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Overview

= Matching engineering design tasks to models

- Examples
— Hybrid vehicle powertrain - with focus on need for multiple models
— Photovoltaic system - with focus on plant design and control

= Tutorial — faulted DC motor
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Models must be matched to the engineering design task
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Design task: Predict & optimize system performance

Model requirements:
« Faster than real-time for drive cycle analysis
« Component efficiency information as function of operating point
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Models must be matched to the engineering design task

‘7’& elec_actuator_dc_piezo - Simulink = O x
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' « Predict losses and heat
« Assess faillure modes
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Models must be matched to the engineering design task

*ﬁ pe_ipmsm_torgue_based_load_control/Control - Simulink
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FixedStepDiscrete

Design task: control
system design

Model requirements:

« Linearizable

* Include relevant
dynamics

« Key tolerances &
uncertainties defined

* Physics readily
understandable (no
black boxes)
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Models must be matched to the engineering design task

|
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Design task: reliability
assessment

Model requirements:

Operating limits
Tolerances

Fault behaviours
Behavioural fault triggering
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MathWorks is committed to supporting diverse modelling
requirements

Datasheet-driven Measurement-based | | Design data import
parameterization parameterization from specialist tool
Abstractable to Configurable Architecturally
mapped model fidelity reconfigurable

Capture operating Faultable

limits and apply
tolerances

Deployable

MATLAB EXPO 2018
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Overview

- Examples
— Hybrid vehicle powertrain - with focus on need for multiple models

MATLAB EXPO 2019



Hybrid vehicle powertrain example
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Power Spilit
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Vehicle Body

Architecture selection

Compare series, parallel and
power-split
Re-use same set of

subsystems (battery, motor,
engine etc)

l.e. an architecturally
reconfigurable model

Enabled by Simscape™
physical connections

4\ MathWorks'

1.Trade-off
studies/select
architecture




Hybrid vehicle powertrain example

Battery

- Datasheet-driven blocks from Simscape Electrical™
_%I- Battery %%} Battery

= Option to model temperature & cooling

Inlet
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V@R— =
r|_:I_:_
Generator [ R L7
Power Split ~ Engine
sy C[;C'DC WMotor Vehicle Body

nverter
Power-split

1.Trade-off
studies/select
architecture
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Hybrid vehicle powertrain example = (e
| P22 U
DC-DC Converter
- Datasheet-driven blocks from Simscape Electrical™ 1.Trade-off
studies/select
1"== 2t Main Losses Dynamics Faults architecture
s vl |
- onverter i
: independent of losding: 120 | [w g
d
R
D
P
ré
Power direction: Bidirectional power flow <
Maximum expected 200 | |A .

supply-side current:

MATLAB EXPO 2019
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Hybrid vehicle powertrain example _ A
PMSM Motor and PMSM Generator
- Datasheet-driven blocks from Simscape Electrical™ 1.Trade-off

. ) studies/select
"'—‘- Simplified architecture
A\ PMSM
&%Q @ Drive
Parameterize losses by: Single efficiency measurement e
Rk |
Paran Speed at which efficiency |2800 ‘ |rpm V|
is measured:
Maxin Torque at which efficiency |10[} ‘ |N*m v|
is measured:
Maxin..... pwreen. ; e |
Torque control time constant, Tc: |U.1 ‘ |s v|

MATLAB EXPO 2019
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Hybrid vehicle powertrain example

Power-Split (planetary gear)

MATLAB EXPO 2019

Main Meshing Losses

Friction model:

Sun-planet and ring-planet

ordinary efficiencies:

Datasheet-driven blocks from Simscape Driveline™

Viscous Losses  Inertia

Constant efficiency

[.96, .98]

4\ MathWorks

Table 1: Overall efficiency of the basic 2 d.o.f. basic gear train [3, 4].

Input | Driven
links links

Overall efficiency
e

“A Review of Formulas for the Mechanical Efficiency [

Analysis of Two Degrees-of-Freedom Epicyclic Gear 7y | "i(k-i)
Trains“, Pennestri, Valentini

J.k b1
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V@R
1
Generator
sy  coine
A0
Battery DC-DC Motor Vehicle Body

Power-split

1.Trade-off
studies/select
architecture

13



Hybrid vehicle powertrain example

Vehicle and Drive Cycle
= System-level blocks from Simscape Driveline™

Fiy W

) = =
v
]

z s L%
W W i

Main Drag Pitch Variables

Frontal area: ‘3 ‘ | m”~2 v‘
Drag coefficient: ‘0.4 ‘
Air density: 1.18 | |kg/m~3 v|

= Automotive-specific blocks from Powertrain Blockset™

Rélspd

Drive Cycle Source

Drive cycle source: FTP/5
Specify variable Select file
Install additional drive cycles

