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OBJECTIVES

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.
This process is intended to represent parametric analysis for performance analysis and
verification 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 5.3 Starter UAV.mdzip and Exercise 5.3 Final UAV.mdzip.

3. The student should view the video Introduction to SysML Part 5 Exercise 5.3 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
5.3.1 Start Cameo System Modeler
5.3.2 Open Exercise 5.3 Starter UAV.mdzip

5.3.3 Create an External Analysis Structure

e Right-click on the UAV Analysis package in
the browser.
e Select Create Diagram - SysML Block Definition Diagram.
e Name the diagram UAV Analysis BDD.
e Create two blocks in the diagram: UAV Loiter Time Analysis, UAV Range Analysis. Use
your method of choice.
e Add the following value properties to the UAV Loiter Time Analysis block:
o maxLoiterTime:Hours
o altitude:Km
o energyloiter:KJ
o energyTakeoff:KJ
e Add the following value properties to the UAV Range Analysis block:
o maxRange:Km
o altitude:Km
o energyTransit:KJ
o energyTakeoff:KJ
o velocity:Km/hr
e Dragthe UAV block into the diagram. See Figure 1.
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bdd [Package] UAV Analysis [ [&] UAV Analysis BDDU

wblocks
UAV Loiter Time Analysis

«blocks
UAV Range Analysis

energyTakeoff - KJ
energyLoiter : KJ

values values
maxLoiterTime - Hours maxRange - Km
altitude : Km altitude : Km

velocity - Km/hr
energyTakeoff : KJ
energyTransit - KJ

ablocks

uav

traints

Cons
mazp1 : MassAdd_2Paris

sw - Software "
pyld - Payload
pitfm - Aircraft Platform

mass - Kg

energy : KJ

maxVelocity - Km/hr
efliciencyTakeolfl - Km/hr'2
efficiencyTransit - PerHours
efficiencyLoiter - Km/hr'3

bdd [Package] UAV Analysis[ [] UAV Analysis BDDU

«blocks
UAV Loiter Time Analysis

wblocks
UAV Range Analysis

values
maxLoiterTime - Hours
altitude : Km
energyTakeoff : KJ
energylLoiter : KJ

UAY_reft

ralues
maxRange - Km
altitude : Km
velocity - Km/hr
energyTakeoff - KJ
energy Transit : KJ

UAV_ref2

«blocks

UAv

mazp1 : MassAdd_2Parts

constrairnts

sw : Software w
pyld - Payload

pltim : Aircraft Platform

mass : Kg

energy - KJ

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

Figure 1 UAV Analysis BDD, Stage 1

Figure 2 UAV Analysis BDD, Stage 2

In the Diagram Toolbar, select Directed Aggregation (white diamond arrow). Click on the

In the containment browser, rename the two reference properties as uAV_refl and

Right-click the UAV Loiter Time Analysis block in the browser. Select Create Diagram -
Select parts to display as shown in Figure 3. Arrange as shown in Figure 4.
Drag the constraint blocks EnergyLoiterTest, EnergyLoiter, and Energy Takeoff from the

UAV Library::Constraints package into the diagram. Name the constraint properties
created as eltl, ell and etl, respectively, and display the constraint parameters.

[ ]
UAV Loiter Time Analysis block and drag the end to the UAV block.
e Repeat for the UAV Range Analysis block.
[ ]
uAV_ref2.
e The final diagram should appear as in Figure 2.
5.3.4 Create a Parametric Diagram for UAV Loiter Time Analysis
[ ]
SysML Parametric Diagram.
[ ]
e Name the diagram UAV Loiter Time Analysis PAR.
[ ]
e Draw binding connectors as shown in Figure 5.
[ ]
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Validate the model by selecting the UAV Loiter Time Analysis block in the browser and
clicking the ParaMagic icon at the top menu bar.

