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Live/Virtual/Constructive Simulaticnsiisvis)
Representative Toolset: STK (www.agl.comni

Stk
S P
Products Chart Supplemental & &

STK Modules Sty o

ST_KEXDEPC Modeling Ed Ed

. > : Platforms
Products below included with STK Expert « AjrcraftMissionModeler TP 0 W
+ Miszile Maodeling Tools [ ]

—————— - AStngatuf .
Standard Modules - Aftitude m

S TK P?%mt nications
« SATSOFT

Professional tom

« Radar

Environment

STK « Terrain, Imagery & Maps
. + TIREM

+« Urban Propagation
Basic
* SEET

+ RAE
« Weather Sentinel

Analysis
+ Analyzer
« Optimizer
« Coverage
« CAT
« Scheduler
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http://www.agi.com/images/products/by-capability/c4isr-software/large/C4ISR_operations.jpg
http://www.agi.com/images/products/by-capability/uav-and-aircraft-mission-software/large/OperationsAndDataAnalysis.jpg
http://www.agi.com/images/products/by-capability/electronic-systems-software/large/ES-Operations_4-3.jpg
http://www.agi.com/images/products/by-capability/missile-defense-software/large/CO_OperationsAndDataAnalysis.jpg
http://www.agi.com/images/products/by-capability/space-mission-software/large/SS_Operations.jpg

SyStem/ SOS M&S i Force-on-Force Fighter Simulation
Examples in STK o, =

Geo-positioning Model

> b B \1#’\31

Missile Launcher Model

Currert Distance:
12.833 km
|

Longitude: 3? "]

Based on original models by AGI.

A

) Normal model view

.
- ' T
Wefan iz N "”Fﬁi;: =
— = If?%’" - A —

b) Marker & trajectory history view

Communications Link Simulation between Satellite and Ground Station

Georgialns{iuie (a) Link with ground station at t=t1 (b) Link with ground station at t=t2  (c) Link broken with ground station at t=t3

| efTechnelegyy

(several orbits after t1) (~10 minutes after t2)



Two-way interoperability SysML-STK (throughout simulationiuREiiie)
— Changeable inputs (SysML to STK): satellite and' ground sStalicNsiGCIE

< Results (STK to SysML ): duration of ea. link sessionwithifeaNaieuijeE J
STK satellite comm. link sim
bdd [Package] TestCases [ twolink_scenario ]J (a Constructive Simulaﬁon)
. [ B - |0 x
STK wrapper instances . - - v
whlocks s | whlock:s =
twolLink scenariol.0 : Twolink System Sim twoLink scenariol. : Twolink System Sim

sat_ArgumentOfFerigeeleg = "300.2632"
sat_Bstar="7.7165E-5"
sat_Classification="11"
sat_Eccentricity = ".00087 05"
sat_Elementtumber ="y 594"
sat_Epoch="08118.82643640"
sat_InclinationDeg ="51.64" l-
sat_InternationalDesignatar ="923067A"
sat_MeanAnomalyDeg ="162 4785" |
sat_meanMotion ="14" |
sat_MeanMotionDot =".00009828"
sat_meanMotionDotDot ="0" |
I
I
|

sat_ArgumentOfFerigeeleg = "300.2632"
sat_Bstar="7.7165E-5"

sat_Classification="1I"

sat_Eccentricity="8.705E-4"
sat_Elementhumber="7594.0"
sat_Epoch="9118.8264364"
—zat_InclinationDeg ="0.0"

sat_InternationalDesignatar ="98067A"
sat_MeanAnomalyDeg ="162.47389"
sat_MeanMotion="15.0"

sat_MeanMotionDot ="5.923E-9"
sat_MeanMotionDotDot ="0.0"

sat_Mame = "lcarusQrbitalMirror”
sat_RevolutionMumberdtEpoch = "98188.0"
sat_RightAscensionCfiscendingtlodeDeg ="200.0022"
sat_SatelliteMumber ="0.0"

