Maplesoft

/ ’,’. Engineering

Solutions

Model-Driven Innovation

The Role of Multi-domain Dynamic Models for
Functional Verification in Model-based Systems Engineering (MBSE)

Paul Goossens, VP, Engineering Solutions, Maplesoft

Joydeep Banerjee, Application Engineer, Maplesoft
Andy Ko, Ph.D., Manager of Engineering Services, Phoenix Integration

NIST MBE Summit 2017, Gaithersburg, MD \ "8

Malllesoft

Mathe MﬁIgS It




Maplesoft

/ ’,’. Engineering

Solutions

Systems Design & Development Process
Y 's velop &2 PHOENIX

INTEGRATION

Concept Detect Design Product

Issues Early

System Release
U Customer/Market Feedback ' S S S S $

S o _4
Functional R Avoid High Cost of Late-

Specification
stage Design Changes

System Verification Plan System
Integration

. Synthesis

Q System-level
<

% |
@ Subsystem Subsystem Verification Plan Gl
Design
5’/
. ) Detailed _ I
DESIgn-Cha nge COStS 6 Design Unit Test Plan
i i ifi o Unit Te -t
increase significantly 2 '
Detailed
() Analysis Unit Test Plan

when required later in
the development
Implementation
p feleess S S Software/
Hardware/

. Procurement
Adapted from: Forsberg, Kevin, Hal Mooz, and Howard Cotterman. oft, a division of Waterloo Maple Inc. ManleSOft
Visualizing Project Management. John Wiley & Sons. Hoboken, NJ. 2005.




Maplesoft

/ ’,’. Engineering

Solutions

Model-based Systems Engineering

vs Model-based Engineering * PHOENIX

INTEGRATION

With apologies to George and Ira...

| say “system engineering”, you say “systems engineering”.
...Let’s call the whole thing off...

MMMMMMMMMMMM
eeeeeeeeeee

aaaaaaaaaaaaaaaaaaaaaaaa

nnnnnnn

range:Meter

© 2017 Maplesoft, a division of Waterloo Maple Inc. ManleSOft



Maplesoft

/ ’,’. Engineering
Model-based Systems Engineering Solutions

vs Model-based Engineering * PHOENIX

INTEGRATION

Consistency: Faithful to all known and relevant
aspects of the system at the current time

Analytical Models

Fihl
te.
Elen‘ent M
Odlg|
s.

~



Maplesoft

I ". Engineering

Systems Desigh & Development Process Solutions

Functional Verification * PHOENIX

INTEGRATION

Concept

Release
Candidate

System

R T Customer/Market Feedback

Functional System Validation Plan System
Specification Validation

% System-level System Verification Plan
¥y Synthesis
7,

Design %'