FTP75 (2474 seconds, Cyclic)

MATLAB EXPO 2019
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V@R— =
; I_Z_
Generator [ 7 L7
Power Split ~ Engine

i[AhH

Power-split

1.Trade-off
studies/select
architecture
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Hybrid vehicle powertrain example

Optimize selected architecture pagui[iy 18
- Sensitivity of drive cycle g

efficiency to key design il 7 U SO

parameters e.g. battery weight T power-split Y 2. Optimize
- Direct optimization of key selectea

architecture

design parameters

Enabled by MATLAB® scripting
and Optimization and Global
Optimization Toolboxes

MATLAB EXPO 2019
15
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Hybrid vehicle powertrain example - L’U B

o)

hicle Body

Battery
= Measurement-based blocks from Simscape Electrical™

Main Dynamics Fade Thermal Variables

— Battery
— E% (Table-Based) Fade characteristics defined

VO(SOC,  after N discharge cycles (%):
Terminal resistance,
RO(SOC,T):

Ampere-hour rating,

AH(T):

design

by: Equations

Main | Nl..lmbf':l' of discharge cycles, 400

E;‘ff;’;‘i Change in no-load voltage 5

Temperz after N discharge cycles (%): -

tables:  Change in terminal resistance .

Vector o after N discharge cycles (%): 2 - 3. Detailed

No-load  Change in ampere-hour rating [ — component
v

008; .039, .012, .006; .027, .013, .021]| |Ohm

2.9, 4.1, 4.2] | [hrea v

MATLAB EXPO 2019
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Power Split

Hybrid vehicle powertrain example

PMSM Drives
= Three constituent parts

d d } Reference
: 0l . D5
: iabcSens Gp
—1 2 : wSens
A c
2 . g J thSens o
!@ 0 . - Visualization [
; : N vdcSens

PMSM Field-Oriented

- Modelling fidelity must be sufficient to: Gontrel 3. Detailed
— Predict overall drive efficiency component
— Predict electrical harmonics at DC supply design

— Predict torque ripple applied to load
— Ensure components stay within operating limits

MATLAB EXPO 2019
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Hybrid vehicle powertrain example

r
Power-split

PMSM Motor

- Magnetic finite element level model required to:
— Determine flux linkage as function of currents and rotor angle
— Determine iron losses as function of load and speed

= Import into Simscape using the Simscape Electrical™ FEM-
Parameterized PMSM block (Design data import from
specialist tool)

Electrical ~Iron Losses Mechanical Variables

- F — Winding type: Wye-wound - 3 . Deta| |ed
— c— . -

1 e %i’ect—ams current vector, |idVec | | A v| Com ponent
—t HBl—— \?g;grra%reaxls currentfiqvec | [a ] desi g n

g @ R Rotor angle vector, theta: |x‘u"ec | | rad ~ |

FEM-Parameterized A-phase flux linkage partial

PMSM derivative wrt iA, [dfluxAdiaMatrix | [wo/A v
dPhIA(ID, Q,theta)/diA:

A-phase flux linkage partial

MATLAB EXPO 2019
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Simscape Electrical
Import from Maxwell (ANSYS)

Phase voltages
500 R = a9
v

A
Vg
c

T

0 0.002 0.004 0.006 0.o08 0.01

Yoltage (V)
[ ]

-500

>> elec_import_fem maxwell

>> elec_import_fem motorcad

MATLAB EXPO 2019

Maxwell

Export

Data in

ANSYS Format

Restructure into
MATLAB variables

Simscape *

Block choices »

4\ MathWorks

2-D data | No thermal port

]

FEM-Parameterized
PMSM

2-D data | Show thermal port

3-D A-phase data | No thermal port
3-D A-phase data | Show thermal port
4-D A-phase data | No thermal port

4-D A-phase data | Show thermal port
. 3-D DQ data | No thermal port s
3-D DQ data | Show thermal port

19
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Hybrid vehicle powertrain example

=
T -DC Vehicle Body
Semiconductor switching devices
= Artefacts that must be modelled to predict timing and losses:
— Non-linear |-V characteristics Gate-source voltage
— Non-linear charge characteristics
= Modelling options f,..--"n;..;"p.ateau
— Tabulated |-V and capacitance /
Main  Junction Capacitance =~ Temperature Dependence '
Parameterization: ‘Specify tabulated input, reverse transfer and output capacitance ~ |
Input capacitance, Cies: [ 80 40 32 28 27.5 27 26.5 26.5 26.5 ] | |nF v| 3. Detailed
Reverse transfer )
capacitance, Cres: [5595.53.1252119181.7] | |nF v| component
Output capacitance, Coes: |[ 5520 1286 4.8 4 3.5 3.1 ] | |nF v| design

