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The views expressed in this presentation are
author’s own and don’t reflect his
employers!

Disclaimer

Objective
The purpose of this presentation is to use
numerical examples to demonstrate the data
analysis for various fractional failure scenarios
using the most popular commercial software in
the market (such as Weibull++, JMP, and
Minitab), including

× data collection,

× failure classification,

× fractional failure determination,

× data entry format,

× life distribution parameter estimation,

× reliability quantification, and field risk prediction.
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Introduction: Why Fractional Failures?

Challenges to Traditional Reliability Analysis 
for Fuzzy-State Products 

ü In real world practice, product status is not always as clear as black and 
white. Instead, the fuzzy-state condition can be encountered when 

Vcorrective actions (CA) are partially effective (greater than 0%, but less than 
100%), 

Vperformance degradation has crossed the pre-specified threshold but hasn’t 
manifested as a macro failure (cease to function physically) yet, 

V failure analysis cannot duplicate the field failure symptom due to failure 
diagnosis limitation, 

Vactual failure cause is not readily available due to lack of FA resource, but there 
are empirical knowledge for the likelihood for each cause, etc.

ü For fuzzy-state product, the actual failure counts may not be integer 
anymore, but “fractional” instead,  due to the uncertain failure status 
(likelihood).

ü When such situations arise, a “fractional failure” based reliability 
assessment methodology needs to be introduced. 

Conventional Data Analysis 
With Whole/Integer Failures 
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Classical Reliability Life Data Analysis
- Simple Right Censorship

ü Traditional reliability analysis is based on product status under specified 
operating conditions for specified period of time: 

“failure” (F)            or              “survivor” (S).

Lln=L

Parameter Estimation: 

Maximum Likelihood Estimation (MLE) Method

Reliability Life Test
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Classical Reliability Life Data Analysis
- Multiple Censorships

ü Below is a more generalized case including complete (no censoring), left 
censored, right censored, and interval (left and right censored) data : 

Lln=L

Parameter Estimation: 

Maximum Likelihood Estimation (MLE) Method
Reliability Life Test

kl
l

,...,,    , 210 ==
µ

Lµ

q

Integer 

Failure Count
Integer 

Survivor Count

(2)

Classical Reliability Life Data Analysis
- RDT Example

ü RDT Summary: n = 1200; 𝑻𝒅 = 1,014 hrs; r=22; AF = 13

ID Status Freq POH Censor CA Effectiveness

F#01 F 1 198 0 95%

F#02 F 1 301 0 80%

F#03 F 1 390 0 80%

F#04 F 1 416 0 95%

F#05 F 1 425 0 80%

F#06 F 1 436 0 80%

F#07 F 1 602 0 80%

F#08 F 1 641 0 0%

F#09 F 1 657 0 40%

F#10 F 1 943 0 80%

F#11 F 1 112 0 40%

F#12 F 1 517 0 40%

F#13 F 1 598 0 40%

F#14 F 1 615 0 75%

F#15 F 1 807 0 40%

F#16 F 1 153 0 99%

F#17 F 1 736 0 99%

F#18 F 1 706 0 75%

F#19 F 1 886 0 80%

F#20 F 1 898 0 75%

F#21 F 1 1,002 0 40%

F#22 F 1 1,011 0 75%

Survivors S 1,178 1,014 1 NA

Classical Reliability Life Data Analysis
- RDT Example

ü Weibull Analysis using JMP Software

ÁThe total failure rate: 22/1200 = 1.83%.

ÁThe Weibull slope, beta=1.486, indicating an 

increasing hazard rate.

Total # of Failures: Integer Count

Classical Reliability Life Data Analysis
- RDT Example

ü Weibull Analysis Comparison between Different Analysis Software

Analysis 

Software

Parameter Point Estimate 

(MLE)

Parameter 95% 2-sided 

Confidence Bound
Field AFR, 

%/year
𝜷 ෝ𝜼 (𝜷𝑳𝟐; 𝜷𝑼𝟐) (𝜼𝑳𝟐; 𝜼𝑼𝟐)

JMP 1.486 14,854 (1.049; 2.549). (4,680; 47,149) 1.00%

Weibull++ 1.486 14,853 (0.980; 2.255) (4,680; 47,141) 1.00%

Minitab 1.486 14,854 (0.980, 2.255) (4,680, 47,149) 1.00%
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Likelihood Function Structure 
When Fractional Failures Are Present

