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OBJECTIVES

The objectives of this exercise are to
* Create aflexible 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.

This process is intended to represent building part of a complete mass roll-up calculation for the
UAV.

PREPARATION

1. This exercise assumes the student has Cameo System Modeler 19.0 (or MagicDraw with
SysML 19.0) and the ParaMagic plug-in for MagicDraw/CSM (ParaMagic 18.0 or later)
installed correctly on his or her machine with valid licenses for use.

2. The student should load the Part 5 course materials onto the computer, specifically
Exercise 5.2 Starter UAV.mdzip and Exercise 5.2 Final UAV.mdzip.

3. The student should view the video Introduction to SysML Part 5 Exercise 5.2 in its entirety
before attempting the exercise.
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NOTES AND CAUTIONS

We recommend that the student watch the video demonstration of this exercise in its entirety
before beginning their own work. The video includes background and explanatory material that
is not repeated in the written instructions.

We also recommend that the student read the material carefully. The most common source of
error is confusion between blocks, packages and diagrams, some of which have similar names.
When the student is not sure what an element is, either in the browser or in a diagram, select
that element and look in the Properties tab for the gray label that identifies the element type.
Also, be careful in reading the instructions in realizing when an instruction should be carried out
in the browser or in a diagram.

EXERCISE
5.2.1 Start Cameo System Modeler

[B Specification of Part Property pc X
5.2.2 Open Exercise 5.2 Starter UAV.mdzip ircation of Part Property propert —~-

Specify properties of the selected Part Property in the properties
specification table. Choose the Expert or All options from the Properties

5.2.3 Create a Block Definition Diagram droprdann et o e more preperis

e Right-click on the UAV Design package in the

2% D R pe

browser. i?epctpg of op o e
e Select Create Diagram -> SysML Block = e e QM“" e,
Definition Diagram. ;nw‘amm ::EZ - ] Payload Companent (U2 D
e Name the diagram UAV Payload BDD. E{H e et
e Drag the following blocks from the UAV —  Zrmss | ol e o
Design package into the diagram: Payload,
Payload Component, Radar, Thermal_ o B s
n Ny

Camera, Video_Camera.

e Inthe diagram, draw a black diamond arrow
from Payload to Payload Component.

e Inthe browser, select the new part property
under Payload and open the Specification s
window. Change the name to pc and the T
multiplicity to 0..* as shown in Figure 1.

e In the diagram, using the floating toolbar to

Close Back Eorward Help

Figure 1 Specification window for part property
bdd [Package] UAW Design [ @ UAY Payload BDDU

mass : Kg

add Generalization relationships from e 4.
Payload Component to Radar, Thermal oot
mass ; Kg

_Camera and Video_Camera.
e The final BDD should appear similar to
Figure 2 ‘

wblocks

wblocks
Thermal_Camera

Radar

«blocks
Video_Camera

Figure 2 UAV Payload BDD
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5.2.4 Create a Parametric Diagram

e Right-click the Payload block in the browser. Select Create Diagram —> SysML Parametric
Diagram.

e Select parts to display as shown in Figure 3.

e Name the diagram Payload PAR.

e Drag the constraint block MassSum from the UAV Library::Constraints package into the
diagram. Cancel the Parametric Equation Wizard. We will construct the parametric
diagram manually. Name the constraint property created as ms1 and show the constraint
parameters.

e Draw binding connectors as shown in Figure 4.

e Validate the model by selecting the Payload block in the browser and clicking the
ParaMagic icon at the top menu bar.

[ Display Parameters/Properties X par [Block] Payload [ gk Payluadu
ying properties and p b.e:A sconstraints
Select properties and parameters you want o ms1: MassSum
to display in the diagram. Do this manually _ e
using the left side of the dialog, or use the e:A pc : Payload Component [0..%] {ms = sumimj}
nanal an the rinht sida of tha dialna tn <alart wequals - weguale ko
o o TR mass:Kg ——— 1 | m:Kg kg [
=] Q Payload Select Properties A
i [v] (W mass : kg [V value Property

=] [Pl pc : Payload Com)
' Clear Al

Select All

Options
Layout Parts
Use Layout Template
Port Layout Options:
() Top/Battom
5 (@ Left/Right

oK Cancel Help

Figure 3 Display parts for Figure 4 UAV Payload PAR, complete
parametric diagram

525

Create an Instance of the Payload structure

Right-click the UAV Analysis package in the browser.

Select Create Element - Package. Name the new package Instance 4.1.

Right-click the Instance 4.1. package in the browser

Select Create Element = Instance Specification. Name the new instance payload 4.1.
Select payload 4.1 and open its Specification window.

In the first window (Figure 5), click to the right of Classifier in the table, then click the Edit
button (highlighted in figure).

In the second window (Figure 6), start typing in Payload in the search by name field. When
the Payload block appears below, double-click it to select it and close the window. Close
the instance Specification window.