Corresponding collector-

emitter voltages: [01251015202530] v <]

— Imported SPICE subcircuits

MATLAB EXPO 2019

20
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Simscape Electrical R2008a " |20t
SPICE Import (25—
. s JJ N equations
« Convert SPICE models into ﬁ g (d.v-0x.v)
. (if (d.wv
Simscape components “i* Library Language
— Command subcircuit2ssc
— Converts subcircuit definition to a d °
Simscape Language component
o
_| testMosfetNetlist bt \I_ - \I I’ testMosfetMNetlist bt | ipt015n10n5_l1.ssc \I_ - \I
.FUNC TIdiode(Usd,Tj,Iss) {exp(min (1« components (ExternalAccess=cbserve)
.FUNC Idiod(Usd,T3) {a*Idiode (1 X1l = test.sb 100 f var(a=act,rsp=r

rs=rs,rp=rd,dc=dc, rm=rm) ;

.FUNC Pr(Vss0,Vssp) {Vss0*Vss0/Rm+? RG = elec.passive.instrumented res
LG = foundation.electrical.element
.FUNC J1(d,g,T,da,s,x) {a*(s*(exp (mii i L.priority=priority.none);
RSA = elec.passive.instrumented re
.FUNC QCds(x) {Cds3*min(x,x1)+Cds0*m: LS = foundation.electrical.element
TIIRTT AW Al far ) [ mar A dervnaom far arN 1 mnr D dewn A T smsnd e yye—amnng mgng vy oy}

MATLAB EXPO 2019
21



Hybrid vehicle powertrain example

PMSM Drive Test Harness

PMSM Controller
Computational ZOH rpm

Delay rpm [ Tw rpmill
G meas [ Tw

i v i
G A——LT__T————J Eﬂ f%j Torque

] Source

b R trgp—+ B
b2 b Ll Elf&k_

Cl—

_ £ | .

500V
> ee_mntor_pmsm_drive

Running the PMSM Drive Test Harness model to generate simulation data
Efficiency = 86.3198% when speed = 1400rpm and torque = 200Nm
Losses in watts by component are as follows:

i

4\ MathWorks'
Oy I m

Power Split

LoggingNode Power
{'ee _motor pmsm drive.FEM Parameterized PMSM' } 3562.4
{'ee_motor_pmsm_drive.Three_?hasg_;nverter.Switchl.IGBT.transistor'] 161.9

MATLAB EXPO 2019

Power-split

3. Detailed

component
design

22
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Hybrid vehicle powertrain example et

Z 4|<|}

8
a
b=

Vehicle T o
= Simscape Multibody ™

— Steering and suspension design

— Determine torque ripple coupling to steering and chassis

3. Detailed

component

Il
L Suspension Assembly R Suspension Assembly

Road Profiles Double Wishbone Suspension Performance .
S ) S (] This example ilustrates a double wishbone front wheel automotive suspension. The suspension is lm.‘« d e S I n
(- o] mounted on two platforms that can independenty mave up and down to Simulate & road profile on
@ each wheel. For a given pair of road profiles, the resultant roll and bounce of the chassis can be m
m studied and the suspension parameters tuned for optimal performance. The inputs to the two
platforms are the road profile and its denvative. The platforms have a PD controller that controls the m

wvertical position of the platform to mimic the input road profile. See "Road Profiles™ block dialog for
details on the test road profiles.

Capyright 2012-2013 The MathWorks, Inc.

>> sm_double_wishbone_suspension

MATLAB EXPO 2018
23
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m . - v Tl
Hybrid vehicle powertrain example o ATl

Design validation

= Revise system-level model (Abstractable to mapped model)
— Update drive cycle efficiencies, predicted range etc.

- Validate detailed components deployed in full vehicle
simulation

— Components must stay within permitted operating points (Capture
operating limits and apply tolerances)

— Assess impact of detailed component behaviour at system level
(Configurable fidelity)

= HIL and simulator testing

— Simulink Coder deploys controllers and physical models to hardware
(Deployable)

— Abstraction of chassis if needed using Vehicle Dynamics Blockset™
(Configurable fidelity)

MATLAB EXPO 2019

4. Design
validation
24



Overview

- Examples
— Hybrid vehicle powertrain - with focus on need for multiple models

MATLAB EXPO 2019

4\ MathWorks:

25



MathWorks is committed to supporting diverse modelling
requirements

Datasheet-driven Measurement-based | | Design data import
parameterization parameterization from specialist tool
Abstractable to Configurable Architecturally
mapped model fidelity reconfigurable

Capture operating Faultable

limits and apply
tolerances

Deployable

MATLAB EXPO 2018

4\ MathWorks
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Overview

- Examples

— Photovoltaic system - with focus on plant design and control

MATLAB EXPO 2019

4\ MathWorks:

27



Photovoltaic generator

- Task: Assess/check stability margins
- Solution #1: Linearize and view Bode plot using Simulink Control Design
= Solution #2: Run a frequency-response identification exercise

MATLAB EXPO 2019

+

-C- el Irradiance

Solar Plant

> Sl S

Supply Current

V) wama—
Vipw (V)

Circuit Breaker Grid
Power Circuit Green=closed/Red=open
Wac — VA w Angiteq

dref
s T}l

T

PLL and Protection

MPPT

Single-Phase Grid-Connected Solar Photovoltaic System
1 Open solar plant configuration script (load data)

2. Linearize the solar plal

nt (see code)

3. Configure MPPT method: P&0, Incremental Conductance
4. Configure inverter: Average, Continuous, Discrete

5. PV system protection:

Enable, Disable

6. Explore simulation results using sscexplore

7. Learn more about this

example

ac
ac

Power angle angle
s [ >spi—s
sd —b-\-"sd

[lac >
I
% g L TripSig i

—— Idref
[Tac >—lac
[EgE_>——{ane
e >——{ ot
_>——{um

|
LI )

Power >——— .
- Power (KW)

w2 (1)

pul yif——m]

Linearization
110 points

—

Current Controller

&\ MathWorks
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Photovoltaic generator
Solution #1: Linearize and view Bode plot using Simulink Control Design

d ¥

]

oo o

) GL—M™
PWM Generator |

’32'@.—_55
G3$u— i

@Hﬂ/ .

o
+
—Ué

24

2

(Z)—>jmess w2
TripSig
Protection
(I 3—»—2>ju y PlDUtyCycle
o Map [-1,1] —_——
to [0.1
2y 2 1+ ‘t_
+ —
3D i B,
Average-Value
(2 )—3 Chopper

TripSig

MATLAB EXPO 2018
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1. Remove switching

— Simscape Electrical
average-value converters

2. Add linearization 1/O

— Simulink Control Design
analysis points

3. Define operating point

— Simulate to desired
operating point

4. Linearize

— Launch Simulink Control
Design Ul

29



Photovoltaic generator
Solution #1: Linearize and view Bode plot using Simulink Control Design

(:}—blac: Iqlq

Supply Current to dq

Linear Analysis Points

Signal Hierarchy

Properties
Walph Vmod  ml P

Linearization Manager...
»+ Open-loop Input
1% Open-loocp Output

(6 )—»vic m2

Modulating Signal

100% ode23t

L.t Loop Transfer

- Loop Break

+} Input Perturbation

-1 Output Measurement

31 Sensitivity

14 Complementary Sensitivity
T Trim OQutput Constraint

(2) Help Me Select...

Ymod ml =

(6 3—wvie m2f—»(2)

MATLAB EXPO 2018

Modulating Signal

4\ MathWorks

1. Remove switching

— Simscape Electrical
average-value converters

2. Add linearization 1/0O

—  Simulink Control Design
linear analysis points

3. Define operating point

— Simulate to desired
operating point

4. Linearize

— Launch Simulink Control
Design Ul

30
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Photovoltaic generator

Solution #1: Linearize and view Bode plot using Simulink Control Design

FORMAT APPS

MODELING

B
Requirements Simulink
Manager Test

DEBLUG

Embedded
Coder

SIMULATION

Model
Linearizer

Linearization
Manager

ESTIMATION

LINEAR ANALYSIS

Analysis I/0s: Model I/0s =
Operating Point: t =02«

| Load Session
il Save Session

& Preferences
EiE =B FIE

Parameter Variations: pone -

MATLAB EXPO 2019

2. Add linearization 1/O
— Simulink Control Design
analysis points
3. Define operating point
— Simulate to desired
operating point
4. Linearize

— Launch Simulink Control
Design Model Linearizer Ul

31



Photovoltaic generator
Solution #1: Linearize and view Bode plot using Simulink Control Design

an ==l

alk

Step Bode
LINEARIZE

Impulse

Myquist

Magnitude (dB)

Frequency Response (Grid-Connected Solar PV)

101 102 10° 10% 10°
&, A EMA QA 4
s0F ! 1
T
1 - \
a
(7]
]
£ -150 2
o.
200 ' ' : :
10° 101 102 103 104 10°

MATLAB EXPO 2019

Frequency (Hz)

1. Remove switching
— Simscape Electrical
average-value converters
2. Add linearization I/O
— Simulink Control Design
analysis points
3. Define operating point
— Simulate to desired
operating point
4. Linearize

— Launch Simulink Control
Design Model Linearizer Ul

4\ MathWorks
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Photovoltaic generator
Solution #2: Run a frequency-response identification exercise

oy —fumos  mafid ] D 1. Add a Simulink Control

y Response datafy mi

(B )—wvee m2p»_2) starﬂsggtimamr frdfp DeSign Frequency
o " E T Response Estimator

Madulating Signal
block.