Likelihood Function With Fractional Failures
- Multiple Censorships

Reliability Life Test and Censorship Types
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Likelihood Function With Fractional Failures
- Multiple Censorships

Lln=L

Parameter Estimation: Maximum Likelihood Estimation (MLE) Method
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Using Commercial Software Packages 
in Dealing with Fractional Failures
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Fractional Failures/Survivors due to 
Partially Effective Corrective Actions 

Fractional Failures/Survivors Due To Partially 
Effective Corrective Actions - Background

Â Corrective action (CA) or counter measure (CM) are two 
common terminologies that represent the actions or measures 
that were taken to improve or eliminate failures.

Â Such actions or measures are often developed based on the 
understanding of the underlying failure mechanisms through 
failure analysis (FA) or design of experiments (DOE). 

Â In practice, people often discount failures with CA in place.

Â However, not all CAs are effective, nor can they completely 
eliminate failures. Plus their effectiveness are subject to 
verification. 

Â Reliability practitioners need to use caution in taking the CA 
credits.

Failure Breakdown Considering Corrective 
Action Effectiveness

ñFractional FailureòñFractional SurvivoròñInteger Failureò

1- CA Effectiveness CA Effectiveness1 Failure

Likelihood to Reappear Likelihood to Disappear1 Failure

1- 75% = 0.25 75% = 0.751 Failure

ñFò ñFò ñSò

EXAMPLE: CA Effectiveness = 75%

ñFò ñFò ñSò

CA

CA

CA

CA

Reliability Analysis Considering Corrective 
Action Effectiveness - Example

Â Reliability Demonstration Test (RDT):
ü Sample Size: N = 1,200

ü Test Duration: T = 1,014 hours

ü Total # of Failures: r = 22

ü RDT acceleration factor: AF = 13

ü Run Time (for both failures and survivors):  in the table of next page.

Â Failure analysis (FA) is conducted and corrective actions (CA) 
are developed

Â Effectiveness value of each CA is listed on the very right column.

Â The management wants to know the impact of these corrective 
actions on the product reliability, if all these CAs are applied. 
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Reliability Analysis Considering Corrective 
Action Effectiveness – Example (cont.)

Sample ID Status Freq POH Censor CA Effectiveness

F#01 F 1 198 0 95%

F#02 F 1 301 0 80%

F#03 F 1 390 0 80%

F#04 F 1 416 0 95%

F#05 F 1 425 0 80%

F#06 F 1 436 0 80%

F#07 F 1 602 0 80%

F#08 F 1 641 0 0%

F#09 F 1 657 0 40%

F#10 F 1 943 0 80%

F#11 F 1 112 0 40%

F#12 F 1 517 0 40%

F#13 F 1 598 0 40%

F#14 F 1 615 0 75%

F#15 F 1 807 0 40%

F#16 F 1 153 0 99%

F#17 F 1 736 0 99%

F#18 F 1 706 0 75%

F#19 F 1 886 0 80%

F#20 F 1 898 0 75%

F#21 F 1 1002 0 40%

F#22 F 1 1011 0 75%

Survivors S 1178 1014 1 NA

Reliability Analysis Considering Corrective 
Action Effectiveness – Example (cont.)