tationBlue_lat="-20.0"

stationBlue_linkDuration_s ="1620.0", "1 620.0", "1620.0°,
" E20.0" "1620.0", "16200", "1 62000", "1620.0" "1G20.0"
| stationBlue_long ="122.0"
stationBlue_minElevationDen = "-20.0"
stationGreen_linkDuration_s ="0" stationGreen_lat="2.0"

stationGreen_long ="-7&.0" stationGreen_linkDuration_s="1200.0","1215.0",
stationGreen_minElevationDeg ="0" 250" " 21a0" "1214.0°, "1 200.0", "1 200.0", "1 200.0"
stationGreen_long ="-F&.0"

stationGreen_minElevationDeg ="-10.0"

sat_Mame ="lcarusOrbitalMirror”
sat_RevolutionMumberstEpockh = "981 88"
sat_RightAscensionCfiscendinghodeDeg ="200.0022"
sat_SatelliteMumber="0"

stationBlue_lat="-33"

stationBlue_linkDuration_s = "0"
stationBlue_long="122"
stationBlue_minElevationDeg ="0"
stationGreen_lat="2"

L e A A A A A A A A R A

T T

W

— & Guiana
South
changes from scenario state 1.0ta 1.1 .Jfr:e.r--'

resutting range of expected values:
stationBlue_linkDuration_s: 16350 -= 16050
stationGreen_linkDurstion_s: 12000 -=12150
(at normal sim timestepispeed)

Georgialnsiffurie
| efTechnelegyy




par [Block] Comm_System_Evaluator [ Comm_System_Evaluator ]J

[alitElR of et

= |_nrtﬁt_li1k__sim_: Tu_uuljnkijgter;_STm
Effective_Duration_Eqn |
{etf_dur = f * minCstn_curl};

effective_duration1 &1 ] i _aur :
I str_cur [L| stationGreen_linkDuration_s [0.."]
g i |

|

| K & SYSIVIEPEEIE]
|
|

e?
eff_factor , 2 ) |
Effective_Duration_Ean | =10]x|
3 {eff_dur = 1 * minCztn_ciur)} | f Type Causalit'fl Yalues I
:I f 5 | .. Commm_Systerm_Evaluator
B4 ] eff_aur stri_ur [64|| staﬁonelue_linknuraﬁun_ 0] eff_Factor REAL given 0,500
| {1 effective_durationl REAL target &00,000
T | e effective_durationz REAL target 510,000
{51 orbit_link_sim ... TwoLink_System_Sim

-] sat_ArgumentOfPerigeebeq REAL given 300,263
-] sat_Bstar REAL given 0,000
bdd [Block] Comm_System_Evalustor [ Comm_Systern_Ewvalustor ]J [ sat_Classification STRIMNG u
-] sat_Eccentricity REAL given 0,001
clillaee -] sat_ElementMurnber REAL given 7,594,000
Comm System FEvaluator -] sat_Epoch REAL qiven 9,118,826
= = -] sat_InclinationCeg REAL given 0.000
g SEEENi -7 sat_Irternationalbesignator STRING SE0ETA

1 : Effective_Duration_Ecn -
r2 : Effective_Durstion_Eqn -] sat_MeanfnomalyDeg REAL aiven 162,479
-] sat_MeanMation REAL given 15.000
e - el 1] sak_MeanMotionDot REAL given 0.000
Effective_duration2 - Real STK|wrapper block [T st _MeanMationDotDot REAL given 0.000
eff_tactor : Real [ T] sat_Mame STRING IcarusOrbitaltirrar
/ -] sat_RevolutionfurmberatEpoch REAL given 93,188,000
-] sat_RightAscensionOfascendinghodeDeg  REAL given 200,002
orhit_link_sim -] sat_SateliteMumber REAL given 0,000
bk A/ -] stationBlue_lat REAL given -20.000

TwoLink_System_Sim B[] stationBlue_linkDur ation_s REAL[D,?]

e -] stakionBlue_long REAL given 122,000
sat_ArgumentOfPerigeeleq : Real -1 stationBlue_minElesyationDeg REAL given -20.000
zat_Bstar : Real -] stationGreen_lat REAL given 2.000
S:tt_gassri'{i'?ﬁﬁionégt:ing B[ stationGresn_linkDuration_s REAL[O,?]