@ Subsystem Subsystem Verification Plan

Detailed :
Design Unit Test Plan

Analysis Unit Test Plan

&
Unit Test Qo
3 Detailed éﬁw
S, X

Implementation
Software/
Hardware/

Procurement

‘-#
oft, a division of Waterloo Maple Inc. ManleSOft



Maplesoft

/ 'l. Engineering

Solutions

Systems Design & Development Process

Functional Verification PHOENIX

INTEGRATION

Concept

Release

System :
Compliance Test Plan Candidate

Requirements

Functional Functional System
Specification Mockup Validation

System-level ‘
Synthesis Integration

Subsystem Sub-system
Design

Detailed
Design

Unit Test

Detailed
Analysis

Implementation
Software/
Hardware/

Procurement

—~
soft, a division of Waterloo Maple Inc. ManleSOft



Maplesoft

I "l Engineering
Systems Design & Development Process Solutions

Functional Verification PHOENIX

INTEGRATION

Concept

Release

System
Compliance Test Plan Candidate

Requirements

Functional System
Specification Validation
Functional
Mockup

System-level
Synthesis Integration

Subsystem Sub-system

Design -

Detailed
Design

Unit Test

Detailed
Analysis

Implementation
Software/
Hardware/

Procurement

—~
5oft, a division of Waterloo Maple Inc. ManleSOft



Maplesoft

/ALIR Engineering
Systems Design & Development Process = >olutions

INTEGRATION

Functional Verification * PHOENIX

Concept

Release

System
Compliance Test Plan Candidate

Requirements

Functional System
Specification Validation

System-level Functional
Synthesis Mockup Integration

Subsystem Sub-system
Design

Detailed I

Design
Unit Test

Detailed
Analysis

Implementation
Software/
Hardware/

Procurement

ﬂg’
oft, a division of Waterloo Maple Inc. ManleSOft



Maplesoft

/ALIR Engineering
Systems Design & Development Process = >olutions

INTEGRATION

Functional Verification * PHOENIX

Concept

Release

System
Compliance Test Plan Candidate

Requirements

Functional System
Specification Validation

System-level
Synthesis Integration

Functional
Mockup
Subsystem Sub-system
Design

Detailed
Design

Detailed -
Analysis

Unit Test

Implementation
Software/
Hardware/

Procurement

ﬂg’
oft, a division of Waterloo Maple Inc. ManleSOft



Maplesoft

I ,’I Engineering
Systems Design & Development Process Solutions

Functional Verification * PHOENIX

INTEGRATION

Compliance Test Plan

Validation

erification

CAD, FEA, CFD, Splce Saber...

—~
© 2017 Maplesoft, a division of Waterloo Maple Inc. ManIESOft



Maplesoft

/ 'l. Engineering

Solutions

Systems Design & Development Process

Functional Verification * PHOENIX

INTEGRATION

Compliance Test Plan

*

CAD, FEA, CFD, Spice, Saber...

\!’
© 2017 Maplesoft, a division of Waterloo Maple Inc. ManleSOft



@ MapleSim

Multi-domain Systems Design

Maplesoft

I 'l. Engineering

Solutions

PHOENIX

INTEGRATION

|

-

-

~

Domain-Specific Design

© 2017 Maplesoft, a division

—\”
of Waterloo Maple Inc. ManleSOft



Maplesoft

< N> Engineering
RN Map[eS|m Solutions

Modelica: Object-oriented Physical Modeling RHEQE\NIIA

model Controller model Motor model Table
import Modelica.Constants.inf ; import Modelics.Constants.inf ; import Mogelica.Constants.inf ;
import Pi=Modelica.Constants.pi ; import Pi=Modelica.Constants.pi ; paponk, Bistodellon: Cnstants. pl s
import Modelica.Constants.pi ; import Modelica.Constants.pi ; m: Mm;dii:;:;c:;::::ﬁ:;p; :
import Maplesoft.Constants.I ; import Maplesoft.Constants.I ; Ampoi 0 . 3 O
;. g . . public Maplesoft.Mechanics.Rotational.Common.Inertia I13(=
public Maplesoft.SignalBlocks.Controllers.PID  PID1 (s public Maplesoft.Mechanics.Rotational.Common.Inertia  I4(J public Maplesoft.Mechanics.Translational.Common.Mass  SM2(m
annotation (Placement (transformation (origin={196.0,60.0}, public Maplesoft.Electrical.Analog.Sources.Voltage.Signalvolt public Maplesoft.Mechanics.Rotational.BearingsGears.IdealGear?
public Maplesoft.SignalBlocks.Math.Operators.Feedback protected Modelica.Mechanics.Rotational.lInterfaces.Flange_a public Modelica.Mechanics.Rotational.Interfaces.Flange_a  al
public Maplesoft.SignalBlocks.Sources.Real.Step S1(he public Maplesoft.Electrical.Analog.Passive.Resistors.Resistor puPlic Modelica.Mechanics.Translational.Interfaces.Flange_b
publc fodelicacblocks: Intepfaces-Reallnput (Ui oty )”;ublic Maplesoft.Electrical.Analog.Passive.Inductors.Inductor eﬂ“«::::ﬂ (IGRT2.flangeT , SM2.flange_a ) annotation (Line (points
1 1 + . . . . . wOr = -
PE2=S oS ITITLEEDINE oee public Maplesoft.Electrical.Analog.Passive.Ground G2 annot connect (I3.flange_b , IGRT2.flangeR ) annotation (Line(points
couat on public Maplesoft.Mechanics.Rotational.Sensors.AngleSensor connect (SH2.flange_b , bl) annotation (Line (points={{220.¢,¢

