [ ﬂer(1 ,sec) MoveForwardAndDrop
Turn >
O en: [abs(desAng - ang) < 0.25] _ [WPIndex == 2]
Legen d desAng = calcAngle(WPIndex); e =
) @] 0 : [WPIndex == 1] ¥
Path plan ning iC v=0; MoveForwardAndPickUp
#
4
i}
®
=]
=]

After activation of Transition after(1,sec) 41% T=1.000 ' 6% FixedStepDiscrete

MATLAB EXPO 2019
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Workflow

Mathematical
Models

1. Modelling and simulation

R 2
—r-—r-

4\ MathWorks

2. Deploy to hardware

3. Integrate with localization using Wi-Fi

MATLAB EXPO 2019
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Deploy to Hardware

"i roverHwPath - Simulink

4\ MathWorks

Plan path and Motion Control

File Edit WView Display Diagram Simulation Analysis Code Help
-T-{ e s @ -E-® » [ ] [oem @ ~|e -
e
mveerPam 4
@ [ ———————————————
E3 1
Inputs 1 | Rover hardware
- |
: .
] . . 1
dist dist EEE—— | (deg/ wi
= Actual distance = v v wl (deg’s) : >
1
1
: LeftMotor
1
1
1 +
an an WP w wr (deg/s 1 wr
g Actual angle 9 (degls) 1
I —
1
I -
- 1 RighthMotor
Actual distance and angle convToWheelVel 1
1 ARDUINO
10 10 :
50 50 Waypoints FLANg i
50 40 1
: Servo Motor: 1
Waypoints N V, : ForkliftMotor
1
1

MATLAB EXPO 2019

S S,
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Deploy to Hardware

MATLAB EXPO 2019

entry:

Pause '
v=0;w=0; FLAng = 125

‘f after(1,sec)

Turn

][abs(desAng - ang) < 0.25) [WPIndex == 2]
Q2 =

en:
desAng = calcAngle(WPIndex);
du:

v =0,

w = angCtri(desAng,ang);

[
|

1
[WPIindex == 1] r

MoveForwardAndPickUp

-

[FLAng > 124
2pa———

1
[WPIndex == size(Waypoints,1)]

MoveForwardAndDrop

~

.,A - Figure 1: Map of the Robot - [m] X
File Edit View |[nsert Tools Desktop Window Help
Déde @ 08| RE

100
0
80
60
(o]
40
20
o
0
0 20 40 60 80 100

4\ MathWorks
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Workflow

1. Modelling and simulation

2. Deploy to hardware

Mathematical
Models

L
—Bd —

e

4\ MathWorks

3. Integrate with localization using Wi-Fi

MATLAB EXPO 2019
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Get Location Data over Wi-Fi

(12,37) 91°
%+ ®
= ‘ < (25,25)
Taking TS - Image > Llcticatlortl _
plcture of i n Processing resu s.se.n Via
arena l/ Wi-Fi
Webcam on top of a table; > x =
Tethered to PC B .

(0,01

 RGB threshold applied
 Noise removed
e Centroid identified

MATLAB EXPO 2019
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ONE SOFTWARE PLATFORM
TO PROGRAM YOUR HARDWARE

e N
Arduino Parrot '
Minidrones TI C2000

Y
I?l‘l !
(

Raspberry Pi i
PLETTy LEGO Mindstorms EV3 = bilere
9 ARG /AN Y,

MATLAB EXPO 2019
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Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter Arduino Triplex Pump
Simulation Mobile Rover = Digital Twin

« Complex industrial
application

« Combines engineering
and data science

 Cloud computing

MATLAB EXPO 2019
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BAKER
UGHES

a GE company

Triplex Pump

PINPOINT
,‘——;Rli‘-‘“.