Sl SEEEIMUAE o (=] . . bstationGreen_linkDuration_s[0] REAL given 1,200,000
g:::g';;"cin:tgg;fmr pacd Active connection between tationGreen_linkDuration_s[1] REAL given 1,215.000
zat InclinationDeq : Real stationGreen_linkDuration_s[2] REAL given 1,215.000
sizmterniﬂona[l?e;igna"{_{or sting SySML and L VC-type tationGreen_linkDuration_s[3] REAL given 1,215,000
SEL SOl D] - ] o o tationGreen_linkDuration_s[4] REAL given 1,215,000
2Ztt_m§:2mgtt:gzb§faéeal Sim UIa tlons' tationGreen_linkDuration_s[5] REAL given 1,200,000
sat_MeanMotionDotDot : Res| tationGreen_linkDur ation_s[&] REAL given 1,200,000
sat_Mame ; String tationGreen_linkDuration_s[7] REAL given 1,200,000
Sat_R!BVIZdLA‘tiCII'INU_mbBI’AtEpDCh : Real Impact: Can Use SySML to -] stationGreen_long REAL aiven -76,000
g:ttzggt};rﬁiﬁ.:ﬁzrnnﬂgr?;iglcendlngNDdeDeg -Re effeCtiVG/y V& V SUCh SImS. -] stationGreen_minElevationDeg REAL given -10.000
gg:gzg:ﬂ::ﬁmﬁfﬁmnj - Resl [0.%] | Expand Collapse &l Solve | Reset | Update ko SystL
stationBlue_long : Real -

stationBlue_thirElevationDed : Resl raat { Comm_System_Evaluatar )

Stat@onGreen_I_at : Real_ ame Local | Oneway Relation Active
stationreen_linkDurstion_s © Real [0.%]

stationGreen_long : Real 1 i [V |effective_durationl=eff_factor*minorbit_link_sim.stationGree. ., [
stationGreen_minElevationDeg : Real e i ¥  |effective_durationZ=effF_Fackar*mingorbic_link_sim. stationBloe, .. v




bdd [Block] Fuel_Tank[ @ Fuel_Tank structure - vieww b ]J

zhlocks:
Fuel_Tank

valkes
capacity : gal
current_amount ;| gal
current_fullnezs ;. Real

ft330 : Fuel Tank

capacity ="49.45"
current_amount="2.745"
current_fullness ="0.4"

¥ nodes #8 [root [fE330], eqnl @ Ra...

Bl ¥ roct [Fr330]
B ¥ eqnl : RatioEqn

- [V capacity

- [w current_fullness

- [W current_amount

Animate |

value property
(system attribute)

par [Block] Fuel_Tank [ [B5 Fuel_Tank structure - viewwd ]J

current_fullness

fr
|—|~

eqn : RatioEqn

current_amount

four

1fr = four [ foap

M

foap

capacity

| constraint parameter
(local variable)

| constraint expression
(equation)

DNA signature of instance ft330
(flattened equation structure

auto-generated from SysML)




Exercise 0: Automobile Fuel Capacity & Mileage
Modular, Reusable Building Blocks

bdd [Block] Yehicle | @ “ehicle fuel aspects - constraint blocks ]J

par [Elock] Wehicle [ EEI “Yehicle fuel aspects ]J

- e2 foap [
el four

]