Exercise 5.3 3



Introduction to SysML

Display Parameters/Properties >
Displaying properties and parameters be:iA

Select rti d t t to display in th 3
elect properties and parameters you want to display in the ‘a.h.e:A

diagram. Do this manually using the left side of the dialog, or |
use the panel on the right side of the dialog to select all or ’ _| c:A

nartirular funas nf nranartias nr narameatara Tn aslart nactad

O+ O |,
o o [OfEf

B~ | & uav Loiter Time Analysis Select Properties 2
B[] [R uAv_reft : uav Value Property

------ efficiencyLoiter : Km/hr"3 Select Al

------ efficiencyTakeoff : Km/hr*2 || caar Al

------ |:| efficiencyTransit : PerHours

------ energy : KI

=[] ma2pl : MassAdd_2Parts

------ mass : Kg

------ [] [V maxVelocity : Km/hr

B[] [ pitfm : Aircraft Platform

B[] CF pyld : Payload

B[] Bl sw : Software

B[] ]:I in pl: ~Uplink Options

B[] ]:I out p2 : Downlink Layout Parts
..... altitude : Km Use Layout Template
----- energyloiter : 10 Port Layout Options:
..... energyTakeoff : KJ (O Top/Bottom
----- maxLoiterTime : Hours (@ Left/Right

oK Cancel Help

Figure 3 Display parameters/properties for parametric diagram

par [Block] UAW Loiter Time Analysis [ |25 UAY Loiter Time Analysis PARU

UE\."__reﬁ_: UE\."_ | maxLoiterTime : Hours

| efficiencyLoiter : Kmihr3 ‘ |

| | efficiencyTakeoff : Kmihr~2 ‘

| I energyLoiter : KJ
. |
| |

-iiii’i’”’”’is i i

altitude : Km energyTakeoff : KJ

Figure 4 UAV Loiter Time Analysis PAR, stage 1
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par [Block] UAV Lotter Time Analysis [ |F UAV Loter Time Analysis PAF‘.U

wconstraints
el1: Energy_Loiter
| {el=m*t*c3}
weguals :| ]
c3 : Km/hr*3
T uAV_reft:uav | t: Hours [ 2auald maxLoiterTime : Hours
| |
I m: Kg .
| | efficiencyLoiter : Km/hr*3 }I_ aeguale :| el: Kl I:
| ]
|
| aconstraints wequals
I ffici Takeoff : Km/hr*2
|e o il | elt1 : Energy_Loiter_Test
! {elt = el + et}
| I el Kl l: ©equals | energyLoiter: KJ
energy : KJ wegua .
| ] etk
| | gt I{Jl:
mass : Kg ] J
| weguals
__________ | «constraints
etl : Energy_TakeOff
wequale Ei=mee e, 4| energyTakeoff : KJ
:‘ cl: Kmhrt2 P

wequal :‘ m: Kg

altitude : Km «equaly ] att: km

Figure 5 UAV Loiter Time Analysis PAR, stage 2

5.35

5.3.6

Create an Instance of the UAV structure

Right-click the UAV block in the browser.

Select Tools - Create Instance...

Using the instance creation wizard, create the instance structure in a new package
Instance 5.1 in the UAV Analysis package. There is no need to create a diagram.

In order for ParaMagic to validate the instance model, the instances for the radar and
cameras must also be assigned to the slot corresponding to the pc part property (the
instance creation wizard does not do this initially). Open the specification window for
uav.pyld:Payload, select Slot in the left column (Figure 6), create a value for pc in the
central column, and assign uav.pyld.tcl, uav.pyld.vcl, and uav.pyld.rl to the slot.

Create an Instance of the Loiter Time Analysis block

Right-click the Instance 5.1. package in the browser

Select Create Element - Instance Specification. Name the new instance Ita5.1.

Select Ita5.1 and open its Specification window.
In the first window, click to the right of Classifier in the table, then click the Edit button.
In the second window, start typing in UAV Loiter Time Analysis in the search by name field.
When the UAV Loiter Time Analysis block appears below, double-click it to select it and
close the window.
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Specification of Instance Specification uav.pyld i
Specification of instance slots

A slot gives the value or values of a structural feature of the instance. Select a slot and click the Create Value button, to create a new
value for it.