connect (F1.y, PID1.u) annotation (Line (points={{148.0,
connect (S1.y, Fl.ul) annotation (Line (points={{92.@,¢
connect (PID1.y, yl) annotation (Line (points={{212.0,¢

connect (I3.flange_a , al) annotation (Line (points={{50.0,60.
annotation (
Diagram (coordinateSystem (preserveAspectRatio =true, ex

public Maplesoft,.Mechanics.Rotational.Sensors.RotationalSpee
rotation=@)));

- : i
connect (F1.u2, ul) annotation (Line (points={{130.0,44 x:i:: mﬂfﬁiﬁﬁri::ir';::i:‘n::ﬁi;:tw Inmf:';i:r'f: SL‘ ) el e e e
annotation ( public Modelica.Mechanics,Rotaticnal.Interfaces.Flange_b F end {'able;
Diagram (coordinateSystem (preserveAspectRatio =t/ public Modelica.Blocks.Interfaces.RealOutput  PositionOutput
Icon(coordinateSystem (preserveAspectRatio =true, public Modelica.Blocks.Interfaces.RealOutput RO3 annotatic
) equation
end Controller ; connect (R2.n, 17.p) annotatiom (Line(points={{128.2,268.8}

connect (EMF2.n, G2.p) annotation (Line(points={{228.8,15G.
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Dynamic Load Analysis

Inverse Kinematics and Dynamics

¥ Generate inverse kinematics equations

Post-Processing

Driving controller Solve for s(t) and theta3(t}
J | |> sols := solve(convert(PositionConstraints, set), {thetal(t), theta3(t)}):
[ thetal(t) has multiple solutions. Extract all solutions for thetal(t)
Driver model > all_theta sols := [allvalues (subs(sols, thetal(t)))];
PID Controller - .
[T o fiolh d - 2_ A 2_ 2
uned 1o follow predefined e il theta sols = am“[ JIP 421 1P+ 20 P st = L2 + 2012 (1) — s(1)° ul 12+ 501  weten
10 15 2 = s L1 Lis(h)
Time [sec] £,8],8-1. L LEw T fon(51DATA) ) /L -Resdlime] ) = T 3
: oo " 1P 212 1P 2l s — L 4 21250 — st LP - LP 4 s(i
rce 1 — — Max = 454. RMS = 54.1 — — Min = 0.551e-2) Feattil STl A i) sl —ste) )
s(t) LI Lis(t)
[ plot both solutions
g Joint 1 Bearing Juint 2 0 Bearing Joint 3
Average controller arror  23733831517135 > plot(subs (parametersubs, s(t) — s, all theta sols), s — 1..3, labels — ["s", "thetal"]);
earing Radial Load ' Bearing Moment Load Peak controller srror iz <daniaeniinisd . 3
Min RMS Max AE——— Motor Sizing
| [0.551e-2 54.1 454 . 1
= | | | | Motor Torque-Speed Results
| pr———r——
- - Coclingsystemmedel. = || ] 0000 T[T T T T T T
128. ||140' | 174. | [J» [Active and passive heat extraction ‘rod | A 1
' Ternperature control using on-off ther |
| Show Min o o -8
. ° . PeakTEMP = mao{SimDATA[ \
V A I 3 eTEMP c= add{SLaDMTAL 3. A nesrdlgesea: e i 0
I ra I o n n a ys I S CoolingFraction: =$1a04TA[ -1, E \ 15 2 25
i alb o 1 s
Select plot: | ManMatreuntng.s 00500 - i * \ 1
¥ Simulation parameters eeee i 5 \
Afain MotorMountimg r 0/3](1) - R A !l\
simaiation tme: [ [E] Sampling time: 0.0001 Isl : : :::“ i g IR A Ot SR SN Dl SR Se ARt \\
[ Cornect 1o ugletin e | g 2x L \\ i
i 1 02 = N\
LT b L
¥ Model parameters - H A\
—6 % 107" "
r e 3 0 1000 2000 1000 4000
scc_ratar: |0 | (mm]  wn: |0 Time (sec] Motor Speed 2 [pm]
0 max: [10 [[o Simuation Resulls Motor Sm | Motor Sm (Max]
sz s | we
eceaimp: |52.258085 | [deg]  Min: [0 ) Motor i @ Mobr 2 Motr 13 7 oiclay Akt Ve Oy
: .
Max; [109 g 1an RMS Max
. . B =
sccimp:  [3.93397849 | (mm)  min: [0 5 Torqus [0.322e-5  [[o.706e-1  |lo.704
. 1w :
i Max: |4 - Speed |2 402 . L1684
1Li] h
Fload ) [3a3038s8 | (deg) st 0.0 | " o o P | UpdateFlelst | |MomDstasx v
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Domain Engineering:
MBSE Analyzer Executable Analysis Model