{1t = four § foap}

current_fullness

eqn2b : MilesEqgn
{miles = fuel * mileage

miles oy =
[4( current_remaining_miles |
] el2

eqn?a : MilesEqn

- i
imiles = fugl * mileage miles of

eqnia : FuelEqn

3 fusl_total

1fuel_total = fuell + fuel2}

o aw

fr current_fuel_fullness ‘

]

tank1 : Fuel_Tank

fuell

current_amount

ifuel_total = fuell + fuesl2}

current_fullness

i

tank? : Fuel_Tank

capacity

current_amount

current_fullness

gconstraints fuel :‘
FuelEqgn el1 mileage :|
-eqnla canstaints
zhlocks {fuel_total = fuell + fuel2}
Vehicle -=gnlh
pamafeters = ) p
values fuel_total : sl fuel_mileage | =5 mieage
current_fuel_amount : gal fuel : gal el
current_fuel_fullness : Real fuel2 : gal i :‘
current_remaining_miles  mi e10 I
distance_range : mi
fuel_capacity : gal - ed
fuel_milesge : mpy —EnZa sconstrairts fuel_capacity
ezl MilesEqn
constaints
=y {miles = fuel * mileage}
pamneters e14 p
miles © mi foa eqn3 : RatioEqn
fuel : gal \—pj {fr = four fcap}
mileage | mpg four :|
tank1 tankz oy
zhlocks -eqn3 aconstraints
Fuel_Tank Ratiokqn \_| current_fuel_amount ‘
values conshaints
capacity © gal -eqgrd [{fr = four Jfoap}
current_amount ; gal
current_fullnezs ; Real : Paraf s
fr : Real
feap : gal
four : gal p
/
////_>
par [Block] Fuel_Tank [ [2% Fusl_Tank ]J —_—
fuel_total fuel
eqn : RatioEqn I_l |_| fusl2
:‘ eqnib : FuelEqn ed

i

fuel2

el

Copyright © Georgia Tech and InterCAX. All Rights Reserved.

SysML and MBSE: A Qui



(EES

Solved Instance and DNA Signature

bdd [Package] vehicled340([ @vehicle-ﬁm ]J

shlocks
vehicled34 : Vehicle

==

fuel_capacity="14.7"
fuel_mileage="42.0"

current_fuel_amount="102"
current_fuel_fullness ="0 6496815286624 2"
current_remaining_rmiles ="428.4"
distance_range ="659 4"

current_amount="10.2"
current_fullness ="1.0"

tank1 =310
tank? = 330
atl 82
zhlocks hlocks
ft310 : Fuel Tank ft330 : Fuel Tank
capacity="102" capacity="5.45"

current_amaount="0.0"

current_fullness ="0.0"

[ ean3 : RatioEan

i Feur

b feap

M

7 ean2a : Mieseqn
7 tarkz

BV eqnt : RatioEan

7 tarks
B eant : RaticEan
b 9 fer
L e
LR

R

v

m ParaMagic{T™) 16.9 sp1 - vehicle4340

Cualified Mame

Exercise 0: Automobile Fuel Capacity & Mileage

=101 x|

I Tvpe

I Causality I Yalues I

3_Target_Maodel_Skage3:ivehicled4340: vehicle4340  Vehicle

-] current_Fuel_amaounk REAL ancillary 10,200
-] current_Fuel_Fullness REAL ancillary 0,650
-] current_remaining_miles . REAL ancillary 428,400
-] distance_range SELD 1.0 (after SOIVIng) REAL Larget 659,400
-] Fuel_capacity REAL karaek 15.700
-] Fuel_milzage REAL qiven 42,000
El-{F] kankl 3_Target_Model_Skage3:ivehicle4340: :fE310 Fuel_Tank.
[ capaciky REAL qiven 10,200
[ current_amaunt REAL given 10,200
-~ current_fullness REAL ancillary 1.000
El-{F] kankz 3_Target_Model_Skage3:ivehicle4340: FE330 Fuel_Tank.
[ capaciky REAL qiven 5,500
[ current_amaunt REAL given 0,000
-~ current_fullness REAL ancillary 0,000
Expand | Collapse Al | Solve | Reset | pdate to SwshL |
—rook { Yehicle )
Mame Local | Oneway Relakion Ackive
eqnla i |= fuel_capacity=tanklcapacity+tankz  capacity ﬁ
eqnib i [T |eorrent_fuel_amount=tankl,current_amount+tanksz, current_amount I
EeqnZa i [T |distance_range=Ffuel_capacity*fuel_mizage I
eqnzhb i [T |eurrent_remaining_miles=current_Fuel_amount*fuel_mileage I
Eeqn3 i [T |eorrent_Fuel_fullness=current_Fuel_amount/Fuel_capacity I
and MB AN@) a 0 e




