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 Abstract
• Continuous Improvement of asset reliability is made possible with a combination of test data and 

field data. Using Failure Mode and Effect Analysis (FMEA), we can ask the right questions when 
attempting to study test and field data to calculate failure distributions over time. Failure modes 
can then be ranked, and plans proposed for supplementary testing where the data are found to be 
weak, or the reliability is lowest. Changes to the asset with respect to reliability improvement is 
actioned and traced through FMEA revision control. In this presentation we demonstrate how FMEA 
may be used to improve component reliability by combining qualitative engineering judgement 
with quantitative evidence derived through statistical rigour. 

 About the presenter, Chris Wynn-Jones, Application Engineer – Reliability, HBK
• Christopher Wynn-Jones has a BEng (Hons) in Mechanical Engineering from University of 

Wolverhampton coupled with 25 years of engineering experience. After various manufacturing roles 
Chris went on to become a Safety and Reliability Engineer for civil and military products in the air, at 
sea and ground vehicles. He is an Application Engineer for ReliaSoft reliability software, supporting 
customers in industry and in universities with software solutions and best practices in Engineering 
for Reliability.

• Chris also sits on the WG1 committee of the Institute of Mechanical Engineers [IMechE] Safety and 
Reliability Group (SRG). The SRG group promotes the development of safety and reliability 
requirements for products such as equipment, systems or services.

Prioritising tests required to mitigate reliability risk 
exposure



Prioritizing tests required to mitigate reliability risk exposure

SYSTEM RELIABILITY – HBK TECHNOLOGY DAYS 2023

Chris Wynn-Jones

PUBLIC



Unrestricted

Internal vs. External Reliability View

Engineering Teams

• View reliability as the domain to address mechanical, electrical and manufacturing issues

Customers

• View reliability as a system-level issue

˗ Focus on total product performance

The primary measure of reliability is made by the Customer

• Engineering teams must maintain a balance of views to develop a reliable product

˗ Business needs vs. Customer expectations

˗ System vs. Domain vs. Component



Unrestricted

Factor of 10 Rule

Fact - cost of discovering issues increases tenfold through the development process

Complex system reality  

Concept Phase

Design Phase

Development Phase

Manufacture Phase

Support Phase

$

$ x 10

$ x 100

$ x 1000

$ x 10000

Concept Phase

Support Phase

$

$ x 10000

 Final assembly product release test!
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Reliability Engineering

scientific know-how 

Physics

Engineering

Statistics
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System Hierarchy 

Complexity grows over time

Concept 

System

List of Sub Systems
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System Interfaces
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System Functions

Interfaces

Customer Requirements Standards & Legislations

 Failure Mode and Effects
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System level Failure Modes and Effects Analysis (FMEA)

Very early in the concept phase of the System design the 

Severity of each Functional Failure can be ranked 1 to 10

Risk Discovery ranks the different Sub Systems and 

highlights areas of weakness System FMEA
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System level Failure Modes and Effects Analysis (FMEA)

Very early in the concept phase of the System design the 

Severity of each Functional Failure can be ranked 1 to 10

Risk Discovery ranks the different Sub Systems and 

highlights areas of weakness 

Risk + High Severity = Focal point     

System FMEA
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Reliability Study – Data Collection

From highest risk, work on each and research what is 

known from all availably resources.

Failure times, suspensions or time without failing

Environmental and Usage Conditions

Concept?
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Reliability Policy – Red Flags
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Risk Priority Number (RPN)

The final part of the FMEA can be 
completed;

• Causes, route cause or translations 
from physics of failure

• Occurrence/Frequency [Oi] – Reliability 
Policy 

• Detectability [Di]

• RPN

˗ All high RPN scores lead to raising test 
plan actions

Highest RPNs?
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Risk Priority Number (RPN)

The final part of the FMEA can be 
completed;

• Causes, route cause or translations 
from physics of failure

• Occurrence/Frequency [Oi] – Reliability 
Policy 

• Detectability [Di]

• RPN

˗ All high RPN scores lead to raising test 
plan actions

Test Plan – Actions for high RPN’s 
Understand root cause;

What is the Physics of failure [PoF] ?
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FMEA vs Physics of Failure (PoF)

 Is analysis of the route cause is Qualitative, PoF is Quantitative using data driven 
design tools to study known failure mechanisms.

Design tool Examples;

˗ Computer-aided Design (CAD) Drawings

˗ Finite Element Analysis (FEA)

˗ Solid Modeling

˗ Dynamic Simulation

˗ Fatigue Analysis

˗ Thermal Analysis

˗ Accelerated Testing 

˗ Simulation

“Analytical Models” based on 

underlying “Constitutive Equations”
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Reliability Demonstration Test Design

Example - Non-Parametric Binomial

• How many units are needed to demonstrate a required reliability at  given time with a level of 
confidence?

22 Samples, without failure, for 1 hour test life
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Tracking a Test Plan

Often assumptions or historic data are used in test planning. How can you know if 
you are executing to plan or if something has changed?

• In Weibull++, choose Home > Insert > Test and Planning > Test Design and choose the 
Expected Failure Times Plot option
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“Design for Reliability” 4 lines of defense…

1. Design Out 
Failure Mechanisms

2. Reduce Variation 
in Product Strength

3. Reduce Effect 
of Usage/Environment

4. Increase Design 
Margins

“Wouldn’t it be better to try to design out failure modes?” YES!

Design out failure is first line of defense
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Stress in an ALT

Stress Strength

Stress Strength

Stress Strength

Objective

Accelerated Test

Usage

Objective: Increase 

Stress to Increase the 

probability of failure
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pdf vs. Time vs. Stress Relationship
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Reliability Process Summery
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Sub-System Reliability Improvement 

!
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What next
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Reliability Block Diagram (RBD)

Left to Right

FMEA is serialized, singular failures.

Low Reliability red flag items if can not be Improved consider redundancy.
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Reliability Block Diagram (RBD)

Left to Right

FMEA is serialized, singular failures.

Low Reliability red flag items if can not be Improved consider redundancy.
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Reliability Fault Tree Analysis (FTA)

Sub System
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Reliability Fault Tree Analysis (FTA)
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Low Reliability red flag items if can not be Improved, then look to  include redundancy. [AND]

Sub System
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System Summary 
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