Repeat this process to create Instances X512:Radar, IR200:Thermal Camera, and
Minicam:Video _Camera.

Right-click on the UAV Analysis::Instance 4.1 package in the browser.

Select Create Diagram = SysML Block Definition Diagram.
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e Name the diagram Instance 4.1 BDD. Drag all the instances into the diagram. The final

diagram should appear similar to Figure 7.

Specification of Instance Specification payload 4.1 X Select Elements x
Specification of Instance Specification properties Select, search for, or create elements
Specify properties of the selected Instance Specification in the properties Use the List or Tree view to search for an ] - 5
specification table. Choose the Expert or All options from the Properties element. To find the element, type a name in the ™ )L"‘_' .
drop-down list to see more properties. "Search by Name" box. You can also use —
wildcards (*,?). Click the magnifier icon to select .
L2 searching for elements by qualified names, or
1 & payload 4.1 0%
= Ioad 4.1 = = =fof o Properties: Expert = 'EE Tree” fE List
Documentation - - -
Usage in Diagr Bl mstance Specification ~ 8 matches found with filter applied
peploved Arr | T payload 4.1 <UNSPECIFIED>
‘ep oye e Qualified Name UAV Analysis: :Instance 4.1::payloi ] Payload
Slots
Owner [ instance 4.1 [UAV Analysis] = Payload Component

Inner Elements
Relations
Tags
Constraints
|- [El Traceability
Allocations [ Classifier

Applied Stereotype

E Payload Data
\— = Payload Power Supply
B Payload_Controller

@ PayloadControl
= PayloadMassVerify

i [P loadMassVerify

Apply Filter { Ctrl+Space } %/ Creation Mode

v
Activa Hunarlink.
< > | |Q Type here tofilter properties [3] multiple Selection
Close Back Forward Help oK Cancel Help
Figure 5 Specifying Instance, stage 1 Figure 6 Specifying Instance, stage 2
bdd [Package] Instance 4.1[ | &) Instance 4.1 BDDU Select Association
O
ablocks = o
payload 4.1 : Payload o Assaciation[Payload -> pc:Payload Compaonent]
wblocks = ablocks = «blocks
IR200 : Minicam : X512 : Radar Clear All Select All
Thermal Ca Video Cam
mera era
Cancel Help
Figure 7 Instance 4.1 BDD, stage 1 Figure 8 Select Association, first screen
Create Slots x bdd [Package] Instance 4.1] |2 Instance 4.1 BI}DU
4
xblocks =
[Pl pc : UAV Design::Payload Component [0..] [UAV Design::Payload] (played by IR200) payload 4.1 : Payload
@ : AV Design::Payload [UAV Design::] (played by payload 4.1) pc = IR200, Minicam, X512
Clear All Select All
«blocks Q ablocks Q «blocks
IR200 : Minicam : X512 : Radar
Cencel Help Thermal Ca Video Cam
mera era
Figure 9 Select Association, second screen Figure 10 Instance 4.1 BDD, final

e Create link from the payload instance to each of the payload component instances.

e Select payload 4.1. On the floating toolbar, click the link icon (line with a small L)

e Drag the end of the link to X512:Radar and click to set.
e In the first window (Figure 8), accept the default and click OK.
e On the second window (Figure 9), accept the default and click OK.
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e Repeat this process for links to the thermal camera and video camera instances.
e Inthe browser, select payload 4.1:Payload and click the ParaMagic icon in the menu bar.
e The first error message says that one or more slots in the instance model are not
initialized. Click Initialize.

5.2.6

e Click the Expand button to show all parameters. In the browser, set the initial values and
causalities as follows
e Payload 4.1:Payload

Assign Initial Values and Causalities in ParaMagic

causality = target

e X512:Radar Causality = given Value = 20
e |R200:Thermal Camera Causality = given Value = 20
e Minicam:Video Camera Causality = given Value = 10

e The result (Figure 11) can be used to update the SysML instance, if desired.
e Click Solve. The final result is shown in Figure 12.

) ParaMagic(R) 18.0 - payload 4.1 { = | (5] Iiy-l
Mame Qualified Name Type Causality Values
El Payload UAV Analysis::Instance 4.1::p... Payload
-4 mass Kqg target 7977
E}---II_’I pc Payload Component[0,?]
El-pef0] UAV Analysis::Instance 4.1::X... Radar
i ~-[4 mass Kg given 20
El---p:_:[l] UAV Analysis::Instance 4.1::1R... Thermal_Camera
. ~-[4 mass Kg given 20
El---p:_:[z] UAV Analysis::Instance 4.1::m... Video_Camera
L-[¥] mass Kqg given 10
© Expand |[ Collapse All ] Reset Preserve Refs ’ Update to SysML ]
‘rsnt[ Payload )
Name Local Redef... Relation Active
msi ¥ | |mass=sum(pc.mass) | ¥
Figure 11 ParaMagic browser, stage 1
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5.2.7