req

bdd  rocnerintogration Witk Ansigaor o o

Al Tt Vien Took felp

Connect systems architecture models with engineering analyses to
calculate system performance, check requirements, and perform
design trade-offs Byl

Capabilities

Execute SysML parametric diagrams to evaluate designs

Perform requirements compliance analysis using modeling and simulation

Perform design trade-off studies
Update SysML models with analysis results

Import engineering analyses into a SysML model © 2017 Maplesoft, a division of Waterloo Maple Inc. Manlesoft-
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noussholdchmgerpg  lIVeRME  Gadonid Battery Power Electronics and Cooling

charger

Stored Energy

* Battery Capacity

e State-of-Charge

e Affects driving range

Battery pack

Air cooling system

Motor Qu.ick charger
plug

Temperature Control

e Heat flow to/from battery

* Thermal effects on battery performance
* Active/passive cooling system

Lithium-ion battery
system

—~
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Battery
requirements

Safety
requirements

e Battery mass, energy density

e Max/min operating temperature
e Max/min peak temperature

* Efficiency vs SOC characteristics
e State of Health characteristics

* Battery must operate in a safe temperature
range

* Roll / pitch acceleration must be under a
certain target

e Stopping distance should not be more than
a specific target

Cooling
system
requirements

Performance
requirements

-
* Heat transfer characteristics
e Maximum acceleration / speed should be * Maximum heat transfer rate
more than designated targets. * Temperature control system
* Must be operable within a designated *  Multi-component cooling
range *  Maximum weight of the system
\_ ) U * Critical temperature detection )

© 2017 Maplesoft, a division of Waterloo Maple Inc. MaBI%SOft
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Requirement Diagram

req [Package] Reqs [TopLevel]

<Requirements
Performance

ID = POO1

This vehick performance must be

sporty and provide an affordabk driving

range for nter-ciy mobilty.
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«Requirements
SystemLimitation

ID = 5001

For safety and reguktions, the
vehice must conform to the
conditions defined here

g

«(U) PropertyBasedRequirements
DrivingRange

«(U) PropertyBasedRequirements
Performance::Velocity

«(U) PropertyBasedR.equirements
Performance::Accererlation

«(U) PropertyBasedrequirements

SystemLimitation::Battery Temper:

«{LJ) PropertyBasedRequirement:
SystemLimitation::VehicleWeight

ID = POO2

ID = POO3

ID = POO4

ID = 5002

ID = 5003

The driving range must be
longer than 300km in the
normal drive mode.

The max velocity must be
larger than 130km/h

The max vehicle acceralation needs
to be larger than 4m/s~2 but
must be bwer than 10m/s~2

QﬁlowerBound:thStn’ ng=...

Qﬁlunits:thString=km

%ﬁunits:th&ring=km!h

%E!IowerBound:thString:...

o lowerBound:RhpString=4
US| upperBound:RhpString= 10
=2 units: RhpString=m/s~2

The battery temperature
must be between 250K and
312 K

The total weight must not
exceed 1900kg

© 2017 Maplesoft, a division of Waterloo Maple Inc.