MATLAB EXPO 2019
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Predictive Maintenance Using Digital Twins

4\ Mechanics Explorers - Mechanics Explorer-sm_pump_triplex — | 4

File Explorer Simulation

View Tools Window Help 2 x

RE QO N WAFIIH T ¥ |3 8|view conventionv]| [0 |

| Mechanics Explorer-sm_pump_triplex = |

?,,- sm_pump_triplex
=% Pump

__ooo Config

"Ooo Crank

"Ooo Housing

--°o° Plunger_1

--°o° Plunger_2
__ooo Plunger_3
,J,v,- World_Frame
-- #» Revolute Crank
B-Connection Frames

-

ﬁ sm_pump_triplex * - Simulink - O *
File Edit View Display Diagram Simulation Analysis Code Tools Help

B-o-3 - E-edOP » [ -0 E-
sm_pump_triplex

A
= pMeas pMeas

& Diagnostics: On

=

=]

(&)

O

(@ .

»;| No Fault Blocked Inlet Seal Leak Worn Bearing

» < >
Ready 219% auto(ode23t)

a4
H

©@ O MEETEIEIE) e | |l |

How can | teach students these concepts if | don’t have a real pump?

MATLAB EXPO 2019

4\ MathWorks

34



4\ MathWorks

Prevent system downtime

4. Pressure with Noise - O

File Tools View Simulation Help

Q- BOPE® - K-+ H-

by sending
Sensor Data

3]

to a Predictive
Maintenance
algorithm

Ready Sample based | T=1.500
4\ Mechanics Explorers - Mechanics Explorer-sm_pump_triplex - O *
Eile Explorer Simulation ¥iew Tools Window Help A X
RE QO8I @I I A I g |H ]| [F B |view convention: | ~|| >0 ~

Mechanics Explorer-sm_pump_triplex

-?_,- sm_pump_triplex N
=+ Pump

3% Conf a

+ Crank

5" Housing

+ Plunger_1

75" Plunger_2

+ Plunger_3

- A World_Frame

- #* Revolute_Crank

H-Connection Frames

F% 2

@) T @) 11ex | time oz

MATLAB EXPO 2019

created using a
Digital Twin and

Machine
Learning model
in MATLAB.

P4 sm_pump_triplex * - Simulink - O x

File Edit View Display Diagram Simulation
-=-3

sm_pump_triplex

Analysis Code Tools Help

@ -E-e g P

() ~
= pMeas pMeas @

(& Diagnostics: On

=3

=)

()

- No Fault Blocked Inlet Seal Leak Worn Bearing

» £ > :
Ready 219% auto(ode23t)

Model 1.18

12%

Block P1

Block P1, Worn Bearing

Leak P1

Leak P1, Block P1

True class

Leak P1, Worn Bearing

Nominal

Worn Bearing
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Triplex Pump
Failure Algorithm
_ Diagnosis

= Crankshatft drives three plungers J Pressure

— Each 120 degrees out of phase N Sens;r

— One chamber always discharging | |

— Smoother flow than single _ | § - /

or duplex piston pumps ' . S}

.
o

A
o

== Plunger 1

Volumetric Flow Rate at Output
——Plunger 2| Crankshaft
Plunger 3
—F’urnp

LA

06 062 064 066 068 07 072 074 0.76
Time (s)

Flow Rate (lpm)
[
=)
————
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’i sm_pump_triplex * - Simulink — O p7d 0
File Edit View Display Diagram Simulation Analysis Code Tools Help a2 x
EA-ov-F @ OB d®Pb = -5 ] Mema @D~ - QG- O~
sm_pump_triplex »
@
i | \
E ' 9P |4 /B |
o = Sensing =
= <—> Pq Out Load
] ,
s ars (O =
e _ In3 f} J,
. Driver: Motor / Pump Input Manifold CK—;L? //6 7
Y i
o gln _
= Pump Model | L] Fud (| |
— @_’ Properties

