MBSE Methodology for FM
System Design

(Model Based System Engineering Methodology for Fault Management System Design)

Lui Wang, Michel Izygon*, Ph.D., Shira Okon*/ ER6
Spacecraft Software Engineering Branch, *Tietronix Software
JSC/NASA

Magdy Bareh, Castet, Jean-Francois, Nunes, Jeffery, Lorraine Fesq
JPL/NASA

January 29, 2015



MBSE Context

Model once and Use many times

Resource Mission Operation
Capability/Impact Management Planning
Assessment
SchedRe - . .
XML MEL Activity Simulation
| Diagrams M Ica
E Cost |

FM
RBD N

Electronic
T ATML ? Procedure

CXML
MEL ‘ F
FMEA T — Connecti ISHM and
U|re.rr.1ent Ayrce , C /W
raceability ‘Connectivit
RBD l Y

System Design
Validation System Training
Displays

Connectivity




MBFME Tool Suite Concept
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MBFME Meta-Model
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MBFME Meta-Model (System Behavior)
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Power Subsystem Internal Block Diagram (IBD)

ibd [Subsystem] Power_Subsystem [

Applied MBFME Methodology to the Fan in the Can SysML model

» References a NASA spacecraft power architecture
* Contains 3 Subsystems (Power System, ECLSS, C&DH System)

- Common Cabin Air Assembly (CCAA) provides air circulation

: SolarArray2 Prwwr_out

P51+ RP 250 GR

Power_in-out
N

PS2+: RP 250 GR

PS4+ RP 250 GR

Power_in-out

]
: Batteryd

BE

ﬁ [_J::? : SolarArray1 . Pwr_out
sHomez  aMexts
: Battery1
Power_in-out T e
Cid : Battery? |— Main_Computer
r 2: ethernet — .1 : ethernet
. ¥
Power_in-out [ _m LA |
'_1_P|S1 +:RP 250 GR 1F‘82+ :RP 250 GR 1F’S£1+ T RP 250 GR hoovacin: v
PSS+ RP250GR | = T B Ethernet : RJ4S
pa3. G aon o S AR R
Pwr_in1 : RP 50 GR
MBSUA_in MBSU2_out = Sy
L%
Ul il :
i CrossTiel Chasis - gnd
ml I mChaS'S “gnd 120 VACIn : V
MBSU1 _out - = a
: CCAA1 da{a A
- ¢ = |
PS5+ RP 250 GR Pwr_in2: RP 50 GR Gigabit : ethernet ol A
' '
P1+: RP 50 GR
| |
P83+:RP250GRL|—| — — = m—
{1 ! 1

Ethernet : RJ45




Power Subsystem Internal Block Diagram (IBD)

Fan in the Can SysML model

« Demonstrates redundancy in the power system
 Demonstrates power cross-strapping
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State Machine Diagram for CCAAl
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Interactions Between PDU1 and CCAAl
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FMECA (Failure Mode and Effects Criticality
Analysis) Data Exchange

SysML Models
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FMECA Analysis Results

* 10 Failure Modes Can Result in a Critical 1 Level Failure
* Due to redundancy (initial analysis without crosstie):

: * 6 potential failure modes are 2-fault tolerant e
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FTA (Fault Tree Analysis) Data Exchange
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Future Directions / Conclusions

¢ Expand the FM meta-models (model attributes) to support
additional FM products

¢ Continue collaboration with additional FM analysis experts (e.g.,
QS| TEAMYS)

¢ Demonstrate the tools on NASA systems of varying complexity
(e.g., CDS 2.0)

¢ Support automated generation of simulations with failure
Injection



Uses of System Models
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Generate MEL from SysML
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Connectivity Data Exchange
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Utilized in Connectivity Applications
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XTCE Exchange
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SCXML:"State Chart extensible Markup Language”. Provides a generic state-machine

based execution environment based on Harel State Tables.

«<?uml version="1.0" encoding="UTF-8"7 =

LL 1

)

fehicle Design
Vahdation

ission Diperation
Planning

<IDOCTYPE model PUBLIC "-f/eVelopers Corp.//OTD State machine model V1.0//E
Ldtd™=
<model name="Data">
<rontrolledObject dass="com. tietronix. controllers. PowerSystemInterfaceContr
zeventProvider dass="com.evelopers.unimod.adapter, standalone. provider . ScriptEve)
<assodation dientFole="p1" supplierfole ="PowerSystem” targetRef="PowerS{sten
< feventProvider =
<rootStateMachine =
<stateMachineRef name ="PowerSystem"/=
< frootstateMachine =
<stateMachine name ="FPowerSystem”™=
<state name="TOP" type="NORMAL"=
<state name="s1" type="INITIAL"/>
<gtate name="Running” type="MORMAL"=
<stateMachineRef name="pdu"/=
«stateMachineRef name="rpc"/=>
< [state
< [state
<fransition name=""sourceRef="s1" targetRef="Running”/ >

publish C__

| PORT_OFF _CMD({ pelu_port_arg ; pdu_port_arg, © o .reportTim ) /

port off

entry /o1 reportTim

::)notifyCmd o1 handigAdjustCurrent

POWER_PDU_PORT_ON_CMD{ peu_port_arg : pdu_port_arg )

port on

entry /o1 reportTim

publish C_

_:)notifyCmd o1 handleAdjustCurrent

< fstateMachine =
<stateMachine name="bank1"= \
<association dientRole="bank1" supplierRole="01" targetRef="01">
<state name="TOP" type="MORMAL"=