¥ bwerBound: RhpStrng=250
=] upperBound:RhpString=320

#51 units: RhpString =K

LS| upperBound:RhpString=...
= units:RhpString=kg
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bdd [Package] Structure [VehicleEvalContext]

«Blocks
VehicleEvalContext

Evaluation Overview

¢

aBlocke «Block
Ambient Vehicle
E temp:Kelvin=293 E weight: Kilogram=1800

—\y
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bdd [Package] Structure [Vehicle]

«Block=
Vehicle

E averageVelocity :MeterPe...
E max\Velocity :MeterPerSe...
E range:km

E weight:Kilogram=1800

'

«Block» «Block» «Block»
BatteryModules BatteryCooler Motor
E averageBatteryTemp:Kelvin E max_cooling_power:RhpReal... E angular_velodity_freespin:RhpReal=...
E capacityPerCell:RhpReal=90.0 E torque_stoll:RhpReal=300.0
E cellSpecificHeat:RhpReal=750

E numberCfCells:int=92

E peakBatteryTemp:Kelvin «Block»
Chassis
«Block» «Block»
Body Inverter
E weight:Kilogram =400 E efficiency :RhpReal=0.95 @4
«Block»
Tire

E inertia:RhpReal=3.2
E radius:Meter=0.35

—~a”
© 2017 Maplesoft, a division of Waterloo Maple Inc. ManleSOft



Maplesoft

Engineering
Solutions

PHOENIX

A

Architectural Model
Parametric Diagram

par [ Bock ]VehideEvalContext [POVehickPedformance]

INTEGRATION

© 2017 Maplesoft, a division of Waterloo Maple Inc.

1 batteryCooler 1 body
wATriDuE wAEriDUE
max_cooling_power:RhpReal=300 weight:Kilogram=400
. 1 «ComtrantPropsty=
i ConsirainiFraperty= Mbody hicleWeight:VehicleWeight
* | Poooimax
[ + | Maooling
Cﬂmd_
i batteryModule J ] Tags Tegs
= L Wioload | Sty pe:Rh pString =AnalyssServe r ity pe:RhpString =AnahyssServer 1 Vehicle
e S %ﬁ‘uthhpStﬁng =asrviflocahostVehicieM... [ Mmotor_Mmotor| i urkR hpStin g=aserv:/flocahostVehideM... |
Meell i
p— Tstall Mcel | O weight:Kilogram = 1600
numberOfCells:int=92 noell
—_—
P ST
PR—— + 1=750 =
Mcar
M «ComtraintFropsrty=
RangeCAR |
- @
S mell
Cacel ]
1 Tags
1 itsAmbient cpeell :E“YP-E:Rh pString=An alyssServer 1 BatteryModules
5 urkRh pString=aserv: /floc alhost/Vehick MODEL_W...
1 motor e ncell
i | Bl
AveTEMP
o '] Tamb O | v ‘
angular_velocity_freespin:RhpReal=220
' | OmegaNOLOAD | pren—.
—_— 1 ) raat Pezk TEMP [ 1 1 ¥
torque_stoll:RhpReal=200.0 |
1 tire
e .
radius:Meter=0.35 * | Riire
At
1=3.2 :‘ Tire

—
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req [Package] Reqs [Analysis]

«(L) PropertyBasedRequirements

DrivingRange
1D = POD2
«Blocks The driving range mustbe longer
Structure::Vehicle than 300km in the normal drive
,,,,,,,,, mode.
ST --"""'"-_-_J;.:;;tisfy» %3l owerBound: RhpString=300
1outes
«Attributes -
. i . «(UJ) PropertyBasedRequirements
weight:Kilogram=1800 SystemLimitation: :VehicleWeight
‘ ID = 5003
«satisfy» o )
> The total weight must not exceed
1900kg