R 2. Configure for frequency
Output Signal Configuration Data Type p0| ntS and Sam ple tl me.
sample time (Ts) | :|  (® control action + perturbation ‘e double 3
| perturbation only single ’
Excitation Signal Source Excitation Signal Settings
e Block parameters Frequencies 000 5000 6000 7000 8000 9000 10000]|:| |Hz b4
External ports Amplitudes 0.5
Experiment Mode Experiment Settings
(@ Sinestream Mumber of settling periods |10
| Superposition Number of estimation periods |20

33



Photovoltaic generator
Solution #2: Run a frequency-response identification exercise

Boge Dlagtam 1. Add a Simulink Control
Design Frequency
Response Estimator
block.

* | 2. Configure for frequency

10

Magnitude (dBE}
l..l.ﬂ i | Ln

=
[
T

1
=
Ln

i
W
=

3. Run the model.

-120 t %

Phase (deg}

baseline &
£ #*estimated

-150 -
Frequency (rad/s)

MATLAB EXPO 2018

= points and sample time.

4\ MathWorks
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Overview

= Tutorial — faulted DC motor

MATLAB EXPO 2019

4\ MathWorks'
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Faultable DC Motor TR

— /e
_V-\‘—"/ ¢ Inertia

DC Motor

- Requirements

— Normal behaviour as example ssc_dcmotor <UI> AMWA—— ?
— Faulted behaviour: one winding open-circuit ) Rotatonal || .
Electromechanical ()--- Friction
Converter B o
- Non-requirements |
— Transients and electrical noise due to brushing <VE'\ ?
o Tx
- Solution
1. Convert DC Motor subsystem to a Simscape component !
2. Modify the component to be faultable X
+

MATLAB EXPO 2019
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Convert subsystem to Simscape component

s ub S y S t emz s S c Fu n cti o n [ C\Users\thyde\Desktop\EXBO\DC_Motor.zsc™ - o x
EDITOR
Eﬂj d Files @ Insert fx -
e Gpm S 5l compare * 5 GoTo~ Comment % & %3 Breakpoints
>~ v v SPrnt v Q Find ~ Indent [5] &3 [ - -
FILE NAVIGATE EDIT BREAKPOINTS =
1 % This component was automatically generated using 'subsystem2ssc’ ~
2 % Subsystem: ssc_dcmotor masked/DC Motor
V‘l‘ R @ _W- ' 3 % Generated on: 17-Sep-2019 13:39:31
/ 4 component (Propagation = blocks) DC_Motor
_| — W+ 5] parameters
| . + (3} F = {2e-05, 'm*N'}; %Friction torque (Nm)
Rotational 7 J = {.01, 'em*2*g'}; %Inertia (g*cm"2)
_'V- c Electromechanical [::] 8 Kt = {.0007, 's*V/rad'}; %Torque constant (Nm/A)
— Converter 9 L = {1.2e-05, 'H'}; %Armature inductance (H)
1 10 R = {3.9, 'Ohm'}; %Armature resistance (ohm)
DC Motor 11 end
@ 12 nodes
13 C = foundation.mechanical.rotational.rotational;
Add - 14 RO = foundation.mechanical.rotational.rotational;
15 V1l = foundation.electrical.electrical;
k 16 V0 = foundation.electrical.electrical;
mas 17 end
Block Pararmeters: DC Motar W 18 components (ExternalAccess = observe)
19 Rotor Resistance = foundation.electrical.elements.resistor (R =
DC Motor (maSk} 20 Rotor Inductance = foundation.electrical.elements.inductor(r =
21 Rotational Electromechanical Converter = foundation.electrical.
22 Inertia = foundation.mechanical.rotational.inertia(inertia = J)
23 Friction = foundation.mechanical.rotational.friction (brkwy vel
. . 24 end
Armature resistance (ohm) |3.9 ‘ i W nnections
26 connect (VO,Rotor_Resistance.p) H
Armature inductance (H) | 12e-6 ‘ 27 connect (Rotational Electromechanical Converter.p,Rotor Inductal
28 connect (V1,Rotational Electromechanical Converter.n);
a 29 connect (Rotor_Ind'uctance.p,Rotor_Resistance.n) H
Tﬂ'rque CGnStant (ijﬁ.:] ‘ :"E'4 ‘ : Subsyst emz s S c ( ng ) 30 connect (RO,Friction.R) ;
31 connect (RO, Inertia.I);
Inertia (g*cma‘\z) |UD1 ‘ : 32 connect (R0O,Rotational Electromechanical Converter.R);
33 connect (C,Friction.C);
FI‘iCtiOﬂ tﬂrql..le (Nm} ‘002&‘3 ‘ zg enzonnect(C,Rotational_E1ectromechanical_canverter.C) H
| K > ’
Simscape model file Ln 4  Col 1
Cancel | Help | Apply 37




|
Convert subsystem to Simscape component

Block Parameters: DT Motor
DC Motor (mask)