ID Status Freq POH Censor

F#01 F 0.05 198 0

F#02 F 0.2 301 0

F#03 F 0.2 390 0

F#04 F 0.05 416 0

F#05 F 0.2 425 0

F#06 F 0.2 436 0

F#07 F 0.2 602 0

F#08 F 1 641 0

F#09 F 0.6 657 0

F#10 F 0.2 943 0

F#11 F 0.6 112 0

F#12 F 0.6 517 0

F#13 F 0.6 598 0

F#14 F 0.25 615 0

F#15 F 0.6 807 0

F#16 F 0.01 153 0

F#17 F 0.01 736 0

F#18 F 0.25 706 0

F#19 F 0.2 886 0

F#20 F 0.25 898 0

F#21 F 0.6 1002 0

F#22 F 0.25 1011 0

ID Status Freq POH Censor

F#01 S 0.95 198 1

F#02 S 0.8 301 1

F#03 S 0.8 390 1

F#04 S 0.95 416 1

F#05 S 0.8 425 1

F#06 S 0.8 436 1

F#07 S 0.8 602 1

F#08 S 0 641 1

F#09 S 0.4 657 1

F#10 S 0.8 943 1

F#11 S 0.4 112 1

F#12 S 0.4 517 1

F#13 S 0.4 598 1

F#14 S 0.75 615 1

F#15 S 0.4 807 1

F#16 S 0.99 153 1

F#17 S 0.99 736 1

F#18 S 0.75 706 1

F#19 S 0.8 886 1

F#20 S 0.75 898 1

F#21 S 0.4 1,002 1

F#22 S 0.75 1,011 1

Survivors S 1,178 1,014 1

ñFractional FailuresòñFractional Survivorsò

ID Status Freq POH Censor CA Effect

F#01 F 1 198 0 95%

F#02 F 1 301 0 80%

F#03 F 1 390 0 80%

F#04 F 1 416 0 95%

F#05 F 1 425 0 80%

F#06 F 1 436 0 80%

F#07 F 1 602 0 80%

F#08 F 1 641 0 0%

F#09 F 1 657 0 40%

F#10 F 1 943 0 80%

F#11 F 1 112 0 40%

F#12 F 1 517 0 40%

F#13 F 1 598 0 40%

F#14 F 1 615 0 75%

F#15 F 1 807 0 40%

F#16 F 1 153 0 99%

F#17 F 1 736 0 99%

F#18 F 1 706 0 75%

F#19 F 1 886 0 80%

F#20 F 1 898 0 75%

F#21 F 1 1,002 0 40%

F#22 F 1 1,011 0 75%

Survivors S 1,178 1,014 1 NA

ñInteger Failuresò

Reliability Analysis Considering Corrective 
Action Effectiveness – Example (cont.)

ÁThe post-CA discount failure rate: 7.12/1200 = 

0.59% vs 22/1200 = 1.83% before (68% decrease).

ÁThe Weibull slope, beta=1.694 (slightly higher 

than but close to original beta of 1.486 without 

CA), indicating an increasing hazard rate.

Considering CA Effectiveness: 

Fractional Failure Count

What if we discount all failures with corrective actions in place, no matter 
how effective they are?

Before CA Discount

FA No. Freq POH
Status ïBeforeCA 

Discount

Censor ïBefore CA 

Discount

FA#01 1 198 F 0

FA#02 1 301 F 0

FA#03 1 390 F 0

FA#04 1 416 F 0

FA#05 1 425 F 0

FA#06 1 436 F 0

FA#07 1 602 F 0

FA#08 1 641 F 0

FA#09 1 657 F 0

FA#10 1 943 F 0

FA#11 1 112 F 0

FA#12 1 517 F 0

FA#13 1 598 F 0

FA#14 1 615 F 0

FA#15 1 807 F 0

FA#16 1 153 F 0

FA#17 1 736 F 0

FA#18 1 706 F 0

FA#19 1 886 F 0

FA#20 1 898 F 0

FA#21 1 1002 F 0

FA#22 1 1011 F 0

Survivors 1178 1014 S 1

Question

After CA Discount

CA Effectiveness
Status ïAfter CA 

Discount

Censor ïAfter CA 

Discount

95% S 1

80% S 1

80% S 1

95% S 1

80% S 1

80% S 1

80% S 1

0% F 0

40% S 1

80% S 1

40% S 1

40% S 1

40% S 1

75% S 1

40% S 1

99% S 1

99% S 1

75% S 1

80% S 1

75% S 1

40% S 1

75% S 1

NA S 1

22 

failures

1 

failure
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Results Comparison

CA Effects 

Consideration

Without Considering 

CA Effects

Based on Actual  CA 

Effects

Discount All Failures 

with CA

Chargeable Failures
22

(Integer)

7.12

(Fractional)

1

(Integer)

Weibull Slope 1.486 1.694 2.19

AFR With AF=1 

(POH=8,760hr)
36.66% 20.63% 9.04%

AFR With AF=13 

(POH=674hr)
1.00% 0.30% 0.03%

Fractional Failures/Survivors Due To 
Failure Diagnosis Limitation

- Part #1: Dealing with “No Fault Found” (NFF)

“No-Trouble-Found” Phenomenon

× “No-Trouble-Found” (NTF), or 
“No-Fault-Found” (NFF), or 
“No-Defect-Found (NDF)”, is a 
common terminology and 
phenomenon in industry to 
indicate failures from test or 
from field returns that are 
proved to be “not guilty” or 
“innocent”, and therefore can 
be discounted from failure 
chargeability.

