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DEMONSTRATED NASA USES

· Shuttle Training Aircraft Maintenance 

· Identify Mandatory Inspection Points 

· Revised Maintenance and Inspection Plan/Schedule

· T+25 Second Ascent Evaluation Of Toxic Cloud Potential Over Causeway Viewers

· STS-76 Hydraulic System Failure Abort Decision Support

· Proposed Upgrade Evaluations

· MPS Electro-mechanical Actuators (EMA)

· Extended Nose Landing Gear (ENLG)

· Main Landing Gear Tires

· Electric APU (EAPU)

INTENDED USES

RISK RANKING

Trace the importance and contribution of any system, component, event, and path through the model and rank by relative contribution for any time along the mission timeline

· Prioritize system improvements or maintenance considerations

· Evaluate upgrades

· Focus crew and operations training scenarios by likelihood

REAL-TIME EVALUATION TOOL 

Support decisions to continue/abort missions based on system risk

· Compare baseline risk to risk due to a mission anomaly

· Propagate induced failure at any time along the mission timeline

YARDSTICK METRIC

· Monitor vehicle condition

· Validate contractor’s risk management

MODEL SCOPE

· Nominal mission 

· Duration between T-9 hours and one hour post-landing

· All credible 1/1, 1R, and hazardous (i.e., MMOD, TPS) events

· System dependency on supply/demand systems and spatial interactions

· Data at the component failure mode

· Observed failure data -- Problem Reporting and Corrective Action (PRACA) 

· Surrogate failure data -- Nonelectronic Parts Reliability Data (NPRD)/Failure Modes Distribution (FMD), expert opinion survey

· System logic as event sequence diagrams (ESDs) and fault trees

 JSC MODEL EVOLUTION

FY97

· Translated 1995 SAIC NY MPS, TPS, and LDS models

· Improved APU/Hydraulic model

FY98

· Modeled 1/1 failures in MPS, OMS, RCS, fuel cell, and FCS

· Captured 9 of 22 Orbiter systems’ risk

FY99

· Prioritized system modeling by perceived risk

· Reduced existing model limitations

· Added 1R failures to fuel cell

· Modeled 1/1 and 1R failures of ECLSS and WSB

· Improved TPS, APU and Hydraulic models 

FY00

· Continuing to improve, add, and replace system models as in FY99

· Captured 13 of 22 Orbiter systems’ risk

JSC MODEL EVOLUTION (continued)
FY01:  

· Develop over-arching model for top-down approach 

· Integrate efforts between JSC, MSFC, KSC, HQ, and Shuttle Program

· Get Boeing and USA involved early to minimize post-review process

· Re-evaluate software tool

· Initiate Peer Review Process

· Re-scope work and continue development work

· Support on-going Shuttle upgrade analyses

· Provide preliminary results to Shuttle Development Office to verify budget expenditure on risk drivers

FY02:  

· Complete baseline modeling task

· Recommend risk reduction activities

· Finalize review process

· Provide final results to Shuttle Development 

HOW WE PICKED THE MODELING ORDER

· Engineering judgment, history, upgrades candidate, and perceived risk

· Rough Order Risk Ranking*

	Orbiter Subsystem
	Hazard Cause Count
	Criticality 

1 CILs
	Criticality

1R CILs
	Criticality

1R/2 CILs
	Criticality

1R/3 CILs

	MPS
	14
	268
	502
	284
	218

	MECHANISMS/PDRS
	35
	120
	254
	180
	74

	LANDING/DECEL
	23
	68
	116
	54
	62

	ECLSS (INCL ATCS)
	75
	61
	271
	219
	52

	OMS/RCS
	23
	54
	228
	87
	141

	HYD/WSB/FCS
	18
	46
	147
	99
	48

	APU
	25
	22
	133
	71
	62

	PRSD/FUEL CELL
	24
	8
	98
	50
	48

	DPS
	18
	8
	40
	33
	7

	DOCKING
	19
	6
	246
	26
	220

	GN&C
	31
	4
	50
	18
	32

	CREW EQUIPMENT
	15
	3
	23
	20
	3

	PV&D
	0
	3
	3
	3
	0

	EPDC
	33
	2
	173
	81
	92

	COMMUNICATIONS
	2
	1
	54
	34
	20

	DISPLAY & CONTROLS
	0
	1
	42
	6
	36

	STRUCTURES
	16
	1
	29
	11
	18

	INSTRUMENTATION
	0
	0
	13
	6
	7

	TPS/MMOD
	18
	0
	0
	0
	0

	TOTALS
	389
	676
	2422
	1282
	1140


* Shaded systems will have been completed as of FY00 deliverables.

MODELING CONCERNS

· Incomplete baseline model   






( under estimates risk

· No placeholders for unmodeled systems

· Undeveloped abort scenarios

· Hardware modeled to the Critical Items List (CIL) level 
( over estimates risk

· No common cause failure modeling 




( under estimates risk

· No human action contribution 





( under estimates risk

PROCESS

Event Sequence Diagrams
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Fault Trees
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Model Elements

Event Sequence Diagram (ESD)
Boolean-based logic is created to model the chronological progression of success or failure responses to demands on the system.  The decision nodes within the ESD represent success and failure paths that can be quantified.  