=5 R Slots
=1 uav.pyld : Payload

A 4 .
2 = v (B0 Property:
E- [E] Documentation/Hyperlinks T E B e =
P ) % mass = 0.0 (Rl pc : Payload Component{1..%]
----- Usage in Diagrams \/:/\ - ~
""" Deployed Artifacts - (&) massVerify = 0.0 Value
msl : MassSum
Inner El ts i (@1 pc = uav.pyld.vci[1], uav.pyid.tci[1], =2 uav.pyld.vcl[1] : UAV Design::Video_Camera [...
_____ Rnle; Ements pmvl : PayloadMassVerify : =1 uav.pyld.tci[1] @ UAV Design::Thermal_Camera
eatons -(5) powerDemand = 0.0 : |=1 uav.pyld.ri[1] : UAV Design::Radar [UAV Analy
..... Tags - . H
Constraints || ™ psl : PowerSum
..... Traceability - (5) r1 = uav.pyld.ri[1]
..... Allocations --(5) tcl = vav.pyld.tci[1] v
£ >
Remove Value | Edit Value .1 2 |4 |-
Close Back Forward Help

Figure 6 Assigning camera and radar instances to pc slot

¢ In the left box of the Specification window, click on Slots (Figure 7).

e In the center box, double-click on uav_refl. Assign uav:UAV to fill slot (Figure 8).
e Close the instance Specification window.

Specification of Instance Specification Ita5.1 > Select Instance Specification it

Specification of instance slots

Select, search for, or create elements
A slot gives the value or values of a structural feature of the instance.

celact a <lot and dlick the Create Value buttan. t | Use the List or Tree view to search for an ] A = 3
foe:t a slot and click the Create Value button, to create a new value element. To find the element, type a name in the o4 1_!_
) "Search by Name" box. You can also use \ {5
wildcards (*,?). Click the magnifier icon to select .
searching for elements by qualified names, or
D R Slots
=] Ita5.1 : UAV Loiter Time Analysi g |E| . [og] Property: Q' —
B Documentation/Hyperlinks v & 0 EL] T DEE Tree EE: List
--[E] Usage in Diagrams --[V] altitude : Km _
Deployed Artifacts - ell : Energy_Loiter Select property =34 2 matches found
G alt1 : Energy_Loiter_Test| and click Create p
. L Value to create }5 <UNSPECIFIED>
Inner Elements energyloiter : KJ |, e E}E Data (2 matches)
Relations energyTakeoff : KJ ) o ; -
. H ISO-80000 [ISO-80000.mdzip]
|2 Tags T] etl : Energy_TakeOff i ' ' N
- Constraints -~ V] maxLoiterTime : Hours & D UAV Analysis::Instance5.1 (1 match)
Traceability Rfusy refi : UAV gy uav : UAV
--[E] Allocations
Apply Filter ( Ctrl+Space ) [ Load
< > Create Value  Edit Value D R ( & )
Multiple Selection
Close Back Forward Help
oK Cancel Help
Figure 7 Populating uav_refl slot, stage 1 Figure 8 Populating uav_refl slot, stage 2
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5.3.7

Assign Values and Causalities to the Instance

Select the Ita5.1:UAV Loiter Time Analysis instance in the browser and click the
ParaMagic icon in the Main Toolbar.

Initialize and reassign causality for all slots as requested.

Expand the ParaMagic browser until all parameters are shown.

Enter the causality and values for all parameters as shown in Table 1. Parameters without
causalities do no need to be entered at this time.

Update to SysML and save project to save causalities and values.

Relaunch ParaMagic browser and click Solve.

e Results appear as in Figure 9.

Parameter Causality Value
UAV Loiter Time Analysis.altitude given 0.50
UAV Loiter Time Analysis.energyLoiter undefined

UAV Loiter Time Analysis.energyTakeoff undefined

UAV Loiter Time Analysis.maxLoiterTime target
uav_refl.efficiencyloiter given 1.0
uav_refl.efficiencyTakeoff given 1.0
uav_refl.energy given 1000
uav_refl.mass undefined

pltfrm.mass given 250
pyld.cost target

pyld.dataRate target

pyld.mass undefined
pyld.massVerify target
pyld.powerDemand target

rl.cost given 1000
r1.dataRate given 0.50
rl.mass given 20.0
rl.powerDemand given 2.0
tcl.cost given 1000
tcl.dataRate given 1.00
tcl.mass given 20.0
tcl.powerDemand given 1.0
vcl.cost given 200
vcl.dataRate given 2.00
vcl.mass given 10.0
vcl.powerDemand given 0.20

Table 1 Causalities and Values for Instance5.1, UAV Loiter Time Analysis
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& ParaMagic(R) 18.0 - lta5.1 - O e
MName Qualified Name Type Causality Values
= YAV Loiter Time Analysis UAV Analysis::Instance5.1::ta5.1 UAV Loiter Time ...