Broadly Applicable Technology.

Examples of Executable SysML «jfrlmr*ff' CS,

Geor ialnstitute

Road scanning system using unmanned aerial vehicle (UAVS)
UAV-based missile interceptor system trade study

Space systems (tutorials): orbit planning; mass/cost roll-ups
Space systems (studies/pilots): FireSat (INCOSE SSWG), ...
Space systems (actuals): science merit function, ...
Environmentally-conscious energy systems / smart grid
Manufacturing “green-ness” / sustainability assessments
Regional water management systems (e.g. South Florida)

Mechanical part design and analysis (FEA) Next-Generation
Spreadsheet Technology++

Wind turbine supply chain management (object-oriented, multi-dimensional, ...)

Insurance claims processing and website capacity model
Financial model for small businesses
Banking service levels model

@ﬁTechmJ@logy



Model “DNA Signatures” Using SysMIL Paraiieijes

Examples as of ~9/2009 — Low/Medium Complexity

a. Snowman e. Cactus
| ]

. Test: Match the actual iodel tties (below) to their “DNA
'_-_S|gnatures with’ |mag1ned titles (left). .

1 South FIorlda Water mgt (hydrolegy) model

2 2 S‘prmg physncs modei

' 3. 3-year company financial model

4 UAV road scanning system model

5 Car gas mileage model

6 Alrframe mech‘anlcal'-part model

7 DeS|gn ver|f|cat|on model
(automated test for two Item 6. deS|gns)

g. Springy Snowflakes




Recent Models: ~Medium Complexity;

e sem o —

mfg. sustainability: airframe wing electronics recycling network

s sz

151

“Tumbleweed”

“Galaxy with Black Hole”

2010-12; {
~20k variables Fal
. : e
~15k equations o 3 A
WIP:
100K, 1M, ...
| Georgialnsiituie Q,_’f“%“‘ “Angler Fish”

|| effechmology “Turtle Bird” -+




B+ ract [Castwing_JoinbosesToSpar]

i energylnvestedCale : Add3

- machineBassEnergyCale | Multiphy2
i1-[] carbonDioxideProducedPerOp @ Mulkiphyz
-] carbonDioxidelnvestedCale : Add3

i1-[] equivalentSpringConstantCalc : Add2

-] actualFasteningEnergyCalc : Divide2

i1-] fuellnvestedEnergyCale @ Mulkiplyz
- totaloperationC arbonDioxideCale : Mulkiply2

#1-[_] FasteningEnergyCalc : FasteningEnergyEq
#1-[] boltCantainedLengthCale : Addz
-7 FuelinvestedCarbonDioxideCalc : Multiphy2

i energyConsumedCalc : add3

2 D actualFasteningEnergy
D boltContainedLength

= D baltContainedThreadedLength
D boltSpringConstant

D equivalentSpringConstant

D FuelinvestedCarbonDioxide
D fuellnvestedEnergy

D basePower
D efficiencyFactor
D lubricantFlowRate
D IubricantRecoveryRate
D transientEnergy
[—]D fuelUsed [Fuel_seorgisElectricity]

D spedificCarbonbioxide
D specificProductionCarbonDioxide

D specificProductionEnergy

D density
D spedificProduction arbonDioxide
D specificProductionEnergy
D machineBaseEnergy
= D materialEquivalentSpringConstant
- materialTwo [Material_alminum]
D materialOneThickness
D materialspringConstantOne

