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Statistical Stability Assessment 

RATIONALE 

Engine stability analysis and assessment, and the allocation of stability margins, form integral parts of the design and 
development of every gas turbine engine program.  The existing guidelines for stability assessments are documented in 
ARP1420 and AIR1419, which have been widely utilized throughout industry.  However, the existing guidelines do not 
recognize the statistics of operational demands and can therefore potentially over emphasize low probability events.  
Applying statistical techniques allow an assessment of the probability of encountering a destabilizing event and thus enable 
a risk assessment to be made for inlet/engine compatibility.  The application of such techniques form the basis of the 
methodology discussed in this Aerospace Information Report. 

This document contains information that is fundamental to the discipline of inlet-engine compatibility and is expected to 
remain stable for the foreseeable future. 

STABILIZED NOTICE 

This document has been declared "Stabilized" by the SAE S-16 Turbine Engine Inlet Flow Distortion Committee and will no 
longer be subjected to periodic reviews for currency. Users are responsible for verifying references and continued suitability 
of technical requirements. Newer technology may exist. 
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  FOREWORD 

Engine stability analysis and assessment, and the allocation of stability margins form integral parts of the design and 
development of every gas turbine engine program.  The existing guidelines for stability assessments are documented in 
ARP1420 and AIR1419, which have been widely utilized throughout industry.  A key aspect of the stability assessment 
process involves assessing the statistical aspects of stability and the probabilistic nature of stability limits.  As a result, 
there has been significant progress in developing and applying Monte Carlo techniques to the stability assessment 
process.  A discussion of such techniques forms the basis of the methodology discussed in this Aerospace Information 
Report. 

The overall approach outlined in the document is referred to as the Statistical Stability Assessment or SSA.  Information is 
provided on the various models and methods that make up the SSA process. The validity and application of the approach 
is examined. 

Downloaded from SAE International by Purdue University, Friday, July 07, 2017



 
SAE INTERNATIONAL AIR5656A Page 2 of 72 
 
 
  TABLE OF CONTENTS 

1. SCOPE.......................................................................................................................................................... 5 
1.1 Purpose......................................................................................................................................................... 5 
1.2 Field of Application........................................................................................................................................ 5 
2. REFERENCES.............................................................................................................................................. 6 
2.1 Applicable Documents .................................................................................................................................. 6 
2.1.1 SAE Publications........................................................................................................................................... 6 
2.1.2 ASME Publications........................................................................................................................................ 6 
2.1.3 U.S. Government Publications...................................................................................................................... 6 
2.2 Applicable References .................................................................................................................................. 7 
2.3 Symbols and Abbreviations .......................................................................................................................... 7 
3. DESCRIPTION OF MONTE CARLO METHODOLOGY .............................................................................. 9 
4. STATISTICAL STABILITY ASSESSMENT (SSA)...................................................................................... 11 
4.1 System Architecture.................................................................................................................................... 12 
4.2 Executive Routine ....................................................................................................................................... 12 
4.3 Simulation Models....................................................................................................................................... 13 
4.4 Model Execution.......................................................................................................................................... 14 
5. DESCRIPTION OF SIMULATION MODELS .............................................................................................. 14 
5.1 Environmental Model .................................................................................................................................. 14 
5.2 Aircraft Operations Model ........................................................................................................................... 15 
5.2.1 Flight-Envelope Usage Routine .................................................................................................................. 16 
5.2.2 Maneuver Envelope Usage Routine ........................................................................................................... 19 
5.2.3 Throttle Usage Routine ............................................................................................................................... 20 
5.3 Aircraft Installation Model............................................................................................................................ 23 
5.3.1 Inlet Recovery Routine................................................................................................................................ 23 
5.3.2 Inlet Distortion Routine................................................................................................................................ 23 
5.3.3 Aircraft Off-takes Demand Routine............................................................................................................. 24 
5.4 Engine Model .............................................................................................................................................. 24 
5.4.1 Cycle Simulation ......................................................................................................................................... 24 
5.4.2 Engine to Engine Variability ........................................................................................................................ 25 
5.4.3 Engine Deterioration ................................................................................................................................... 26 
5.4.4 Transient Model .......................................................................................................................................... 30 
5.4.5 Inlet Distortion Routine................................................................................................................................ 33 
6. APPLICATION OF STATISTICAL STABILITY ASSESSMENT.................................................................. 34 
6.1 Simulation Development ............................................................................................................................. 34 
6.2 Simulation Validation................................................................................................................................... 35 
6.2.1 Individual Model Output .............................................................................................................................. 36 
6.2.2 Determination of the Sample Size .............................................................................................................. 38 
6.2.3 Comparison of Simulation With Service Experience .................................................................................. 39 
6.3 Notional Aircraft System ............................................................................................................................. 39 
6.3.1 Stability Prediction for the Notional Aircraft System ................................................................................... 40 
6.3.2 Fan Stall Events .......................................................................................................................................... 40 
6.3.3 Compressor Stall Events ............................................................................................................................ 42 
6.4 Determination of Stall Rate ......................................................................................................................... 43 
6.4.1 Sample Size for Stall Rate Determination .................................................................................................. 43 
6.4.2 Realistic Aircraft System ............................................................................................................................. 45 
6.5 Trade Studies and Sensitivity Analysis....................................................................................................... 46 
6.5.1 Environmental Trade Studies...................................................................................................................... 46 
6.5.2 Aircraft Usage Trade Studies...................................................................................................................... 48 
6.5.3 Aircraft Installation Trade Studies ............................................................................................................... 49 
6.5.4 Engine Trade Studies ................................................................................................................................. 52 
7. VALIDATION OF SSA................................................................................................................................. 56 
7.1 Validation Against Current Methodology .................................................................................................... 56 
7.2 Comparison With Service Experience ........................................................................................................ 57 
8. SYSTEM APPLICATIONS .......................................................................................................................... 58 
8.1 Early Life Cycle Phases .............................................................................................................................. 58 
8.2 Operational.................................................................................................................................................. 59 

Downloaded from SAE International by Purdue University, Friday, July 07, 2017