Fault Tree

A fault tree is a graphical representation of the logical relationship between a failure event and the effects of the failure.  Using “and” and “or” gates, and some alternatives thereof, fault trees are used to propagate the probabilities of occurrence of the contributors of a failure event in order to determine the probability of the top event.
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Data Collection

The models are populated with system-specific historical failure data, where available, and supplemented by surrogate failure data.  All data is supported by detailed engineering judgment.

Results
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	Phase
	Mission Interval
	Duration

	PHASE01
	Pre-launch
	9 hours

	PHASE02
	T-0 to MECO
	8.5 minutes

	PHASE03
	MECO to APU shutdown
	6.5 minutes

	PHASE04
	Orbit
	9 days

	PHASE05
	FCS CO
	15 minutes

	PHASE06
	TIG-5 to EI-13
	24.75 minutes

	PHASE07
	EI-13 to TAEM
	37.75 minutes

	PHASE08
	TAEM to Mach 1
	2 minutes

	PHASE09
	Mach 1 to Touchdown
	4.5 minutes

	PHASE10
	Touchdown to Wheel Stop
	1 minute

	PHASE11
	Wheel Stop to Crew Egress
	1 hour


Uses

· Quantify and rank the system risk for any or all of the operational phases

· Prioritize system improvements or maintenance considerations

· Real-time mission risk evaluation tool
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EXAMPLE

SAMPLE LANDING DECELERATION SYSTEM (LDS) 

EVENT SEQUENCE DIAGRAM (ESD)

SAMPLE LDS FAULT TREE
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ADDITIONAL FAULT TREE DETAIL
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SAMPLE DATA FROM DATA TEMPLATE

	NAME
	DESC
	PART NUMBER
	RELATED CIL
	
	APPLICABLE CARS
	n
	T
	UNITS
	RATE
	FACTOR
	DIST
	PARM2

(EF)
	C
	TYPE
	ASSUMPTIONS
	NPRD Reference

	021A03401R
	RMLG DOOR ASSIST BUNGEE FAILS TO RELEASE
	V070-510101
	02-1A-034-01
	1/1
	
	0
	2400
	X
	1.00E-07
	1
	L
	15
	1
	IMPMAR_

SF
	Structural components without failures were assigned the standard failure probability of 1E-07 if improbable/marginal hazard severity and frequency. 
	

	021A10201
	NLG DOOR ASSIST BUNGEE FAILS TO RELEASE
	V070-510751
	02-1A-102-01
	1/1
	KB3482, KB3484, KB3487
	0.03
	1200
	N
	2.50E-05
	1
	L
	5
	1
	BUNGEE_

FTR
	3 failures in 1200 demands over 80 missions.  Includes CARs KB3482, KB3484, KB3487.
	

	021FG08A01L
	LMLG UPLOCK ACTUATOR EXTERNAL LEAKAGE
	MC287-0033
	02-1F-G08-A01
	1R2
	
	0
	
	H
	5.37E-07
	
	L
	15
	3
	HACTUP_

EXTL
	The mean was obtained from NPRD-95 (2-5). From FMD-91 (2-25), 22% fail due to leaking, thus the mean was multiplied by 0.22. Qual. level MIL, App. Env. AUF.
	ACTUATOR, HYDRAULIC, LINEAR

	021FG09SVB02L
	LMLG EXTEND ACTUATOR SHUTTLE VALVE FAILS CLOSED
	246310
	02-1F-G09-SV-B02
	1/1
	
	0
	2400
	N
	7.59E-06
	1
	L
	15
	1
	HVSHU_FC
	The mean was obtained from NPRD-95 (3-552). From FMD-97 (2-326), 12% fail closed, thus the mean was multiplied by 0.12. Qual. level UNK, App. Env. A.
	VALVE, HYDRAULIC, SHUTTLE


LDS SAMPLE RESULTS

	F-Event
	F-Trunc
	F-Flag
	# Cutset
	Result
	Comments
	Mission Time

	PHASE01
	1.00E-25
	PHASE01.TXT
	
	
	Prelaunch
	6 Hr

	PHASE02
	1.00E-25
	PHASE02.TXT
	12
	1.00E-07
	T-0 to MECO
	8.5 m

	PHASE03
	1.00E-25
	PHASE03.TXT
	12
	5.39E-11
	MECO to APU S/D
	6.5 m

	PHASE04
	1.00E-25
	PHASE04.TXT
	13
	1.08E-07
	Orbit
	9 Days

	PHASE05
	1.00E-25
	PHASE05.TXT
	
	
	FCS Check Out
	15 m

	PHASE06
	1.00E-25
	PHASE06.TXT
	13
	8.69E-12
	TIG-5 to EI-13
	24.75 m

	PHASE07
	1.00E-25
	PHASE07.TXT
	13
	9.72E-11
	EI-13 to TAEM
	37.75 m

	PHASE08
	1.00E-25
	PHASE08.TXT
	13
	2.05E-12
	TAEM to MACH1
	2 m

	PHASE09
	1.00E-25
	PHASE09.TXT
	334
	5.50E-04
	MACH1 to Touchdown
	4.5 m

	PHASE10
	1.00E-25
	PHASE10.TXT
	7812
	2.78E-05
	Touchdown to Wheel Stop
	1 m

	PHASE11
	1.00E-25
	PHASE11.TXT
	
	
	Post-Landing
	60 m
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