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What is a Reliability Prediction? 
(and what it is not)

A reliability prediction is a relative measure of the 
inherent reliability of the system design

A reliability prediction is NOT an estimate of the expected 
reliability of the system



BASIC PREDICTION METHODS FOR 
MECHANICAL* COMPONENTS

Method I   - Parts Count (NPRD-16) 
Method II  - Parts Stress (NSWC -11)
Method III - Physics of Failure

*MIL-HDBK-217FN2 is used for electrical components



Typical Solid Rocket Motor Design has ~ 50-100 parts

• Includes Propellant(s) and BKNO3 “chemical” parts
• Does not include Ignition Safety Device “electrical” parts
• Usually there are no redundant mechanical parts
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Typical Solid 
Rocket Motor 
Operation 
Environments

Ground Benign (GB) / Ground 
Fixed (GF)

Ground Mobile (GM)

Missile Launch (ML)

Missile Free Flight (MF)

Canon Launch (CL)

(for other ordnance)



Method I –
Parts Count



Method I

• Identify Parts from Current Design
• Obtain Failure Rate for Each Part (or Part Type)
• Adjust Failure Rates for Operational Environment
• Sum Adjusted Failure Rates (by Operational Environment)
• Use Exponential Distribution to get Predicted Reliabilities 

for Each Mission Phase

Approach

Example Mission Profile

Operations (GM) -> 15 minutes
Launch        (ML)  -> 5 seconds
Free Flight  (MF)  -> 180 seconds

R(t) = Ropns x RML x RMF



Sample O-Ring Failure Rate Data from NPRD-16



What’s Missing?

No ML or MF or CL



Conversion FR Factors for SRM and Ordnance

GF (Baseline) = 1.0
GM                  = 2.5
ML                   = 50  
MF                   = 25
CL                     = 200 

Failure Rate for O-Ring from NPRD-16 = 4.289581  (ARW)

Using Conversion Table from Previous Slide and above factors

O-Ring Failure Rate = 0.8579162 (GF)  ARWx0.2

= 2.1447905 (GM) 
= 42.89581   (ML)
= 21.447905 (MF)



Method I – Parts Count

Pros: Ease of use
Can be performed relatively quickly
Short mission times for SRM make predictions robust to individual part changes
Doesn’t require detailed knowledge of operating conditions 

Cons: High variability in NPRD-16 Failure Data for same part description
Custom parts not in NPRD-16



Method II –
Parts Stress



Method II

• Identify Parts from Current Design
• Obtain Material Characteristics and Operating Conditions 

for Each Part (or Part Type)
• Calculate Failure Rate for Most Extreme Condition (i.e., 

ML) using NSWC-11 for Each Part
• Calculate or Adjust Failure Rates for Lesser Operational 

Environments
• Sum Adjusted Failure Rates (by Operational Environment)
• Use Exponential Distribution to get Predicted Reliabilities

Approach



Sample O-Ring Failure Rate Model from NSWC-11 



Ps ~ 1500 psi
Cp = 0.25



Leakage = 0
CQ = 4.2



Assume 4 in. I.D.
CDL = 4.72



M = 870 psi
C   = 1800 psi
CH = 0.574



f   = 32μin
Cf = 0.862



V   = 2.28E-10
CV = 87.72



TR = 250F
TO = 150F
CT = 0.21



N/A
Assume CN = 1.0



λSE = λSE,B x CP x CQ x CDL x CH x CF x CV x CT = 108.413FPMH

For ML environment (4in. O-ring made of EDPM)

Either repeat process for conditions of GF,GM and MF
or

Use conversion factors for Parts Count Method. 





Method II – Parts Stress Method

Pros:
More realistic prediction than parts count method
Considers environmental stresses on individual parts 

Cons:
Requires detail knowledge of operational stresses 
Requires detail knowledge of part/process characteristics
Can be time consuming
Limited number of part categories in NSWC-11 compared to NPRD-16 



Method III –
Physics of 

Failure

• Need detailed knowledge of environmental stresses on each part
• Need detailed technical data for each part (strength, etc)

Pro:   Usually provides the most realistic reliability prediction for
mechanical parts 

Cons: Difficult to obtain the necessary information / data
Time consuming 



What about Chemical “Parts”?

NPRD-16 contains failure rate data for initiators and igniters

Failure rate for igniter pellets (BKNO3) = FR(igniter) – ∑FR(hardware)

Failure rate for exploding foil = FR(initiator) – ∑FR(hardware)

Failure rate for main propellant more difficult 

Approach





What about Storage Reliability?







Conclusions

Historical failure data on similar systems (adjusted for new design) is optimal

Reliability Predictions for Solid Rocket Motors and Ordnance

• Can be difficult to obtain for contractors due to being OEM proprietary data
• Common for SRM manufacturers to use engineering judgement for reliability

Parts Count Method is simple and relatively fast

• NPRD-16 contains 10,000+ parts (categories and subcategories)
• Failure Rates vary widely across same part, so care must be used in selection

Parts Stress Method usually gives better estimates of failure rates 

• Requires knowledge of part and detailed operating environments
• NSWC-11 does not contain most parts related to SRMs 

Physics of Failure Method most accurate for mechanical parts

• Requires much time and detailed knowledge 

When no historical data exists – we use combination of Parts Count and Parts Stress



https://aldservice.com/Reliability-Software/free-mtbf-calculator.html

https://reliabilityanalyticstoolkit.appspot.com/

(29. Mechanical reliability data)

Free Mechanical Failure Rate Data Sources

http://everyspec.com/USN/NSWC/NSWC-11_RELIABILITY_HDBK_MAY2011_55322/

Not Free

https://www.quanterion.com/product/publications/nonelectronic-parts-reliability-
data-publication-nprd-2016/ $275+

https://aldservice.com/Reliability-Software/free-mtbf-calculator.html
https://reliabilityanalyticstoolkit.appspot.com/
http://everyspec.com/USN/NSWC/NSWC-11_RELIABILITY_HDBK_MAY2011_55322/
https://www.quanterion.com/product/publications/nonelectronic-parts-reliability-data-publication-nprd-2016/