Armature resistance (ohm) |3.9

Armature inductance (H) |1.7_e—6

Torgue constant (Nm/A) |?e—4

Inertia (g*cm”2) (0.01

Friction torque (Nm) |0.02e-3

oK Cancel Help Apply
12
M- 1
ERRSr. 15
16

DC Motor
17

MATLAB EXPO 2019

o i ¥ R Y o A

e

nodes

4\ MathWorks

'm*N'}; %Friction torque (Nm)

'em*2*g'}; %Inertia (g*cm”2)

parameters

F = {2e-05,

J = {.01,

Kt = {.0007,

L = {1.2e-05,

R = {3.9, 'Ohm'};
end

's*V/rad'}; %Torque constant (Nm/A)
'H'}; 3Armature inductance (H)

3Armature resistance (ohm)

C = foundation.mechanical.rotational.rotational;

RO =
v1i
vo
end

foundation.mechanical.rotational.rotational;

foundation.electrical.electrical;

foundation.electrical.electrical;
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|
Convert subsystem to Simscape component

Inertia

a4

]

C
18 components (Ex§€rnalAccess = observe)
19 Rotor Resistance = foundation.electrical.elements.resistor(R = R);
20 Rotor Inductance = foundation.electrical.elements.inductor(l = L);
21 Rotational Electromechanical Converter = foundation.electrical.elements.rotational converter (K = Kt);
22 Inertia = foundation.mechanical.rotational.inertia(inertia = J);
23 Friction = foundation.mechanical.rotational.friction(brkwy trqg = F, Col trg = F);
24 end

MATLAB EXPO 2019
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|
Convert subsystem to Simscape component

25
26
27
28
29
30
31
32
33
34
35

4\ MathWorks'

Inertia
—(
D] D
W+ R
+ r
Rotational A s
Electromechanical (:j—--*’;“‘ === Friction
Converter ' | ' 3
. £
(ad | 32

YA
connections

connect (VO ,Rotor Resistance.p);
connect(Rotational_ﬁlectrnmechanical_pnnverter.p,Rotnr_;nductance.n];
connect (V1,Rotational Electromechanical Converter.n);
connect{Rotor_;nductance.p,Rotc:_Besistance.n];
connect (RO,Friction.R) ;
connect (RO,Inertia.I);
connect (RO,Rotational Electromechanical Converter.R);
connect (C,Friction.C) ;
connect(C,Rotaticnal_Electromechanical_ponverter.CJ;

end

-
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| .
Convert subsystem to Simscape component
Use Simscape Component block to instantiate

Block Parameters: Simscape Component x
untitled * - Simulink - O x
c DC_Motor
SIMULATION DEBUG MODELING FORMAT APPS
: — Source code
Stop Time q& (») HD - e,
FILE | LIBRARY | PREPARE ||_Normal ~ | Step Run Step Stop | REVIEW RESULTS |DC_M0t0r | g e
= = = O3 Fast Restart Back - - Forward =
SIMULATE a
untitled gance' HEID ﬂ:'ply
® |[Pa]untitied -
Q »‘D Epe—— C] Block Parameters: Simscape Component *
£3 DC_Motor
=
Source code Choose source
fx) =0 (
Simscape Settings
Component
O Parameters
Simscape Library Resources Friction torque (Nm): |2e-05 | [N*m v
1. Find components in the Simscape library. .
_ For more information, see Physical Modeling - Blocks. Inertia (g*cm~"2): |.01 | | g*cmn2 V|
[T 2. Connect the components to form a physical network.
For more information, see Essential Steps for Constructing a Physical Model. Torque constant (Nm/A): |-'00'37 | | V/(rad/s) "|
IE_EI 3. Explore simulation results using sscexplore .
Armature inductance (H): |1.2e—05 | |H v|
»
: Armatl.Jre resistance |3.9 | |0hm V|
Ready 100% VariableStepAuto (ohm):
Cancel || Help Apply




Convert subsystem to Simscape component
Label and order the ports

16 nodes

17 R0 = foundation.mechanical.rotational.rotational;/ s R:right
18 C = foundation.mechanical.rotational.rotat] % C:right
19 V0 = foundation.electrical.electrical;/~ V+:left

20 V1l = foundation.electrical.electrical;\® V-:left

21 end

MATLAB EXPO 2019

v+ Simscape p

V- DC_Motor C

Simscape
Component

4\ MathWorks'
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Faultable DC Motor AN
- N//_
V- Cl— Inertia
DC Motor _{,- ]
_ MWW — &
W+ R
- Rotaional II e
Electromechanica = ==[4P%] == Friction
Cu:verterl' [::] 'U ' :l_ Fret
& l ©
B - C
/\W-\-/
Solution
1. Convert DC Motor subsystem to a Simscape component !
2. X
+

MATLAB EXPO 2019
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Faultable DC Motor

Solution
1.