× The NFF/NDF rate varies from 
product to product, and can 
range from 0% to as high as 
80%. 

Questions about NTF & NFF & NDF

Are NFF/NDF really ñTrouble Freeò or ñNot Guiltyò?

VPeople used to take NTF/NFF rate for granted, but it’s a function of our 
failure diagnostic capability. Especially for field returns, not all of them 
are subject to FA due to cost consideration.

VAs a matter of fact, in-depth parametric analysis indicates that 
“Everything happens for reason!”.

VOften many of those field returns came back because they were “Sub-
Healthy”, “Slow Performers”, “Intermittent Failures”, and could be 
potentially classified as “Virtual Failures”. 

VTheir reliability assessment can be conducted using “fractional failure” 
approach as well.
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Holistic Failure Analysis Reveals False 
NTF/NFF/NDF (or True & Virtual Failures)

ñNTFò

ñNFFò

ñNDFò

True ñNTFò

True ñNFFò

True ñNDFò

Virtual 

Failures 

True Failures

likelihood
ñInteger Failuresò

ñInteger Survivorsò

ñFractional Failures &  

Fractional Survivorsò

ñInteger Survivorsò

NTF/NFF/NDF Breakdown Considering 
Failure Confirmation Rate with Holistic FA 

ñFractional SurvivoròñFractional FailureòñInteger Survivorò

1-Failure Confirmation Rate Failure Confirmation Rate1 Survivor

Likelihood to remain ñinnocentò
Likelihood to be 

ñguiltyò
1 NTF/NFF/NDF 

1-40% = 0.60 40% = 0.401 NTF/NFF/NDF

ñSò ñSò ñFò

EXAMPLE: Failure Confirmation Rate = 40%

ñSò ñSò ñFò

HFA

HFA

HFA

HFA

Reliability Analysis of NTF/NFF
– Example
Â Field return NTF/NFF/NDF data sample size:  n=43

Â First time-to-failure (TTF) values in hours retrieved from log files: 
1055; 1798; 2061; 436; 1995; 1589; 1414; 4266; 2424; 1109; 20; 508; 1024; 349; 217; 215; 
184; 1656; 25; 4317; 19; 67; 660; 2846; 944; 876; 977; 1768; 1269; 203; 24; 212; 1966; 
2542; 3057; 11; 1158; 270; 37; 54; 19; 14; 23. 

Â Customer’s main complaint has been intermittent failure. 

Â However, due to resource limitation, these returns only went 
through a quick test and were claimed as NTF/NFF/NDF. 

Â Based on historical experience of in-depth FA on similar 
NTF/NFF/NDF devices, there was 40% chance that such claim is 
false. 

Â The management wants to understand the reliability 
characteristics of such NTF/NFF/NDF devices based on 40% and 
100% failure confirmation rate assumptions.

SN TTF, Hrs Freq
Censor 1  - 40% 

Failure

Censor 2 - All 

Chargeable

SN1 1055 0.6 1 0

SN2 1798 0.6 1 0

SN3 2061 0.6 1 0

éé éé éé éé éé

SN41 19 0.6 1 0

SN42 14 0.6 1 0

SN43 23 0.6 1 0

SN1 1055 0.4 0 0

SN2 1798 0.4 0 0

SN3 2061 0.4 0 0

éé éé éé éé éé

SN41 19 0.4 0 0

SN42 14 0.4 0 0

SN43 23 0.4 0 0

Reliability Analysis of NTF/NFF
– Example (cont.)

ñFractional 

Survivorsò

ñFractional 

Failuresò
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ÁThe Weibull slope, beta=0.7263 < 1.0, 

indicating a decreasing hazard rate.

Considering 40% Failure Confirmation Rate: 

Fractional Failure Count ï40% ñguiltyò

Reliability Analysis of NTF/NFF
– Example (cont.)

