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Mission Success Criteria & PRA Activities

Full & Minimum Mission 
Success Criteria

Reliability Block 
Diagrams

Master Logic Diagram

Fault Tree Analysis

Failure Modes & 
Effects Analysis

4 Scientific Objectives

17 Measurements 
Required

11 Groups of Imagers & 
Sensors

Reliability Predictions

PRA Activities

Level 1 Science Requirements

Design
Full & Minimum Mission 

Success Criteria

- What can go wrong?

- How likely is it?

- What are the consequences?

• For Minimum Mission Success, Both Spacecraft are Required During the First 240 
Days and Either Spacecraft is Required From 240 – 820 Days

• For Full Mission Success, Both Spacecraft are Required From 0 – 820 Days



Level 1 Science Requirements



Full Mission (0-820 days)/Minimum Mission (0-240 days) 
Reliability Block Diagram (RBD)

IMPACT Items in Gray

A – Ahead
B – Behind



Full Mission (0-820 days)/Minimum Mission (0-240 days) 
Measurements F, G

IMPACT Items in Gray

A – Ahead
B – Behind



Full Mission (0-820 days)/Minimum Mission (0-240 days) 
Measurements H, I

IMPACT Items in Gray

A – Ahead
B – Behind



Full Mission (0-820 days)/Minimum Mission (0-240 days) 
Measurement J

IMPACT Items in Gray

A – Ahead
B – Behind



Full Mission (0-820 days)/Minimum Mission (0-240 days) 
Measurement K

IMPACT Items in Gray

A – Ahead
B – Behind



Minimum Mission RBD (240-820 days) 

IMPACT Items in Gray

A – Ahead
B – Behind
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IMPACT Master Logic Diagram
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IMPACT FMEA



Analysis Results (1 of 3)

• Reliability Block Diagrams
– IMPACT has backups to obtain measurements for the mission

• SWAVES, PLASTIC, and SECCHI – HI2

– Combination failures of SWAVES and either IDPU DCB or IDPU LVPS will lead 
to the loss of measurements F, G, H, I and K

– Combination failures of SWAVES and any of the following IMPACT items will 
lead to the loss of measurement K: MAG, IDPU Front-End Electronics Card, IDPU 
MAG Heater Supply Card, IDPU DCB, IDPU LVPS, or the BOOM 

– Enables the calculation of mission reliability

• Reliability Predictions
– Identify reliability drivers based on failure rate calculations

• Reliability drivers to be provided at the Observatory CDR
• Graceful degradation elements turn out to be robust due to backups

– Reliability predictions used in other PRA activities for the mission



Analysis Results (2 of 3)

• Master Logic Diagram (MLD)
– Top-down, identification of what causes mission failures and categorized into 

Single Point Failures (SPF), graceful degradation failures and redundancy failures. 
MLD includes non-parts related causes (those not evaluated by RBDs, FTAs and 
reliability predictions, like operator/software and environment).

• IMPACT provides graceful degradation modes for the mission
• BOOM could be a SPF, if partially deployed

– MAG, STE-D, SWEA cannot provide accurate data
– Could cause pointing accuracy degradation which affects SECCHI instruments
– Analysis being performed with Boom partially deployed

• No operator induced failures identified
• Considered time critical contingency procedures and on-board autonomy rules necessary 

to save instrument after first failure
– Turning instrument off if a “Blabbermouth” condition occurs

• Fault Tree Analysis (FTA)
– Minimal cut set analysis identifies and ranks single & combination failures along 

with probabilities for loss of mission
• Confirm failures identified in RBD and Master Logic Diagram 
• Confirm likelihood of failures by ranking from the highest contribution to unreliability to 

the lowest



Analysis Results (3 of 3)

• Failure Modes and Effects Analysis (FMEA)
– Bottom-up analysis of postulated failures and their consequences

• Cross checked MLD and causes of failures with FMEA consequence of lower level 
failures

• Considered propagation of failures from instrument to spacecraft
– Power - Spacecraft fuse blows
– Data - Corrupt 1553 bus, consider protection from “Blabbermouth” on the bus
– Cross-checked spacecraft I/F ICD and FMEA causes

• Summary
– Any design changes or recommendations?  None
– Be sure that we don’t have a latent design or manufacturing problem



Risk Mitigations

• Moving Surfaces (BOOM, Covers)
– Instruments have backups
– Design margin, redundancy, peer reviews, testing

• Software and Operations
– Software is reloadable, should not result in mission loss
– Software and operational plan, peer reviews, testing

• Parts Applications
– Parts stress analysis per PPL21/MIL-STD-975, peer reviews, testing 

• Understanding of Environment
– Analysis with single common environment spec, peer reviews, testing

• Workmanship
– Inspection to NASA-STD-8739 or equivalent, material and process control, PCB 

coupons, testing

• Random Failures
– Grade 2 parts, simplicity, robust design with graceful degradation, redundancy, 

peer reviews, testing


