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Goal
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Provide the overall direction and process for 
Design for Reliability (DFR) program 

Highlight essential techniques, best practices and 
industry standards for Reliability Engineering

Demonstrate a set of tools that would support all 
phases of DFR program

• How to address the lack of detailed data

• How the tools can be used for planning and 
executing test plans

• And more
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Assess Design
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Define Requirements



Agenda
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1. Introduction

2. Define Reliability Requirements

3. Identify Reliability Risks 

4. Assess  & Analyze Phase

5. Verify & Quantify

6. Validate & Assure

7. Sustain and Control

8. Conclusions
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Case study

ReliaSoft Software
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Prenscia Overview 

Software Brands Training & Education Services

• Design for reliability

• Design for durability

• Fatigue theory

• Hands-on software

• Materials testing

• Solutions for design, 

development and test

• Solutions for asset 

management

Prenscia helps engineers deliver durable and reliable products

and avoid the cost of unexpected failures.
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Introduction
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What is DFR
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A discipline that refers to the process of 
designing reliability into products

• Ensure customer expectations for reliability 
are fully met

• Minimize costs and increase profit margins

DFR is a Process that an organization 
needs to have in place in order to drive 
reliability into their products. 

• Specific order of reliability activities and 
practices

• Linkage between development stages

• Set of engineering, scientific and software 
tools



Case study for Seminar – Electric Drive System
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Phase 1 - Define Reliability Requirements
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Sustain and 
Control

Validate and 
Assure

Verify and 
Quantify

Assess DesignIdentify Risks
Define 

Requirements

Deliverables

Reliability Requirements

Certification 

Requirements

Baseline Reliability 

Report

Customer Usage 

Summary Report

Define Reliability Requirements

 Clearly and quantitatively define the reliability requirements and 
goals for our products

 Define end-user product environmental/usage conditions. 

This phase forms the basis to which the product success will be 

measured and will be passed to future steps in DFR process 



Get information
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 Define Customer Usage and Environment

• Temperature

• Humidity

• Customer usage stress

• Duty Cycles

• Limits of operation  

 Gather information & Lessons Learned

• Collect (or at least identify) the information we will 
need for subsequent steps  

• If similar designs exist, FRACAS data as to 
observed failure modes, occurrence rates, etc., are 
invaluable. 
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Reliability statement
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Reliability 
Target

Mission 
Duration

Operating 
Conditions

Failure 
definition

Confidence

“95% Reliability for 15,000 hours with 70% confidence for a 98th

percentile customer”
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Phase 2 - Identify Reliability Risks Phase
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Sustain and 
Control

Validate and 
Assure

Verify and 
Quantify

Assess DesignIdentify Risks
Define 

Requirements

Identify Reliability Risks Phase

Deliverables

Risk Discovery Analysis

P-Diagram

DFMEA & Actions

Validation Test Plan

Special Characteristics

FTA

 Understand how much change is introduced to an upgraded 
product (Change Point of Analysis) or a new (Risk Discovery)

 Drive actions that will help mitigate those risks. 

The purpose of this  phase is to identify and prioritize the Key 

Reliability Risk items and their corresponding Risk Reduction 

Strategy



Key Tools to Assess Risks
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 P-Diagram

• Brainstorm! What are the inputs? What are the 
outputs? What factors must be considered?

• It directly provide inputs to DFMEA

˗ Outputs > Functions

˗ Control Factors > KPCs

˗ Error States > Failure Modes

˗ Noise Factors > Failure Modes & Causes

 Risk Discovery

• Preliminary risk analysis that can help you 
select the elements on your design that 
will receive more detailed analysis
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Key Tools to Assess Risks
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 DFMEA

• A document that guides one through a 
systematic process to define the key 
functions of a system and identify risks to 
those functions.
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 Identify Key Functions and 
interactions of components

 Discover root cause of failures -
- Prioritize by relative risk

 Develop actions to mitigate 
highest risk causes



Key Tools to Assess Risks
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 DFMEA
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Key Tools to Assess Risks
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 Special Characteristics - KPCs

• Product characteristic that can affect fit, function, 
performance, safety or compliance in a critical 
way

 Validation Test Plan

• List of actions that describe specific tests that 
need to be performed.

• Design assessment, design maturity tests and 
production screening tests should be considered

• Tests results used to populate the Reliability 
model and assess areas of weakness in the 
design
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Phase 3 - Assess & Analyze Phase
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Sustain and 
Control

Validate and 
Assure

Verify and 
Quantify

Assess DesignIdentify Risks
Define 

Requirements

Deliverables

System Reliability Model 

and Report

Reliability Allocation

Physics of Failure 

models and Report

DART Test Report

Assess & Analyze Phase

 Create initial System 
Reliability model

 Investigate Risks identified in 
DFMEA

 Physics of Failure models

Information may, initially, be 

ambiguous however there is 

great value in understanding 

the effects of each parameter 

on the reliability of the product



RBDs and FTs
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 Reliability Block Diagram  Fault Tree

 Easier to construct when modeling complex systems

 Can be used to identify design weaknesses

 Better suited for maintainability and throughput 
analysis

 Easier to construct for events and failure modes

 Traditionally used in Risk Analysis

 Can be used to analyze failures or as an investigative 
tool to pinpoint root cause of failures
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Reliability Allocation
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 Once the reliability requirements are 
defined, they can be cascaded and 
allocated to subsystems, 
components and subcomponents

 Completing the allocation task will
likely identify some gaps between the
required reliability and what is feasible.

www.hbkworld.com | © HBK – Hottinger, Brüel & Kjær | All rights reserved



Initial Reliability Models
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 Use actual data where possible (historical, test, 
etc.)

