Inter

Introduction to SysML
Part 5.0: Analysis and Parametric

Diagrams

With tutorial exercises using MagicDraw
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MBSE

* Analysis just as
Important as
Description

« Analysis with external
tools (e.g.
spreadsheets) works
against the goal of
MBSE — a single
unified model
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o
Approaches to MBSE Analysis  inter

SysML Parametrics

Direct incorporation of a network of equations in a SysML model

Activity and State Machine Simulation

Testing behavior logic, numbers and equations may be involved

Interfacing to Functions and Models in External Tools

Wrapping analysis and simulation models as SysML elements

Model Transformation

Sharing analysis models between tools
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Learning Objectives inter

MBSE Analysis Objectives and Approaches
Constraint Properties and Parametric Diagrams
Instances of SysML Structural Models

First Exercise, building a parametric diagram, creating an instance, and
solving the model

Complex Aggregates
Second Exercise, mass roll-up with multiple instances
External Analysis Blocks, Reference Properties

Third Exercise, performance analysis
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o

- Inter
Uses of SysML Parametrics

Enforcement of Constraints

Evaluation of Variants

Verification of Requirements

Conversion of Data Structures

SysML parametrics work best where calculations are simple and
repetitive
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Constraint Blocks

Lo

Inter

bdd [Package] Constraints [ @ Constraints EIDD!J

wconstraints

Energy_Loiter

constraints

{fel=m=*t*c3}

wconstraints

Energy_Transit

parameters
el: Kl
c3 : Kmhr3
m: Kg
t: Hours

e e
COMsIaies

fetr=m*v*d*c2}

pararmeters
efr: KJ
c2 : PerHours
m: Kg
v Km'hr

d:Km

xwconstraints

Energy Loiter_Test

constraints

felt= el + et}

«constraints

Energy_Transit_Test

paraimeters

e e
COMEIaines

{ett = et + etr * 2}

parameters

o

r: Kkl
K
Kl

ik

bdd [Package] Constraints [ @ Constraints EIII:-II:-]/J

wconstraints
Energy TakeOff
constraints

fet=m=*alt *c1}

parameters
et: Kl
cl: Km/hr2
m: Kg
akt : Km

Constraint
Block

gconstraints

Energy TakeOff

Constraint
constraints //
fet=m*alt * c1}

parameters i
i // Constraint
¢l : Kmthr2 Parameters
m: Kg
alt : Km
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Parametric Diagram nter
Block] UAV B LAY M PAR .
par [Block [ = u Part aconstraints Constraint
Property ma2p1 : MassAdd_2Parts L Property
pltfm : Aircraft Platform im=m1 + mZ} i
E::EIUAV ~— Constraint
: K # ” -
mass : Ko . . / m1 : Kg M Kg seguals mass : Kg
Binding _
Ty Connectors Constraint
- \ Parameters Value
. weguals m2 - K
mass : Kg - g Property
of UAV

A Parametric Diagram usually belongs to a Block. It shows how the constraint
properties and value properties of the block are connected.
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Parametric Diagram

bdd [Package] Part S Materials | @ UAV TopLevel BDDU

ablocks
UAY

e 3o
COrsIraineGs

ma2p1 - MassAdd_2Parts

parts

sw . Software

values
mass - Kg
]
pitfm pyid
wblocks wblocks
Aircraft Platform Payload
values values
mass - Kg mass - Kg

o

Intercax

bdd [Package] Part S Materials | @ UAV TopLevel BDDU

sblocks
UAV
parts
sw . Software
values
mass - kg
'
pitfm pyid
wblocks wblocks
Aircraft Platform Payload
values values
mass - Kg mass - Kg

mazp1

MassAdd_2Parts

wconstraints

m=m1i+m2}

comnstraints

m: Kg
m1 : Kg
m2 : Kg

parameters
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Instances

Inter

bdd [Package] Part & Materialz | @ Blocks Partz and Inztances EIDD’]J

&flocks
Turboprop Engine

s =
r'l:llue'l\.'

thrust - KN

afloc ks
Helicopter UAV

miain_rotor tail_rotor
«plock»
Turboprop Engine

el ey =
r'lCIluE'l\.'

thrust - KN

xblocks

Hover 5000 : Helicopter UAW

main_rotor =500
tail_rotor =1300

=1 Slots

"~ Links—|

xblocks
1500 : Turboprop Engine

xblocks z/ =
1300 : Turbopropg Engine

thrust =500.0

thrust = 300.07

Blocks

Part Properties
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Lo
Instances - Other Approaches Inter

bdd [Package] Part 5 Materials [ @ Blocks Parts and Instances EDDBU

ablocks xblocks
Helicopter UAV Hover 5001 : Helicopter LAV

main_rotor =11

tail_rotor =2
main_rotor tail_rotor

«plock» ahlock»
Turboprop Engine Turboprop Engine

values values ablocks = xblocks
thrust - KM thrust - KN 11: 7500 T“mﬂﬂrﬂﬂ 12 : T300 T“mﬂﬂrﬂﬂ

thrust=500.0 thrust=300.0
wblocks wblocks

T300 Turboprop

T500 Turboprop

Blocks

Specializations
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Parametric Execution inter

g B ( N a —
— =) Math Engine
MagicDraw | ‘ ParaMagic | ‘ Mathm?tﬁéglayfrpro,
\_ ) k J K OpenModelica y

