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HI Market Segments

HighTech Energy     Automotive      Health        Agro&Food

Business Drivers:

• Reduction of Complexity – Sustainable solutions

• Short Time To Market – Right Product with Right Design

• Cost control – Cost of Non Quality reduction
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Reliability Validation Testing

Testing according to Standards / Guidelines

• Relation test – Customer usage?

• How many samples to test?

• What Reliability can be expected after test completion?

Is a “standard test” valid for New Concepts… ?

• New functions

• New failure modes

• How to prove a Minimal Reliability?

• Is the “Standard Environmental Testing” sufficient?

Alternative: Test Plan Creation using 

Design - FMEA  &  Test Substantiation

November 2017 Copyright by Holland Innovative

Specify System Reliability Predict System Reliability   

Define Identify Design Optimize Validate Monitor &   DMAIC

Design for Reliability V-Cycle

Parameter

Diagram

FMEA

Failure Modes

Failure 

Mechanisms

Degradation 

Model

Acceleration 

Factors

Validate / Test

Failure-modes

Physics of 

Failure

Usage / Load Profile

CTQ Flowdown / Functions

Stressors / Noise
Weibull / Historical Data

Rel. Targets / RBD

Fault Tree Analysis

HALT Testing - Concept

Risk Mitigation Plan

Boundary Diagram

Robust Design

Accelerated Life Test 

Risk Mitigation: DVP&R

Weibull / Crow-AMSAA

Risk Matrix

Design of Experiments

Weibull / RVP-testplan

MEOST / HASS

FRACAS

Tech. Req. Spec’s

Design Guidelines

Field Monitoring

Root Cause Analysis

Reliability Growth Plan

Design Review
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Includes co-designing with key suppliers AND to all 

supply chain manufacturing processes

Design of the Reliability Test Plan

FRACAS, DVP&R, Scorecards, Reporting

Validate 
Reliability 

Reliability 
Growth

(Crow-AMSAA, 
Weibull)

Risk 
Analysis 

Design for 
Reliability

(D-FMEA, 
FTA, PoF)

Optimize 
functions 

Test 
planning

(RVP, 
DVP&R)

Product 
Definition

Reliability 
Targets

(RTB, RBD, 
TRS)

Reliability 
Information

Requirement 
Engineering 

(Weibull, 
FRBD, 

FRACAS) 

Field 
Validation

Proven 
Process

(Intro fleet, 
Weibull)

Testing

System

Engineering

Team effort in all Engineering disciplines

Applies to hardware & software
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1 - Requirements Engineering
– Functional decomposition

– Determine the CTQ’s

– Measurability

2 - Risk Analysis
– Design FMEA

– Risk Mitigation Plan

3 - Test Engineering
– Customer Usage Profile

– Physics of Failure

– Accelerated Life Testing (ALT)

– Type of testing
• Zero-failure testing

• Test to failure

Test Plan Creation Process
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FMEA
 Preparation

&
Execution

Quality & Risk Management

Reason for FMEA

CTQ Flowdown
System Decomposition

Risk Assessment

Scope

RPN 
scores

Risk Mitigation Plan
& 

Progress Reporting

FMEA: The Drill Down …

Requirements Engineering

Scope & 

Prioritization

Risk Analysis: FMEA

Preparation & 

Execution

Risk Mitigation

Design Validation Plan
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Scope Preparation & Prioritization

CTQ

Flowdown

System 

Decomposition

Scope of FMEA

Risk Assessment
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Risk Assessment

Risk Assessment
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Risk Analsis: FMEA Session

Scope FMEA

FMEA 
Preparation

FMEA Execution

P-diagram

RPN scores

Session 

preparation

Parameter 

Diagram

Execution

RPN Scores

Scope
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Risk Mitigation

Risk Mitigation 
Plan

Design 

activities

Functional 

measurements

System

Functional tests

Reliability

tests

Release plan

Control plan

Progress Report

Sign off plan

Preliminairy test plan

RPN scores

Quality & Risk Management

Risk Mitigation 

Plan

Reporting

Quality

Define activities

Risk 

Management
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Risk Mitigation 

Plan
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Physics of Failure (PoF)

What can cause the Failure Mode?

• Design weakness which may result in the Failure Mode

• Cause = Initiator - Stressor and Failure Mechanism
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Failure Effect =
Bearing function 

unavailable - seized

Failure Mode =  
Fracture

Failure Mode = 
Wear 

Failure 
Mode = …

Failure 
Mode = …

FAILURE 

EFFECT

FAILURE 

MODE

Failure 

Mechanism = 

Thermal 

cracking

Failure 

Mechanism = 

Abrasive 

wear

Failure 

Mechanism = 

Frictional 

corrosion

Failure 

Mechanism 

= …

Failure 

Mechanism = 

…

Failure 

Mechanism = 

HCF

FAILURE 

MECHANISM

Initiator = 

Micro crack

Initiator = 

Brinelling
Initiator = …

Initiator = 

Contaminat

ion

Initiator = …

Initiator = 

Corrosion 

(pitting)

Initiator = 

Corrosion 

(pitting)
INITIATOR

AND

Effect – Mode – Mechanism - Initiator
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The probability of failure is increasing in time.

Last part of the Bath Tub curve

Failure is a Time dependent process

Random Failure
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1 - Requirements Engineering

November 2017 Copyright by Holland Innovative

VOC
Voice of 

Customer

VOC
Voice of 

Customer

VOB
Voice of the 

Business

VOB
Voice of the 

Business

Requirements 
Engineering

CTQ
Critical to Quality 
– Flow down

CTQ
Critical to Quality 
– Flow down

CTQ
Definition & 

Requirements

CTQ
Definition & 

Requirements

System 
Functional 

Decomposition

System 
Functional 

Decomposition

Component
Functional 

Requirements

Component
Functional 

Requirements

2 - Risk Analysis - FMEA
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Design-FMEA

Functional
Tests

Functional
Tests

Risk Mitigation 
Plan (DVP&R)

Reliability
 Tests

Measurements 
(Dimensions)

Measurements 
(Dimensions)

Design
Activities

Design
Activities

CTQ Score Cards Sign-Off tests
Engineering Release 

& Review Cards
Reliability 

Prediction tests

Risk Analysis

3 – Test Engineering
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Test 
plan

RVP
Reliability 

Validation Plan

Test 
Engineering

Physics of Failure

Reliability 
Requirements

ALT – Accelerated 
Life Testing

Failure 
Mechanisms & 

Modelling

Reliability 
Prediction

Reliability 
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Testing – 
Test Results

Testing – 
Test Results
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Statistics
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Statistics
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Analysis

Root Cause 
Analysis

Reliability Growth
Track Progress of Testing in Time

Reliability Growth
Track Progress of Testing in Time

Customer Usage / 
User Conditions

What Type of 
Testing?
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DfR Test plan Creation Process 
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Reliability 
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Testing – 
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Testing – 
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Statistics
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Analysis
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Reliability Growth
Track Progress of Testing in Time

Reliability Growth
Track Progress of Testing in Time

CTQ Score Cards Sign-Off tests
Engineering Release 

& Review Cards
Reliability 

Prediction tests

The Creation of a Reliability Test Plan

Risk Analysis

Customer Usage / 
User Conditions

What Type of 
Testing?

Ronald Schop

Sr. Director Reliability

www.holland-innovative.nl

Holland Innovative
Powerful Solutions 

Focus on complex business processes
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Questions?
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