2. Modify the component to be faultable

MATLAB EXPO 2019

4\ MathWorks

A
v- N_// c

| — Imertia
DC Motor ~
—(H
g
W+ R
+ o
Rotational Y e
Electromechanical [::]— - = [4» === Friction
Converter T U|
| Ll l
< 4 } o < 3 }
W- C



Modify the custom component to be faultable
Requirements & functional design

= Fault behaviour

/JM — Path seen by brushes goes open

- circuit for 120 degrees of rotation

' = Implementation

— Represent this with a custom resistor
with resistance dependent on rotor
+* angle

MATLAB EXPO 2019

4\ MathWorks'
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| .
Custom resistor
R2019b

@ ChProgram Files\MATLAB\R201 9B\ toclbox\ physmedisimscapeilibrany\mi+foundation'+ electric...

IW_-“@W-@-E

Insert
- . G g Trene & | el gl
>> sscnewfile('FaultableResistor’|  , ... s.. [GElCompere v Sl6oTor Comment % ‘g 43 o |
|Z Chlsers\rhyde\Rick\FaultableResistor.ssc™ v v @Prmt v A Find = Indent B v —
FILE NAVIGATE EDIT BREAKPOINTS A
[ eoror R . ....: (sidden=true) branch
Find Fil Insert -
oA O3 [‘? ndFles | 42 et 12 S ; 2 % Electrical Branch
New Open Save [l Compare * ] GoTow Comment % % % R
- e Y @bt QFndv | Indent ] & B . 3 % Copyright 2005-2013 The MathWorks, Inc.
FILE NAVIGATE EDIT BREAKPOINTS 4 nodes
1 component FaultableResistor < foundation.electric: - p = foundation.electrical.electrical; % +:left
2 % Resist . . . .
esistor [ n = foundation.electrical.electrical; % -:right
3 % The voltage-current (V-I) relationshif\for a 1lii
. . . ) end
4 % where R is the constant resistance in o
5 g8 variables
6 % Copyright 2005-2016 The MathWorks, Inc. i=1{0, 'A" }; % Current
7 10 v={0, 'V' }; % Voltage
8 parameters 11 end
9 = {1, 'Ohm' }; % Resistance 12 branches
10 end 13 i:p.i->n.i;
1L 14 end
12 equations .
15 equations
13 assert (R>=0) ;
14 v == R*i; 16 Vv ==p.v - n.V;
15 end 17 end
16 18 end
17 end Simscape model file Ln 12 Col 13
Simscape model file Ln 5 Col 1
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| .
Custom resistor

@ C\Users\rhyde\Rick!\FaultableResistor.ssc*

B T 'l-tm@@@@E

]

IZ:]ZI 3 . ['qJ Find Files < Insert fx
MNew Open Save (] Compare ~ DfGoTo~ Comment % g 43 Breakpoints
- - ~ = Print v (| Find = Indent [E] &2 |5 -
FILE NAVIGATE EDIT BREAKPOINTS
1 component FaultableResistor < foundation.electrical.branch
2 % Resistor
3 % The voltage-current (V-I) relationship for a linear resistor is V=I*R,
4 % where R is the constant resistance in ohms.
5
6 % Copyright 2005-2016 The MathWorks, Inc.
1
8 parameters
9 R={1, 'Ohm' }; % Resistance
10 end
11
12 equations
13 assert (R>=0) ;
14 v == R¥*i;
15 end
16
17 end

Simscape model file Ln 5 Col 1

MATLAB EXPO 2019

4\ MathWorks'

To do:

1.

Add a variable for rotor
angle.

Add a parameter for faulted
resistance.

Make resistance a function
of rotor angle.

Add logic to enable the
fault.

47



| .
Custom resistor

14 wvariables
15 rotor angle
1¢ end

MATLAB EXPO 2019

{0,

4\ MathWorks

'deg'}; % Rotor angle

-« To do:

1. Add a variable for rotor
angle.

48
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Custom resistor

8 parameters

9 R= {1, 'OChm' }; % Resistance
10 Rfaulted = { 1, 'MOhm' }; % Faulted resistance
11 end

-« To do:
1.

2. Add a parameter for faulted
resistance.

3.