ÁThe Weibull slope remains the same, 

beta=0.7263 < 1.0, indicating a decreasing 

hazard rate.

Considering 100% Failure Confirmation 

Rate: Integer Failure Count ï100% ñguiltyò

Reliability Analysis of NTF/NFF
– Example (cont.)

Results Summary

Case Sample Size Failure # Survivor # Weibull Shape Weibull Scale

40% ñGuiltyò43 17.2 25.8 0.7263 3152.37

100% ñGuiltyò43 43 0 0.7263 892.79

ü The Weibull slope remain the same between two cases: β=0.7263 <1.0, indicating a decreasing hazard rate.

ü Also it can be shown that the scale parameter relationship between the two is as follows [2; 3] given β:

ü The probability they will return from field as failures within one year of full operation is 

𝜼𝟒𝟎% = Τ𝜼𝟏𝟎𝟎% 𝟒𝟎% Τ 𝟏𝟎𝟎% Τ𝟏 𝜷 𝟑𝟏𝟓𝟐. 𝟑𝟕 ≈ Τ𝟖𝟗𝟐. 𝟕𝟗 𝟒𝟎% Τ𝟏 𝟎.𝟕𝟐𝟔𝟑

%.
.)./( 76871
726303731528760 =- -

e

%.
.)./( 48991
72630798928760 =- -

e

for 40% failure confirmation rate

for 100% failure confirmation rate

Fractional Failures/Survivors Due To 
Failure Diagnosis Limitation

- Part #2: Dealing with “No Root Cause” (NRC)
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Background

Â It is often desired to conduct reliability analysis by factors, 
such as 
Ç Weibull Analysis by Failure Contributors, 

Ç Reliability Allocation based on Field Failure Data, 

Ç Test of Comparison (e.g., before CA vs after CA; by locations; …), etc.

Â The situation arises when actual failure cause is not readily 
available due to lack of FA resource. 

Â Each failure mode (symptom) can be caused by multiple 
causes, and there are empirical knowledge for the likelihood
for each failure cause based on historical data and expert 
experience. 

Â In this case, each symptom-based failure count can be split 
into multiple “fractional” failures of different failure causes.

Reliability Analysis when Failure Cause is Not 
Readily Available – Likelihood based Method

Likelihood of 

Cause #1

1 Failure 

Symptom

ñFò ñFò ñFò

EXAMPLE: ñCar Wonôt Startò Failure Mode ïEmpirical Failure Count Breakdown by Failure Cause

Likelihood of 

Cause #2

Likelihood of 

Cause #n

ñFò

𝒑𝟏
1 Failure 

Symptom
𝒑𝟐 𝒑𝒏é

é

Failure Mode
Failure Causes, Their Likelihood, and Failure Counts Breakdown 

(illustration only,not necessarily reflecting the truth)
/ŀǊ ²ƻƴΩǘ {ǘŀǊǘBattery Starter Fuel Ignition Engine Mischief Others
1 Failure (100%) 0.30 (30%) 0.16 (16%) 0.15 (15%) 0.16 (16%) 0.06 (6%) 0.05 (5%) 0.12 (12%)

Estimated (Fractional) 
Failure Counts 0.30N 0.16N 0.15N 0.16N 0.06N 0.05N 0.12N

Freq Time, Hr Status Failure Cause

1 2 F V

0.5 10 F V

0.5 10 F W

1 13 F V

1 23 F V

1 28 F V

1 30 F V

1 65 F V

1 80 F V

1 88 F V

1 106 F V

1 143 F V

0.8 147 F W

0.2 147 F V

1 173 F V

1 181 F W

1 212 F W

1 245 F W

1 247 F V

1 261 F V

1 266 F W

1 275 F W

1 293 F W

8 300 S

Example of Reliability Assessment with 
Undetermined Failure Root Causes

Consider that a simple device can fail due to two 
competing failure root causes: “V” and “ W”.  A 
total of 29 units were put on an accelerated life 
test with 21 chargeable failures.  Nineteen (19) of 
the 21 failures were root caused, while the root 
causes for the other two can not be determined 
due to diagnostic difficulty.