%ﬁ!units:thStringzkg
Es) upperBound:RhpString=1900

—~
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Li-ion Battery model DC motor - 0 500 1000 1500 2000 2500
: i - = 1
Graphite - Lithium Cobult Oxide electrodes Model decribed by Motor Characteristics 5
Captures: A torque - speed curve ety 08
Thermal effects on the battery chemistry A Motor efficiency map 50 Fo7
) i H 06 2
Temperature dependent internal resistance Rated power and angular speed 2 200 =
1 g orpe Los 3
Degradation effects g 150 . Lav B
Power electronics/Inverter efficiency * 100 4 0.3
B | B2 || B | E| BE ) 02
e g § Angular Speed (rad/s) g’l
Bea, 0 500 1000 1500 2000 2500

BatteryTemp OEnergy Exdtracted

Voltage 1Deg C 1 K
Q. . :
Vs
oo
value Tohaag

! Driveshaft
O

e}
=
=
(1]
2
|

|

i
"

C:)Batlerypower'/, bl ____??_?;:____rftfsfr_\l_"l __________________________________________
w "
. C:)Throl‘kle Brake é\fehicle Speed
Value (0-1) Brake command E Value (0-1) Kmph
# Vehicle Dynamics model
CSDli\re!Error Captures:
Kmph Longitudinal motion dynamics
Tire dynamics (Pacejka tire model)
Fixed reduction gear from the motor
Cooling system model Driver model Effects of aerodynamic drag forces
Active and passive heat extraction from battery PID Controller Effects of tire sizing (radius and inertia)
Temperature control using on-off thermostat Tuned to follow predefined speed profile Effects of variable road grade
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0 Vehicle Speed [km/h] and Altitude [m] 0 Bthtery Temperature [°C] and Cooling System State [on/loff]
[,
100 100
40 Max Battery Temperatyre 0.75
80 80
60 33 0350
A 40
30 . S w025
20 I s =il B et B A
Lo 25«-(_/— 0
3000 4000 0 1000 2000 3000 4000
Driveshaft Torque [Nm] Battery State of Charge [0-1]
70 10
50 09 I"‘'-----:~..._‘__.l‘—._‘-‘-‘
301
2{} ll B I. {}'S
0 | Ik ik
0 0.7
0 1000 2000 3000 4000 0 1000 2000 3000 4000

Time [sec] Time [sec]
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120 Vehicle Speed [km/h] and Altitude [m] 120 Bthtery Temperature [°C] and Cooling System State [on/loff]
LA [
100 'UJ ) | 100 Max Battery Temperature J -
40 ™ —10.75
80 \ 80 \4#..[
604ty 1 60 35 PSS 0.50
40 40
30 025
20 20
0 -0 25 -0
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Driveshaft Torque [Nm] Battery State of Charge [0-1]
70 10
50 0o W
40 | e
30 - \\_\
038 ——
20
|
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4§ Phoenix Integration MBSE Analyzer
File Edit View Tools Help

Requirements Compliance Testing

| Welcome I Review Requirements I Manage Constraint Elocks | Manage Parts Catalog | Manage Parametric Diagrams | Evaluate Designs

Design Exploration

Analysis Case | <none

Trade Study | <none> v | (| (-
Select a Suibject to Analyze Property Units Original New Margin
[ DA LET {OOUIES (RU] i :
Body (RO) (= L VehideEvalContext
Chassis (RO) [ 2 batteryCooler
Inverter (RO) [ max_cooling_power Rhp Real 900.0 900.0
Motar (RO) —|| & 4 batteryModule
Tire (RO) -# capacityPerCell Rhp Real 90.0 90.0
Transmission (RO) s +m cellSpedficHeat RhpReal  750.0 750.0
vehide RO) = numberQfCells int 92 110
.
E]--tl Units iy - B gverageBatteryTemp K 0.0 ‘? 26.515252852, ..
-mw peakBatteryTemp K 0.0 f 27.848309623...
Parametric Diagrams | Selection Filter i body
WehideEvalContext [ weight ka 400.0 400.0
PDVehiclePerformance 2 itsAmbient
L temp K 293.0 293.0
A itsVehide
-m range km 0.0 4 151807370 Y 108.19km
o weight kg 1800.0 ¥ 1355.9 & 54410 kg
- motor
-+ angular_velodty_freespin Rhp Real 2200.0 2200.0
i -m torque_stoll Rhp Real 300.0 300.0
B L tire
-l inertia Rhp Real 3.2 3.2
o radius m 0.35 0.35
[ Refresh ] [ Restore Defaults Design: | Save Analysis:
|Done. | |