CDS System Model

bdd [Package] Cascade_Distillation_System [ @ Cascace Distillation System lJ

zsubsystems
Cascade_Distillation_System
efeEnces
. Control_System_PSU
zsubsystems
CDS_CEDH
zhszemblys T — it
zhlocks bf’ k parts
CD1-5 ehlocks D CDS_UMC
Brine_Tank
parts
;. CD-Enable zsubsystemz
: CD-Shunt ili
ke xCorErmT(errtx Fﬂl:lllt_\!:‘:&ﬂ“
: CD-Speed ehlocks I el
Product_Tank Ve
ehssemblyz
J‘_’ K::;? eComponents
eComponents ablocks
shlocks e parts shlocks UPS-CD51
Cascade_Distiller : -Ehable
= - THP-Shunt Wastewater_Tank
ke - THP-\olts
Bring_Flow_Rate : gpmi{unit = gallons per minute } ) eComponents
Bring_Head_Rise : mmHg{unit = mmHo } zblocks
Distillate_Flow_Rate : gpmiunit = gallons per minute} UPS-CDS-?
Distillate_Head_Rise : mmHg{unit = mmHg } 5
Power : Wiunit = watt} e zhlockz
Rotor_Speed : RPM{unit = RFM
Leapes L ! Heat_Pump Tank zComponents
i vales zblocks:
va 5 - # = ki 2 _
dP_Cold_Side : mmHg{unit = mmHz} JlRR il = kiogram} CDs3-PSU

dP_Het_Side . mmHg{unit = mmHg}
gpm_Caold_Side : gpmiunit = gallons per minute }
gpm_Hot_Side : gpm{unit = gallons per minute}
Heat_Cold_Side : Wiunit = watt }
Heat_Hot_Side : Wiunit = watt}

Power : Wiunit = watt}

parts
: PSU-CDS-3-Enable
: PSU-CDS-3-Current
: PSU-CDS-3-Volts

eComponents
zblocks:

THP3-PSU

parts

: PSU-CDS-3-Enable
: PSU-CDS-3-Volts
: PSU-CDS-3-Current




Concept of Operations

Y & cospisplay
€« C f® localhost:3080/cds

stepStandby

SV8_Trim_HX_Bypass Distillation_Element X Unimod Simulator ConOps Standby to Steady State |i‘E‘—z_H

T2_CD_Hot_in Line 39 (comment> /~/ Step 2h

Svz_Brine_Recirc 40°C N_CD Line:z48 Script Paused. Press ‘»' to resume!
1200 RPM g

Line:-48 Script Resume
isStateMachinelnState eirarchy currentState:
isStateMachinelnState eirarchy currentState:
Pl_CE)_Vau_Jum is8tateMachineInState eirarchy currentState:
0.35 psia isStateMachinelnStatelli eirarchy currentState:

C_Product Line 46 (comment> /~ Step 3Ja
P2 Product Tank 50 ps Line:47 Script Paused. Press ’»’ to resume?
2_Product_Tan

-
sv4, vacuu.@ 0.35 psia Line:47 Script Resumed.
- SV6_Product_Return ) isStateMachinelnStateWithHeirarchy currentState:
SV1_Feed izStateMachinelnStatelWithHeirarchy currentState:
_ . izStateMachineln&tatelWithHeirarchy currentState:
e FRZ Product Wa:‘te'ﬁ'ate:—‘"
Sva_vacuum_Product | Line 52 (comment» /~ Step 3h
i Line:=53 Script Paused. Press ‘v’ to resume?
-
Line:=53 Script Resumed.
isStateMachineln8tateWithHeirarchy currentState:
Q_Product_Tank Q_Feed_Tank isBtateMachineInStateWithHeirarchy currentState:
0% 61% isStateMachineInStateWithHeirarchy currentState:
izStateMachinelnStatellithHeirarchy currentState:

Pressure_Control_Pump_Assembily

Line 59 <{comment>» ~~ Step 4a
Wastewater_storage Line:z6d@ Script Paused. Press
_tank

‘' to resume!?

-
Line:-bd Script HResume
izStateMachinelnState eirarchy currentitate:
isStateMachinelnState eirarchy currentiState:
Product_water_out isStateMachinelnState eirarchy currentitate:
isStateMachinelnStateWithHeirarchy currentState:

111

Line 66 C(comment?» /~/ Step 5

Line:67 Script Paused. Press ’'p’

to resume!?




