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Problem Definition 

Random Field 

Random Process approach to reliability-based 

design is needed         time-dependent reliability 
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Quality = Reliability (t = 0) 

System Reliability 

Problem Definition 
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What can we get from Time-

Dependent Reliability? 

Time for 

Maintenance 

Acceptable 

Reliability 

 

Design for: 

• Lifecycle cost 

• Quality 

• Warranty 

• Maintenance schedule for 

CBM 
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Lifecycle Cost = Production Cost 

                           + Inspection Cost 

             + Expected Variable Cost 

Quality Time-Dependent System Reliability 

Accurate and efficient predictive tools are, therefore, needed to 

estimate Time-dependent System Reliability. 

Design for Lifecycle Cost 
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Design for Lifecycle Cost 
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Problem Statement: 

  Design for Lifecycle Cost 

5/13/2009 

 rtC fL ,,,min
,,

x
σμd

μd
XX

UL ddd 

UL XXX μμμ 

s. t. 
  )(,, 00 tptF f

i

Qi
Xd

System Reliability 

Quality 

ft
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research. 
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Definitions / Observations 
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Reliability: Ability of  a system to carry out a function in a time period [0, tL] 

Cumulative 
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Calculation of Cumulative 

Probability of Failure 

1t Ft2Kt 1Kt2t0

time 
t

tKtF 

• State-of-the-art Approaches 

 PHI2 method (Andrieu-Renaud, et al., RESS, 2004) 

 Set-Based approach (Son and Savage, Quality & Rel. 

Engin., 2007) 

• State-of-the-art approaches are in general, inaccurate due to: 

 Choice of  

 Not including contribution of all discrete times 

t
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Cumulative Probability of Failure 

Composite Limit State 

0tKt

0t Kt

Unsafe 

region 
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“Composite” limit state 

MPP1 

MPP2 
Kttt 0

Example 1: Linear Limit State 

 2
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2 1,0~ NX

  2121 ,, tXXtXXg 

Single MPP of instantaneous limit states evolves into 

multiple MPPs of composite limit state. 
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Cumulative Probability of Failure 

Composite Limit State 
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Composite Limit State: Example 2 

t = 0 
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Composite Limit State: Example 2 

t = 0 t = 0.125 
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Composite Limit State: Example 2 

t = 0.125 t = 0.25 t = 0 
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Composite Limit State: Example 2 

t = 0.125 t = 0 t = 0.25 

t = 0.375 
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Composite Limit State: Example 2 

t = 0.125 t = 0 t = 0.25 

t = 0.375 t = 0.5 
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Composite Limit State: Example 2 
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Reliability Index Approach 

– Limit State is kept Time-dependent i.e.  

 

Maximum Response Approach 

– Limit State is converted into Time-Independent i.e 

 

5/13/2009 

Calculation of Probability of Failure 

Two Proposed Approaches 

0),,( tg Χd

0),( Χdg
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Calculation of Probability of Failure 

 Reliability Index Approach: 

Time is treated as an additional design variable in RIA 

optimization.  
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Cumulative Probability of Failure 

  0, max  yyg tXd

Composite Limit-State as time-independent is defined as:  
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 Maximum Response Approach: 
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Two-DOF System 

Calculation of pf : 
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Two-DOF System 

  KgKgNm mmmmc 5,55,,~ 2  

  mNENk kkks /0433,,~ 2 

mNEk /043

 tu : unit impulse;  st 50 
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T=0.2 sec T=1 sec 

Two-DOF System- Multiple MPPs 

 Maximum Response method 

 Niching GA optimization to search for multiple MPPs 
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Two-DOF System- Comparison of Pf 
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Design of a Roller Clutch 

using Lifecycle Cost 
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D: Hub diameter, mm 

d: Roller diameter, mm 

A: Cage inner diameter, mm 

D, d, and A are normally 

distributed 

Due to degradation: 

 kt 1DD

 kt 1dd

 kt 1AA

yearmmEk /045.2 with:                    

Random Design Variables: 

Roller Clutch 
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Roller Clutch 
Constraints: 

Contact angle 06.011.0  rad 
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Roller Clutch: Problem Statement 
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Roller Clutch: Results 

Initial Design vs. Case 1 Case 1 vs. Case 2 and Case 3 

Initial 

Design 

Optimal Design 

Case 1 Case 2 Case 3 

Objective Total Cost 28.2275 23.876 24.5440 21.1896 

Production Cost 17.3900 21.3340 23.4446 19.9383 

Inspection Cost 0.7677 0.0260 0.0260 0.6596 

Expected Variable Cost 10.0697 2.5161 1.07340 0.5918 
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Summary/Conclusions 

 A new method to calculate the Cumulative Probability of 

failure is presented for linear and non-linear problems. 

 

 The design study of the roller clutch showed that: 

 

 Lifecycle cost can be reduced by controlling the 

probability of failure though time. 

 

 Higher lifecycle cost due to higher initial quality does 

not guarantee acceptable reliability. 
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Challenges/Future Work 

5/13/2009 

 

Improve further efficiency by: 

 Random process characterization using time-

series modeling techniques. 

 Solving RBDO problem using Probabilistic Re-

Analysis which uses a single MCS 

 

Apply presented ideas/approaches to the Army 

related problems 

Challenges/Future Work 
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Q & A 

**Disclaimer:  Reference herein to any specific commercial company, product, process, or service by trade name, trademark, 

manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 

United States Government or the Department of the Army (DoA).  The opinions of the authors expressed herein do not 

necessarily state or reflect those of the United States Government or the DoA, and shall not be used for advertising or product 

endorsement purposes.** 