Convert Syntax

« Add Causality

« Launch Math Engine

Write Results to SysML Model
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First Exercise

* The objectives of this exercise are to
Create a Parametric Diagram for the UAV to calculate mass.

Use the ParaMagic tool to validate the parametric model.

Create an Instance of the UAV assembly
Use the ParaMagic tool to edit values and causality in the Instance.

Solve the Instance for mass roll-up

Inter

par [Block] UAV][ UAW Mass F‘AHlJ

pltfm : Aircraft Platform

mass : Kg

wequals

pyld : Payload

weguals

:| m1 : Kg

mass : Kg

:|m2:f{g

wconstraints

ma2p1 : MassAdd_2Parts
im=

m1 + m2}

wequals

m:}{g[

mass : Kg
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First Exercise

o

Intercax

-
bdd [Package] Instance 3.1 [@ Instance 3.1 ’]J G PETEIMEIQiC{R] 12.0 - uav - W — M
— Name Qualified Name Type Causality Values
xDI0CK»
uav : UAV = E uAv UAV Analysis::Instance 3.1::uav UAV
= ear -7 cost $ 0.00
mass =" -1 mass Kg target 300.00
pltfm = uav_pltfm E-CF pltfm UAV Analysis::Instance 3.1::uav.pltfm  Aircraft Platform
pyld = uav.pyld . =[] mass Kg given 250.00
E-CF pyld UAV Analysis::Instance 3.1::uav.pyld Payload
I L[] mass Kg given 50.00
'
wblocks = ablocks = l
i Expand Collapse All Solve Reset Preserve Refs | Update to SysML
uav.pltfm : Aircraft uav.pyld : Payload ,‘ | I pse All_| O | up v
Platform mass = 500 | root( UAV )
mass = 250.0 il | Name Local Red... Relation Active
mazpl [¥ | \mass=pltfm.mass+pyld.mass | ¥
R
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Intercax

Complex Aggregates

bdd [Package] UAV Design[ &) UAV Payload EDDU par [Block] Payload [ [B%i Payload PAR1 U
wblocks
Payload
ﬂﬁf:rnlr's «Cconstraints
Epe—— A ms1 : MassSum
pmv1 : PayloadMazzVeri
{ms = SUTTII:TTI}}
Ko o pc : Payload Component [0..7] _ xequal
mass\erdict : Real ms : Kg |: mass . Kg
weguals
pc (0% h
wblocks
Payload Component
values
mass ; Kg
ablocks wblocks sblocks
Radar Thermal_Camera Video_Camera
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Requirement Verification

req [Package] Constraint Blocks [ [BS| Verification F‘.ED]/J

Requirement

wrequirements

Constraint Block

wconstraints

Inter

Payload Mass PayloadMass\Verify
ld="1.1.2" srefings __constraints
Text = The UAV shall o — — — —v=imes0,0.1)
support a payload mass of _ parameters
up to 50 kg.” 1T IL.{EHI
par [Block] Payload[ Fayload PﬁR]J
- wconstraints
aconstraints . A
ms1 : MassSum pmv1 : Pa}"lua_d.MESSvEﬂf}‘
{ms = sum(m)} v =if(m=50,01)}
pc : Payload Component [0..%] ] wequale " s ]
—_— ITISKQ I: mass : Kg equa jITIKg
mass : Kg ] wequals

jm:Kg

v : Real |:

massVerdict : Real
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Second Exercise nter

* The objectives of this exercise are to

— Create a flexible Part Property relationship using Multiplicity and
Inheritance

— Create a Parametric Diagram using Complex Aggregates

— Create multiple Instances of the Payload assembly

— Solve these Instances for mass roll-up

— Use mass roll-up calculation to verify UAV Payload Mass requirement.
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Second Exercise tercax

bdd [Package] UAW Design [ @ UAWY Payload BOD u par [Block] Payload | Payload PAR1 ]/J
ablocks )
Payload «constraints
constraints ms1 : MassSum
ms1 : Mass=um .
prv1 : PayloadMass\erify . {ms = sum(m)}
pc : Payload Component [0..%] . xeguaks
_ values ms:Kg [ | mass : Kg
mass ;. Kg wegquals
mass\erdict | Real mass : Kg :l m: Kg
pc 0.
ablocks
Payload Component
values
mass : Kg
wblock: ablocks wblock:
Radar Thermal_Camera Video_Camera
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Second Exercise

bdd [Package] Instance 4.1 [@ Instance 4.1 EIDDJ

wblocks

load 4.1 : Payload

mass ="
massVerdict="
pc=X512, Minicam, IR200

wblocks
X512 : Radar

mass ="20.0"

wblocks

Minicam : Video

Camera

mass ="10.0"