MapLesc_;Ft |
Engineering
Solutions

PHOENIX

INTEGRATION

‘x’
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Requirements Compliance Testing

psody

ow Scc m;sn

o * CAWorAMESE ) - IServer 3] - Maple 2016
= o e File Edit View Insert Format Table Drawing Piot Tools Window Help
€ @ woricheet_for_presentaton.mw X o "Worksheet_for_oresentation.mm X
inoch P> Model parameters
3 - e ek Vel User override for design parameter values
==
. .
H E = g WModel Simulation
oomarytesie e =
— LT T Tr = SimDATA! imulate(params = newlIST, returntype = datapoint,compile = true)
camaryeercen } oo Sspessnmymypemtngy mseer T Plot(SiaDATA[1..20808,1],SiaDATA[1. . 20000, 17] , Labals = ["Time (seconds)","Speed (keph)"],plot_s
— I, Mester Memorer] Mar ;
e s e 5 = mate i iacn
s et ane= 10 — N
Drive Cycle
%
i | oaeiLenter .
70
wod ez 50
veniceper mrmpceveneipe Mormane E
2,
ki e e 3o
e B0
L &
o I g == 2
T 10
1 maAmien o T I BATROWEAVE o | | |
— maass Sy, SR AR e 0 200 400 o0 800 1000 1200 1400 1600 1800
e d Time (seconds)
. TEmEAL AWEEMP
P q d
L = L
vl O
PaTEve .
o ost-processin
= i -~ S post-p 9
ragumze 2035 '— — posansE Driving controller performance
coimrazm
— s
= ¥ Thermal system calculation
reema ?
I Controller performance Calculations A
g v— (e (o il ! |Active and passive heat ex anery
Analy b ToolsHelo - ‘ Temperature control usi
el | | Paremestc Bagrams) v Desans | -
Desian Eaploretion snsia oz [<mana == = — |
Trade Study | <nene> = = e 3 = .
A ) e ongne Hew vargy sl WA o
e b = e — 1 - *
3! 8 s e 5. i e v 7
" wa ¥ - |
v om0 .
© En)
© resE  emvsEn
I
wd on w
" ) o
025 s
I
=] o
Parsmetnic agae | Seleciun Fiiwe n 31;
e o Fomme L
128 per_shdehea) - BIXE A ATRELOSAIN o 11668 mi
[EE—
i BT ot " o an
l R | we  meuws Bemas
g " 2
o v Resl 22
= 3 2000
wiagar p S
wih o Caciramien ot
s T ik i P eV o ey B ot ot s s b s
: & L0 .
Conale Sutput
Beirezn | | Rictors Cotms vesgn: | Sme | | Smeis | vy | Run | ot # o
am compe 0 : v

A

Maplesoft

Engineering
Solutions

PHOENIX

INTEGRATION

Maple

PHX System Engineering
Integration Module

MapleSim

© 2017 Maplesoft, a division of Waterloo Maple Inc.

—a
Maplesoft



Maplesoft

/ ’,’. Engineering

Solutions

INTEGRATION

SUMEy i*i PHOENIX

e MBSE: Process is being increasingly automated through
architectural modeling tools

e MapleSim provide rapid functional verification of complex
multidomain dynamic systems

e Maple provides powerful environment for data pre- and post-
processing as well as managing executable requirements

e ModelCenter brings everything together for rapid
requirements-compliance testing, trade-off studies, and impact
analysis due to changes in design requirements

e Convergence of tools helps realize the Systems Design (“V*)
process
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