5.2.8

-

©@ ParaMagic(R) 180 - payload 4.1 G
Name Qualified Mame Type Causality Values
K Payload UAV Analysis::Instance 4.1::p... Payload
i mass Kg target 50
=-CH pe Payload Component[0,?]
E-pefo] UAV Analysis::Instance 4.1::X... Radar
i =7 mass Kg given 20
E-pel1] UAV Analysis::Instance 4.1::IR... Thermal_Camera
i =7 mass Kg given 20
E-pel2] UAV Analysis::Instance 4.1::m... Video_Camera
-4 mass Kg given 10

’ Expand ][ Collapse All ] Solve DPreseweRefs[ Update to SysML l

‘rsot ( Payload )

MName Local Redef... Relation Active
ms1 [¥ | |mass=sum(pc.mass) | ¥

k

Figure 12 ParaMagic browser, stage 2

Create a Second Instance of the UAV structure

Right-click the Instance 4.1 package in the browser and select Copy.

Right-click the UAV Analysis package in the browser and select Paste.

Edit the name of the payload instance to payload 4.2:Payload and the name of the
diagram to Instance 4.2 BDD.

In the browser, delete the instances X512:Radar and IR200:Thermal Camera.

Right-click minicam:Video Camera in the Instance 4.2 package and select Copy.
Right-click the Instance 4.2 package in the browser and select Paste.

Drag the new instance, minicam1:Video Camera, into the diagram Instance 4.2 BDD.
Create a link from payload 4.2:Payload to minicam1:Video Camera.

The final instance diagram should appear similar to Figure 13.

In the browser, select payload 4.2:Payload and click the ParaMagic icon in the menu bar.
The browser should look similar to Figure 14.

bdd [Fackage] Instance 4 2[ | &) Instance 4.2 BDDU 0 ParaMagic(R) 18.0 - payload 4.2 — @ &
Name Qualified Name Type Causality Values
<blocks = = Payload UAV Analysis::Instance 4.2::pay... Payload
. mass Kg target 227?
payl .2 : Payl
o £ Bavicad EH-H pe Payload Componen...
mass =" -pef0] UAV Analysis: :Instance 4.2::min... Video_Camera
pc = minicam, minicam? | | [P e mass Kg given 50
E-pdi] UAV Analysis: :Instance 4.2::min... Video_Camera
----- mass Kg given 50/
«blocks = «blocks = Collapse All Reset Preserve Refs | Update to SysML
minicam1 : minicam :
Video Camera Video Camera root ( Payload )
mass = "50.07 mass = "50.0" Name Local Redef... Relation Active
ms1 \4 | |mass=sum(pc.mass) | ¥l
Figure 13 Instance 4.2 BDD Figure 14 ParaMagic browser, Instance 4.2

Add Requirement Verification to the Mass Roll-up model

Right-click the Payload block in the browser and select Create Element - Value Property.
Name the new value property massVerdict and set the valuetype to Real.
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Drag massVerdict into the parametric diagram created earlier, Payload PAR.

par [Block] Payload[ B Payload PARU

aconstraints [ «Constraints
ms1: MassSum pmvi : PayloadMas sVerify

{ms = sum{m}} {v = if (m=50,0,1)}
wequals | " weguals
pc : Payload Component [0..%] ms : Kg mass : Kg m: Kg
weguals
& m: Kg w1 :Real [ ] «&quals [ massverdict : Real

Figure 15 Payload PAR after requirements verification added.

Locate the constraint block PayloadMassVerify inside the UAV Requirements::Related
Elements::Constraints package and drag it into the parametric diagram. Name the
constraint property created pmv1.

Add binding connectors. The final diagram should appear similar to Figure 15.

Use ParaMagic to validate Payload block.

Modify Instances and Solve

In the browser, select the payload 4.1:Payload instance and launch the ParaMagic
browser.

Initialize and/or reassign causality when requested.

The ParaMagic browser before solving should look like Figure 16.

When finished, save and close the project.

F -
[P} ParaMagic(R) 18.0 - payload 4.1 l m— ‘ (=] Iﬁj
Name Qualified Mame Type Causality  Values
E Payload UAV Analysis::Instance 4.1::payload 4.1 Payload
&[0 mass Kqg target ErEFY.
- massVerdict Real undefined N
E!--l:_rl pc Payload Component[0,7]
E}--p;[ﬂ] UAV Analysis::Instance 4.1::%512 Radar
i [T mass Kg given 20.00
E-pef1] UAV Analysis::Instance 4.1::Minicam Video_Camera
¢ [T mass Kg given 10.00
E-pef2] UAV Analysis::Instance 4.1::1R200 Thermal_Camera
1] mass Kg given 20.00

| Expand |[ Collapse All Reset Preserve Refs | Update to SysML

‘rgot ( Payload )

MName Local Redefi... Relation Active
msl Y mass=sum(pc.mass) v
prmvl A massVerdict=if(mass=50,0,1) v

— —

Figure 16 ParaMagic browser, Instance 4.1, after modification
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