 Use manufacturer data were available

 Use/create a Physics-of-Failure model where 
possible 

 Use an estimated value based on occurrence in the 
DFMEA

 Use standard based reliability values
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Phase 4 - Verify & Quantify Phase
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Sustain and 
Control

Validate and 
Assure

Verify and 
Quantify

Assess DesignIdentify Risks
Define 

Requirements

Deliverables

DMT Test Reports –

round 1

System Reliability model 

update

DFMEA Update

Risk Register Update

Verify & Quantify Phase

 Areas of weakness in the design 
identified at earlier phases should be 
tested and improved

 The results should be quantified and 
reviewed against targets

 Any gaps should result in the 
development of a plan to improve the 
component or system

This phase of Reliability 

engineering coincides with 

Design Maturity Testing 

(DMT) and it is used to 

further populate the Reliability 

model with test results



Reliability tests classification
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 Design Assessment Reliability Testing

 Design Maturity Testing

 Production Screening Testing

 Reliability Growth Testing
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Design Maturity Testing
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 A series of tests targeting specific Failure 
Modes or Design Parameters to quantify the 
reliability of the product

• Life test under normal conditions

• Accelerated life test

• Degradation test

• Demonstration test

 Formal, statistical in nature, and requires 
standard procedures

 Results are used to update Reliability models
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Accelerated Life Test
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 Limits: 150oc demagnetization

 Operating temperature: 65oc

 Sample size: 10 

 Perform Coil life test at elevated temperatures 

 Determine B10 life for the coil at operating 

temperature
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Degradation Test
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 Run bearing - shaft vibration test, monitor noise and vibration levels. 

 Normal operating conditions for applied forces and torque 

 Degrading quantity: RMS of vibration signal

 Critical level: RMS = 3Grms 

 Determine MTTF for bearing
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Phase 5 - Validate & Assure Phase
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Sustain and 
Control

Validate and 
Assure

Verify and 
Quantify

Assess DesignIdentify Risks
Define 

Requirements

Deliverables

DMT Test Reports –

second round

System Reliability model 

update

DFMEA Update

PFMEA Update

Verify & Quantify Phase

 Testing of full system in the actual operating conditions

 Reliability Demonstration test

 Any unexpected failures should be resolved quickly due 
to the proximity to product launch

Unfortunately, because this is likely the first opportunity 

to test the system in actual operating conditions, system 

interaction failures will probably be seen



Demonstration test: non-repairable
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 Run Demonstration Test based on estimated acceleration factor to demonstrate reliability lifetime 
requirements
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Demonstration test: repairable

32 www.hbkworld.com | © HBK – Hottinger, Brüel & Kjær | All rights reserved

 Run Demonstration Test under customer defined operating conditions to demonstrate reliability 
lifetime requirements



Agenda
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1. Introduction

2. Phase 1 - Define Reliability 
Requirements

3. Phase 2 - Identify Reliability Risks 

4. 10 Minute break

5. Phase 3 - Assess & Analyze Phase

6. Phase 4 - Verify & Quantify

7. Phase 5 - Validate & Assure

8. 10 Minute break

9. Phase 6 - Sustain and Control

10. Conclusions
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Each phase of DFR program covers required Reliability 

Activities and supported by the software example.
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Phase 6 - Sustain and Control Phase
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Sustain and 
Control

Validate and 
Assure

Verify and 
Quantify

Assess DesignIdentify Risks
Define 

Requirements

Sustain & Control Phase

The final phase of DFR focus on monitoring the product 

as it is manufactured and used by customers

 Last but not least…Key step in the DFR program!

 Necessary in order to observe the behavior of the product 
in its actual use (and abuse) conditions, and use the 
gained knowledge for further improvements or in future 
projects

Deliverables

PST Incidents

PFMEA

Control Plan

FRACAS Summary Report

FRB Meetings

Warranty Analysis



FRACAS
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 FRACAS is a disciplined and structured closed-
loop process for solving issues at the design, 
development, production, and deployment 
stages, through which the reliability of a system 
can be continually improved.

 FRACAS stands for Failure Reporting, 
Analysis and Corrective Action System
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 The basic idea of FRACAS is one of the
easiest concepts to understand! 

Yet one of the most difficult to successfully 
implement in the context of an effective Reliability 
Program



Benefits
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Increase likelihood of meeting reliability 
requirements

Decreased equipment downtime & 
availability

Decrease overall life Cycle costs

Reduce product liability exposure

Reduce Warranty costs

And one of the most important 
ones….Satisfied customers!!!
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FRACAS Reports & FRBs
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 FRB stands for Failure Review Board

Communication tool to help 
acknowledge management and team 
members about the Reliability 
performance of our products and 
services over time

Provides a framework for decision 
making to allocate resources and drive 
further actions
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Conclusions
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DFR is a Process that an organization needs to have in place in order 
to drive reliability into their products. 

The ReliaSoft tool suite can support the DfR process from beginning 
to the end of product lifecycle (or for the part only based upon 
business choices or needs). 
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Thank You
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Semyon Mikheevskiy - Application Engineer

Semyon.Mikheevskiy@HBKworld.com
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