Intercax

bdd [Package] Instance 4.2 @ Instance 4.2 BOD u

sblocks
payload 4.2 : Payload

mass ="
massVerdict="
pc = Minicam, Minicam1

wblocks
Minicam1 : Video Camera

xblocks
Minicam : Video Camera

mass ="10.0"

mass ="10.0"

wblocks
IR200 : Thermal Camera

mass ="20.0"

par [Block] Payload [ Payload PAR ]J

pc : Payload Component [0..%]

weguals

wconstraints
ms1 : MassSum
{ms = surn{rn}}

weguals

ms : Kg |:

mass : Kg

jm:Kg

mass : Kg

wconstraints
pmv1 . Pa},rlnadr-.r'lassverify
v = if(m=50.0,1)}

weguals

:lm:}(g

weqguals

v . Real E

massVerdict : Real
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External
Analysis
Blocks

Reference
Properties

bdd [Package] UAV Analysis| [ UAV Analysis BDD |/

wblocks
UAV Loiter Time Analysis
constraints
elt1 : Energy_Loiter_Test
el1 : Energy_Loiter
et1 : Energy_TakeOff

values
maxLoiterTime : Hours
altitude : Km
energyTakeoff | KJ
energyLoiter | KJ

wblocks
uay Range Analysis

conatraints
eft1 : Energy_Transit_Test
et2 : Energy_TakeOff
etr1 . Energy_Transit

values
maxRange - Km
altitude : Km
velocity © Km/hr
energyTakeoff - KJ
energyTransit - KJ

uAY _refi uAy ref2

wblocks
UAV
parts

sw : Software

pyld : Payload

pitfm : Aircraft Platform
values

mass - Kg

energy - KJ

max\Velocity : Km/hr
efficiencyTakeoff : Km/hr'2
efficiencyTransit - PerHours
efficiencyLoiter : Km/hr3
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inter
External Analysis Blocks

Parametric models can be embedded in the structure, or
« Captured in other blocks that reference the structure

« External analysis blocks are also a good place to put value properties that
describe the experimental condition, but aren’t characteristics of the
structural block

« External analysis blocks allow a developer to create an analysis without
changing or disturbing the structure blocks

Reference Properties

« Reference or Shared Properties allow one Block to reference the values
(or other properties), without the implication of ownership

 They are shown with a white diamond arrow (or no diamond), unlike part
properties with a black diamond arrow,
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Loiter Time Analysis

maxLoiterTime : Hours

energylLoiter : K.J

par [Block] UAY Loiter Time Anahyzis [ UaN Loiter Time Analyzis F‘AHU
«constraints
&1 : Energy_Loiter
Reference Property | felom*t*c3)
. weguals . weguals
- DaShed Outllne jcS'KWhrﬂSt:Huurs |:
m: Kg el: Kl
\ :I E wequals
© uAV_reft:uav | .
| I wconstraints
| | efficiencyLoiter : Km/hr*3 ! et wequals
| {elt = el + et}
I .
el: Kl
| | energy: K. “E{IUETD :| elt : Kl E
bo et: K[|
| ®equ3 aequals
| mass : Kg | «equals ’
I
| [ effici Takeoff : Kmihr*2 L wconstraints
| B et1 : Energy_TakeOff wequals
_________ | fet=m*alt*cl}
wequals jm:l(g et KJ |:
:| cl : Kmhrt2
altitude : Km weguals :| :
alt . Km

energyTakeoff : KJ
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Third Exercise

* The objectives of this exercise are
to

— Create external analysis blocks with
parametric models

— Use reference property relationships
to access UAV system values

— Create an instance involving
reference properties

— Solve this Instances for UAV range
and loiter time.
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Inter

bdd [Package] UAV Analysis [ & UAV Analysis BDD ]J

«blocks

UAV Loiter Time Analysis

constraints
elt1 : Energy_Loiter_Test
el1 : Energy_Loiter
et1 : Energy_TakeOff

values
maxLoiterTime - Hours
altitude - Km
energy Takeoff : KJ
energyLoiter - KJ

uAY_reft

wblocks

UAV Range Analysis

constraints
ett1 : Energy_Transit_Test
et2 : Energy_TakeOff
etr1 - Energy_Transit

vailes
maxRange : Km
altitude - Km
velocity - Km/hr
energyTakeoff - KJ
energyTransit - KJ