9] altitude Km given 0.5
energylLoiter KJ ancillary 850
energyTakeoff KJ ancillary 150
maxLoiterTime Hours target 2.833
uav_refl UAV Analysis::Instances.l:iuav  UAV

----- efficiencylLoiter Kmy/hr~3 given 1
----- efficiencyTakeoff Km/hr=~2 given 1
----- efficiencyTransit PerHours 0
----- energy KJ given 1,000
----- mass Kg ancillary 300
----- maxVelocity Km/hr 0

EH-CE pltfm UAV Analysis::Instance5.1::uav.... Aircraft Platform

EH-CE pyld UAV Analysis::Instance5.1::uav.... Payload

- sw UAV Analysis::Instance5.1::uav.... Software

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

root ( UAV Loiter Time Analysis )

Name Local Redefined Relation Active
ell Y energylLoiter=UAV_refl.mass™maxLoiterTime*UAV_refl.efficiencyL... v
eltl Y UAV_refl.energy=energyloiter+energyTakeoff v
etl Y energyT akeoff=UAV_refl.mass™altitude®UAV_refl.efficiencyTakeoff v

Figure 9 ParaMagic browser, solution, Max Loiter Time

5.3.8 Create and Solve Instance of the UAV Range Analysis block

e Repeat process for UAV Range Analysis. The parametric diagram is shown in Figure 10.

Additional parameter values are in Table 2.
e Solve for maximum range. See Figure 11.
e Close and save the project.
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par [Block] UAV Range Analysis [ B UAV Range Analysis F‘AF‘.]/J

velocity : Km/hr sequaly :|
v Km'hr

wconstraints
etr1 : Energy_Transit
{etr=m*wv*d*c2}

c2 : PerHours
| uAV_ref2:vav | [wEuak
I _:I m: Kg etr: KJ E
I efficiencyTransit : PerHours |— | | ueguals
| | '
| oo geguals [ wconstraints _| encrgyTransit : KJ
I i | ettr1 : Energy_Transit_Test wequals
| wequaly | [ et
I energy : KJ I :‘ett:l(..l etr:KJ[
| |
et KJ |:
I | efficiencyTakeoff : Kmihr=2 }_l_ ]
| ' )
__________ wequal zconstraints
et? : Energy_TakeOff aEquals
{fet=m*ak=c1}
| | e1: Kmher2
_:I m: Kg |
. wegpals
ual et KJ energyTakeoff
altitude : Km wequaly AR Bt Km =
Figure 10 UAV Loiter Time Analysis PAR, stage 2
Parameter Causality Value
UAV Range Analysis.altitude given 0.50
UAV Range Analysis.energyTransit undefined
UAV Range Analysis.energyTakeoff undefined
UAV Range Analysis.maxRange target
UAV Range Analysis.energy given 1000
UAV Range Analysis.velocity given 100
uav_refl.efficiencyTransit given 0.01

Table 2 Causalities and Values for Instance5.1, UAV Range Analysis
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F T e

& ParaMagic(R) 18.0 - ral

MName Qualified Name Type Causality Values
E UAV Range Analysis UAV Analysis::Instance 5.1::ral  UAV Range Anal...

-] altitude Km given 0.50
-] energyTakeoff ] ancillary 150.00
-] energyT ransit KJ ancillary 425.00
-] maxRange Km target 5.67)
[ velocity Km/hr given 25.00
- UAV Analysis::Instance 5.1:uav UAV

Km/hr~3 1.00
Km/hr=2 given 1.00
PerHours given 0.01
KJ given 1,000.00
Kg ancillary 300.00
Km/hr 25.00

UAV Analysis::Instance 5.1::uav.... Aircraft Platform
UAV Analysis::Instance 5.1::uav.... Payload
UAV Analysis::Instance 5.1::uav.sw Software

Expand “ Collapse all ] Solve DPreserve Refs

‘e?’ﬁciencyTakeof’f[ efficiencyTakeoff }

Name Local Redefined Relation Active

Figure 11 ParaMagic browser, solution, Max Range
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