MATLAB EXPO 2019
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| .
Custom resistor o
open_circuit is zero for 1/3 of

18 equations a revolution, otherwise one.

19 let

20 open circuit = if gt(sin(rotor angle),sin(pi/6)), 1 else 0 end;
21 in

22 v == (l-open circuit) *R*1 +open circuit*Rfaulted*i;

23 end \/
= end - To do:

Switch between armature ’
resistance and faulted '
resistance values

Advanced: note use of “gt” rather than “>” in conditional.

3. Make resistance a function
This takes out zero crossings which would cause of rotor angle.
numeric issues around zero speed. 4

MATLAB EXPO 2019
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Custom resistor

8
9
10
11
12

20
21
22
23
24
25

lze
127
|28

4\ MathWorks'

parameters

end

R={1, 'Ohm' }; % Resistance
Rfaulted = { 1, 'MChm' },; % Faulted resistance
tFault = { inf, 's' }; % Time at which to fault

if time<tFault

v == R*i;
else
let
open circuit = if gt(sin(rotor angle),sin(pi/6)), 1 else 0 end;
in
v == (l-open circuit)*R*i + open circuit*Rfaulted*i;
end

end

4. Add logic to enable the
fault.

MATLAB EXPO 2019
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Custom resistor |

Lo T R o T O Y = S R A R

T T N T N T T T e e S S S
- U e W N RO WO o W N O W

... [\_)-
fus]

MATLAB EXPO 2019
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component FaultableResistor < foundation.electrical.branch

% Resistor

% The voltage-current (V-I) relationship for a linear resistor is V=I*R,

% where R is the constant resistance in ohms.
% Copyright 2005-2016 The MathWorks, Inc.

parameters
R={1, 'Ohm' }; % Resistance
Rfaulted = { 1, 'MOhm' }; % Faulted resistance
tFault = { inf, 's' }; % Time at which to fault
end

variables
roto:_angle = {0, 'deg’'}; % Rotor angle
end

equations
assert (R>=0) ;
if time<tFault
v == R¥*i;
else
let

open_pircuit = if gt(sin(roto:_angle),sin(pifs)), 1 else 0 end;

in

v == (l-open_circuit) *R*i + open_ circuit*Rfaulted*i;

end
end
end

end

4\ MathWorks
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|Integrate custom resistor into custom DC motor

components (ExternalAccess = observe)

Rotor_aesistance = foundation.electrical.elements.resistor(R = R);

components (ExternalAccess = observe)

Rotor_Besistance = FaultableResistor (R = R, Rfaulted=Rfaulted, tFault=tFault);

parameters
F = {2e-05, 'm*N'}; %Friction torque (Nm)
J={.01, 'em*"2*g'}; %Inertia (g*cm"2)
Kt = {.0007, 's*V/rad'}; %Torque constant (Nm/A)
L = {1.2e-05, 'H'}; %Armature inductance (H)
R = {3.9, '"Ohm'}; %Armature resistance (ohm)
Rfaulted = { 1, 'MOhm' }; % Faulted resistance
tFault = { inf, 's' }; % Time at which to fault
end

equations
Rotor Resistance.rotor angle.der == Inertia.w;
end

MATLAB EXPO 2019

- To do:

1. Replace standard resistor
with the faultable resistor.

2. Pass faultable resistor
parameters to DC motor
interface.

3. Add an equation that
defines rotor angle.

4. Create a test harness and

validate.
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Faultable DC Motor — Test Harness & RPM & torque - O x

File Teels View Simulation Help gt

G- a® Pk =R O N RN

- W
v+ oA E R tb———» -
DC .f’+[ ) = 3 RPM &
Voltage =/ ) C torque
v- %) < C " ©
f(x) = 0 p—— i ‘ I
= Simscape
Component | C |5rpm
Test harness for faultable behaviour
= Test:
— Drive motor at fixed 5rpm
— Measure torque
MATLAB EXPO 2019 Ready Sample based | T=50.000
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Summary

- Matching models to engineering design tasks

- Examples
— Hybrid vehicle powertrain - with focus on need for multiple models
— Photovoltaic system - with focus on plant design and control

= Tutorial — faulted DC motor

MATLAB EXPO 2019

4\ MathWorks:
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How to find out more

MathWorks physical modelling page:

— https://www.mathworks.com/solutions/physical-modeling.html

Steve Miller’s introduction video
— https://www.mathworks.com/videos/physical-modeling-introduction-75883.html

MATLAB Central File Exchange

— https://www.mathworks.com/matlabcentral/fileexchange/

Hybrid vehicle example:
— https://uk.mathworks.com/matlabcentral/fileexchange/28441-hybrid-electric-vehicle-model-in-simulink

MATLAB EXPO 2019
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