Fl
Output Pressure Sensor Data }-\.pMeas " Mozs @ b

Diagnostics: On

Predictive Maintenance Algorithm | A, (/\ f\ (/’\
( ) \ ‘\ )
/ /
i W@ W W W
Fault Indicators No Fault Blocked Inlet Seal Leak Worn Bearing

=

— ’Time 0,010707 |

»
auto(ode23t)
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Predictive Maintenance Workflow [ Build Digital .
L Twin .. - ) e :
Sensor Data Swoep Test of Faults (indvidual and
= Sensor data isn‘t always available (" Obtain and :/’MMW
— Failure conditions difficult to reproduce L Explore Data “ I
— Time consuming or costly to generate e
Solution: Build digital twin and generate " S ot oo e

Pre p Focess 3 00021 00063 03319 00006 Le
Tra| N | ng Data 3 00021 00104 0.3319 00073 Bl

32 0.0021 0.0107 0.3319 0.0075 ... Blc
33 0.0021 0.0109 0.3319 0.0077 Blc

sensor data using simulation

= Developing algorithm is complex

— Requires complex concepts and analysis Develop
Solution: Use MATLAB to simplify process of Predictive Model | *--
developing and deploying algorithm
NN [TTTITTT]
Deploy $Er:’aultCIassiﬁer i § E
Algorithm ~~ ™[ JControl[

Simulation Unit

MATLAB EXPO 2019
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Bring these exercises to your classroom!

Quadcopter
Simulation

» Develops Computational

Thinking for complex
systems

» Enables comparisons of
theory and simulation

* Principles of control and
path planning

MATLAB EXPO 2019

Arduino
Mobile Rover

* Model-Based Design
for autonomous vehicle

* Integrates control,
communication, path
planning, and
localization

 Multidisciplinary
system

4\ MathWorks

Triplex Pump
Digital Twin

« Complex industrial
application

« Combines engineering
and data science

 Cloud computing
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Key takeaways
= Digital Transformation is revolutionizing the industry

= New graduates will be expected to address challenges like these

= Experience with tools and workflows used in industry make students more

hireable
Basic Research
Discovery
Research Graduate Education

Universities

Knowledge Innovation

Curricula " Expertise

Undergraduate
Education

‘ Skilled Labor ,

Tools and Technology

Product Development

Workforce Training
Future Researchers

Applied Research J

Industry

MATLAB EXPO 2019
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2040: Austria is world leader in STEM education

,.,, Bildungs.netzwerk
% Technik Osterreich
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[From Google Maps]

Strengthen STEM education and secure local industry in Austria

Multicopter for teaching and research

MATLAB EXPO 2019

Connect stakeholders in academia, industry and government.
GOV COM |nitiate, and support high-impact STEM projects.
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g Bildungsnetzwerk

':.'-'.'.'- Technik Osterreich
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Osterreichische
Mafthematische
Geselschaft

SAL

SILICON AUSTRIA LABS

A

-

"= Bildungsdirektion
Karnten

= Bundesministerium
GovV Bildung, Wissenschaft
und Forschung
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MANAGEMENT CENTER
INNSBRUCK

Ty
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infineon

KOOPERATION MIT KOMPETENZ

PERFECTION IN AUTOMATION Com

A MEMBER OF THE ABB GROUP

42



4\ MathWorks

Infineon
Courses

Research J =i N i, S PH R
: : 4 TECHNIKUM
in AERO

Turn CHALLENGES into OPPORTUNITIES

ooooo
oooooooo

.......
sise

Market W Prcpare
pen6trat|0n Stuttgart StUdentS

in AERO for INDUSTRY

i b 8

C
> |®
5
N
MANAGEMENT CENTER
INNSBRUCK

Recruiting Retain

Hiring Students in 1 semester

Universitat
Stuttgart

Positive
Learning
Experience

1 Million

Brand
awareness o ———
24 hrs

MATLAB EXPO 2019
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CALL TO ACTION!

4\ MathWorks

/| Build relationships

7Partner

7Design joint projects

7Actively collaborate
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