D matetialSpringConstantThree
D materialspringConstantTwa

D material TwoThickness
D preload

D theoreticalFasteningEnergy

D carbonDioxidelnvestedPerop
v R

-] boltContainedThreadedLengthCale : Subtract2

i}-[] totalOper ationSecondaryWasteMassCale @ Multiply2
11- boltSpringConstantCale ¢ BoltSpringConstantEq

cast wing — JoinNosesToSpar
(machine highlighted)

#1-[] botalCper ationCarbonDioxidelnvestedCalc : MulkiplyZ
- materialSpringConstantCale : SeriesSpringConstants

B
£
e
£
e
£
£
B
B
-] totalOper stionEnergyConsumedCale @ Multiphy2
(-] totalOper ationEnergylnvestedCale : Multiphi2
£
e
£
[
B
£
£
B
B
B
£

i1-[] botalOperationPrimaryasteMassCale @ Mulkiplyz

]E coneSectionCneSpringConstant : MaterialSpringConstankEql

]E coneSectionThreeSpringConstant : MaterialSpringConstantEq3

i1-[] coneSectionTwoSpringConstant ¢ MaterialSpringConstantEqz

(-] FastenerUsed [Fastener_SmmCoarseThreadBalt]

E1-{] lubricantUsed [Coslant_MachiningCoolant]

o [ prefoad

refeidan —

Panorama
nodes #1390 root [CastiWing_

] rook [Casting_loiosesTospar]

{9 bokContanedThreaded. engthCale : Subtract2

] energylnvestedCalc : Add3

] toteloperaionsecondaryWasteMassCat : Multply2

7 bolkspringConstantCale ; BoltSpringConstantEq

] machineBaseEnergyCalc : Multiply2

(7 carborDioxiceProducedPerOp : Mulioly2

(7 totalOperationCarboriDiaxicelnvestedCale : Mtiphy2

] corbonDioidelnvestedCalc : Add3

{C] materialSpringConstantCalc : SeriesSpringConstant3

] equivalentSpringConstantCalc : Add2

(] toteloperationEnergyConsumedcae : Multply2

] totalOperationEnergyInvestedCalc : Multiply2

{7 actualFasteningEnergyCale : Divide2

7 totalOperationPrineryWasteMassCalc : Muliply2

9 fuelinvestedenergyCale : Mltinh2

7 totalOperationCarbonDioxideCalc : Multply2

{7 coneSectionOneSpringCanstant : MaterialSpringConstantEql

{T] fasteningEnergyCalc : FasteningEnergyEq

] boltContainedLengthCale : Add2

totalSecond|

secondaryMgssChia

] fuelInvestedCarbonDioxideCalc : Mukiply2
tant : Mt

ot tatalOperatid

7 energyConsumedcale : Adds

2 coneSectonTwoSpringConstant : MateriaSpringCenstantEa?
[} actuaFasteringEneray

[} bokContaiedtength

[} bokContainedThveadedength

[} bokSpringConstant

[} equvalentsprigConstant:

] FastenerUsed [Fastener_SmmCoarseThreadBolt]

[} FuelinvestedCarborbioside

[} fuelinvestedeneray

asePouer
[ efficiencyFactor
[ briantFlonkate

[} lbricantRecoveryRate
[} transentEneray
37 fuelsed [Fuel_GeorgiaElecticty]
[} sechiccarborbioace

[ speckeprodctoncarbondioxde

[ spectmodctrrersy
577 lubricantUsed [Coolant_MachiningCoolant]
densty

[ speckeprodctoncarbondioxde
[} specicProductionEneray

[} machineBaseEreray

[ materisequivaentsprngConstant

] materialTwo [Material_aluminum]

[ materisoneTrickness

) materispringConstankone

D) materitspringConstantThes opert
) materlspringConstantTvo
[ materifTwoTrickness