UAV_ref2

wblocks
UAV

sW : Software
pyld : Payload
pltfm : Aircraft Platform

mass : Kg

energy - KJ

maxVelocity - Km/hr
efficiencyTakeoff - Km/hr'2
efficiencyTransit - PerHours
efficiencyLoiter - Km/hr'3
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Third Exercise

par [Block] UAY Loiter Time Analysis [ UaY Loiter Time Anahlysis F‘AF‘.U

aconstraints
el1 : Energy_Loiter
{el=m*t*c3}

maxLoiterTime : Hours

energyLoiter : KJ

agquals . wequaly
|3 : Kmimrt3 S [ |
m: Kg el: KJ
;l E wequals
" uAV_reft:UAV | ‘ : )
| I wconstraints
| [ efficiencyLoiter : Km/hr*3 L e Re=t wequaks
| {elt = el + et}
| :
el Kl
| | eneray: KJ “EqUETI' :‘ et : KJ E
l mass : Kg | xequals “EqUExln —— xequals
| | |
| - : | ( wconstraints ]
| efficiencyTakeoff : Km/hr*2 ! et1 : Energy_TakeOff sequals
— | fet=m*al*c1}
wequale :lm:Kg et K [
:::] cl : Km'hr*z
altitude : Km wequals

:|art: Km

energy Takeoff : KJ
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@ ParaMagic(R) 18.0 - lta5.1

>

Name

{1 altitude

{1 energyLoiter

{1 energyTakeoff

{1 maxLoiterTime

=-C1 uAV_refl

-1 efficiencyLoiter

-1 efficiencyTakeoff
[0 efficiencyTransit

| [0 energy

-1 mass

| -1 maxWelocity

=-CH pltfm

-1 mass

B fslg
H =-CH pyld
i [T cost
{1 dataRate
-1l mass

[ massVerify
-1 powerDemand
B-Arl

B

[0

{1 cost

{1 dataRate

{1 mass

{1 powerDemand

Qualified Name

UAV Loiter Time Analysis UAV Analysis::Instance 5.1::

UAV Analysis::Instance 5.1::

UAV Analysis::Instance 5.1::

UAV Analysis::Instance 5.1::
UAV Analysis::Instance 5.1::
UAV Analysis::Instance 5.1::
UAV Analysis::Instance 5.1::

UAV Analysis::Instance 5.1::

Type

[ta5.1 UAV Loiter Tim...
Km
KJ
K
Hours

uav LAY
Km/hr~3
Km/hr~2
PerHours
K
Kg
Km/hr

uav.... Aircraft Platform
Ka

uav.... Antenna

uav.... Avionics

uav.... Fuselage

uav.... Payload

$

Mb/s

Kg

Real

KW

Radar{0,?]
uav.... Radar

$
Mb/s
Kg
KW

Causa...

given
undefined
undefined
target

given
given

given
undefined

given

target
target
undefined
target
target

given
given
given
given

Values

0.50
7772
27292
77

1.00
1.00
0.01
1,000.00
77777
25.00

250.00

772?
277?
77
2772
7772

1,000.00
0.50
20.00
2.00

m

Il E-CF tel Thermal_Came...
E-CF vel Video_Camera... e
E=-CH pe Payload Compo...
=1 sw UAV Analysis::Instance 5.1::uav.... Software -
l Expand ][ Collapse All ] Reset Preserve Refs | Update to SysML
root ( UAV Loiter Time Analysis }
Name Local Redefined Relation Active
ell Y energyLoiter=uAV_refl.mass®maxLoiterTime*uAV_refl.efficiencyloiter v
elt1 Y uAv_refl.energy=energyLoiter+energyT akeoff v
etl Y energyTakeoff=uAV_refl.mass™altitude*uAV_refl.efficiencyTakeoff v
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Inter
Recap
At the end of the hands-on exercises, you should be able to
» Describe the objectives and approaches to analysis in MBSE

» Explain the following terms: instance, constraint block,
constraint property, binding connector, reference property

» Create a model instance and display it in a block definition
diagram

» Create a parametric diagram
» Validate and execute a parametric model
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Questions? inter

www.intercax.com
email info@intercax.com
blog www.intercax.com/blog
Twitter @intercax | LinkedIn intercax-lic

Disclosure
This course material is developed by InterCAX LLC. All copyrights held by InterCAX LLC.
Usage of this material is governed by the licensing agreement terms between user and InterCAX. Usage or
distribution for educational or other purposes outside these terms is not permitted. No part of this material
may be reproduced or repurposed without the written consent of InterCAX.
The intent is to present vendor-independent concepts and examples in an objective educational way that the
course participants will find helpful. References are made to commercial products by InterCAX for the
purpose of making these concepts concrete. Course participants are responsible to evaluate these products

and tools for themselves and to investigate similar products and tools by other organizations where
applicable.
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