However, based on engineering team judgement 
and experience, the 1st one has 50% chance to be 
caused by root cause “V” and 50% chance by “W”. 
The 2nd failure has 20% chance by “V” and 80% 
chance by “W”.

The team wants to quantify the reliability 
characteristics by root cause based on this data set.  

Example of Reliability Assessment with 
Undetermined Failure Root Causes

Parameters

Distribution: Weibull-CFM

Parameters /ŀǳǎŜ ά±έ/ŀǳǎŜ ά²έ

Failure Freq 13.7 7.3

Beta 0.712528 2.576149

Eta, Hr 482.149562 383.830617

LK Value-942.2379874-522.7044381

ÁThe Weibull slope 

for cause ñVò , 

beta=0.7125 < 1.0, 

indicating a 

decreasing hazard 

rate.

ÁThe Weibull slope 

for cause ñWò , 

beta=2.5761 > 1.0, 

indicating an 

increasing hazard 

rate.
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Conclusions

Â It is the author’s belief that fractional failure will become a 
norm, instead of an exception. This is especially true with 
the advancement of failure physics, censoring technologies, 
and big data. 

Â The common causes for fractional failures include, but are 
not limited to  
Ç the nature of failure initiation, development, and 

manifestation, 

Ç effectiveness of corrective actions, 

Ç failure-physics based identification of the sub-healthy 
condition using parametric degradation analysis techniques, 

Ç failure analysis resource and capability limitation, and etc. 

Conclusions (continued)

Â Conducting scientific reliability analysis of the above 
scenarios requires proper status classification, proper data 
entry, and proper data handling by the analysis software. 

Â Limitations: potential subjectivity in determining fractional 
failure/survivor counts in real world practice due to lack of 
test verification, human judgement error, single (or non-
exhaustive) mechanism assumption behind the fractional 
failure quantification, etc. 

Â The reliability and risk engineering practitioners and 
analysts should work with the related subject matter 
experts (SMEs) to minimize such subjectivity, if possible. 

References

1) Fengbin  Sun and Jiliang Zhang, “Dealing with Fractional Failures and Survivors in Data Analysis of 
Reliability Engineering,” Proceedings of Annual Reliability and Maintainability Symposium, Orlando, 
Florida, January, 2017.

2) W. Nelson, Applied Life Data Analysis, Wiley, 2003. 

3) W. Meeker & L. Escobar, “Statistical Methods for Reliability Data,” John Wiley and Sons, Inc., 1998.

4) Scott A. Vander Wiel, William Q. Meeker, "Accuracy of Approximate Confidence Bounds Using Censored 
Weibull Regression Data from Accelerated Life Tests," IEEE Transactions on Reliability, Vol. 39, No. 3, 
1990, August.

5) ReliaSoft, Life Data Analysis Reference, 
http://reliawiki.org/index.php/Life_Data_Analysis_Reference_Book. 

6) Dimitri Kececioglu and Feng-Bin Sun, "Mixed-Weibull Parameter Estimation for Burn-in Data Using the 
Bayesian Approach," Microelectronics and Reliability, Vol. 34, No. 10, pp. 1657-1679, 1994. 

7) Dimitri Kececioglu and Feng-Bin Sun, Burn-in Testing - Its Quantification and Optimization, 704 pp., 1st 
Printing by Prentice Hall, May 1997, 2nd Printing by DEStech, 2003.

8) Feng-Bin Sun, Eve Ou, and Shaoang Zhang, “Quantifying And Controlling Hard Disk Drive Reliability 
Through Parametric Monitoring During Product Ongoing Reliability Test,” Proceedings of 15th ISSAT 
International Conference on Reliability and Quality in Design, San Francisco, California, August, 2009.  

9) Reliasoft, “Fractional Failure Analysis in Weibull++,” 
http://www.weibull.com/hotwire/issue175/hottopics175.htm, Sep. 2015.

10)Mingxiao Jiang and Feng-Bin Sun, “Risk Assessment with Causality Measurement,” Proceedings of 23rd 
ISSAT International Conference on Reliability and Quality in Design, Chicago, Illinois, August, 2017.  

Thanks for Your Time!

Any Questions?

Contact Information

Dr. Feng-Bin Sun: franksun9999@gmail.com

mailto:franksun9999@gmail.com