[ theoreticaFesteningEneray
[ carbonbixideinvestedperop




Comparing Sustainability Metrics for Design Alterna

-4 Forming
[ 4 materialRemowval
-4 sawing

@ unitPartCarbonDioxide

& unitPartEnergy

o unitPartEnergyInvestment

@ unitPartFinalMass

@ unitPartoperationCarbonDioxide

“Obj
Multi- im

@ unitPartCarbonDioxidelnvestment S p re a S

sML P

.

l[ives

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

Type
UnitPart
ListOFDieCastingOps
ListOFMaterialfem. ..
ListQFSamingOps

Zausality Yalues

target 34.525971356499
ancillary 34.821506

target 196,777,522.3729. ..
ancillary 194,940,000

target 1.756994

ancillary 0,004465356499
ancillary 1,837,522,3729448..,

Change Aluminum to

Value Description Steel
Total Carbon Total CO2 For Life of Part (up
Dioxide to this stage) -25.3 kg

Total Energy

Total Energy for Life of Part
(up to this stage)

-105.4 MJ = -29.3 kWh

- i@ Forming
- i@ materialRemnowval

Invested Carbon
Dioxide

CO2 in Harvesting/Refining
Raw Materials

-25.3 kg

-4 sawing

Invested Energy

Energyin
Harvesting/Refining Raw
Materials

-110.4 MJ = -30.7 kWh

o unitPartEnergy

@ unitPartFinalMass

Operation Carbon
Dioxide

Manufacturing/Fabrication
co2

+0.02 kg

. unitPartWasteMass

@ unitPartCarbonDiozxide
@ unitPartCarbonDioxidelrestment

@ unitPartEnergyInvestment

Manufacturing/Fabrication

l Expand ” Collapse all

Operation Energy Energy +502.2 kJ = +1.4 kWh
Final Mass Final Part Mass +3.4 kg

Total Manufacturing Waste
Waste Mass Mass +0.1 kg

@ unitPartOperationCarbonDioxide
o unitPartOperationEnergy

Syrnbol

Solve [

Feset ]L- IJpdate to SystL J

Type
UritPark

B(=1[ES

Values

Causality

ListOFDieCastingOps
ListOfMaterialRemn. ..

ListOFSaminglps
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

9,49855067682
9.474244
91,419,253,352
84,559,305.6
509674704
0.02433667682
6,659,947,751999, .,
112425296

target
ancillary
target
ancillary
target
ancillary
ancillary
target

Solve

[ Reset ” Update ko SysML ]

Source: Bras, Romaniw, et al. 10/2009
www.sdm.gatech.edu



1 ;BuzzTnys Panorama 0.9.794 - recycling_Network.mRF [P¥C00Z_recycling_network_v1.1.1_MD5_16.9s5pl_spu;
L ] [ ]
¥ nodes #1506 [rook [recycling_Net,. (| I t I t k
e s i 2. | electronics recycling networ
- ¥ roat [recycling_Metwork.m :;P- 2 ®
inwheel
¥ catedanceTine ekt o : materials recovery facilit
. P! ry V'
B [+ calcTokalErergy : Add_Elewe 08 .
=
Bt W combinedOutput : Combine_ ) :Elm Emm Ifm . With 1 1 rocesses
- [ annualResidenceTime T s Bg 0 o m. Elﬂ EE.IIE _'7 p
- v daysOFOperation : ® I?E'l;q-_ N o imm Bﬁ:m mt® nla o .— ]
[ lenathOFShift “wy LN B w . L
1 B e g " e g ) E )
B [ monitorsIn o Ii.aia B-m L g® 'y ‘,;mmdé ] | N - ‘x- ) H_ .-M |
- [w numberOfshifts 'Hal - e i_i w =a g I!?raEl i-'m wtl = :
: 8l m m  EA e g u DNA signature auto-generated from
B ¥ processz = I By M}” Eﬂﬂ.EH' I L F ;
B 7 process3 e “wad #oa,  © " SysML parametrics structure
" | R—— !
; = =R =
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