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Example: Dec 2007 Memo Claude M. Bolton,
Assist. Sec. of the Army - Acquisition, Logistics & Technology

One of many DoD memos/reports
expressing concern with Reliability

(source: Ray Alderman, Dec 07)











10

DoD Reliability Improvement Work Group Identifies Need for Reliability
Assessments & Tools Based on Physical Science (a.k.a. Reliability Physics)

- To Advance Beyond Actuarial Reliability Prediction Handbooks



















19

Focuses on 3 Separate Phases
with Separate Control & Improvement Strategies

A View of Quality, Reliability & Durability (QRD) Via the
Traditional Product Life Cycle Failure Rate “Bath Tub” Curve
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The Bath Tub Curve
(Sum of 3 Independent Phenomena)

Durability = Wear Out
(End of Useful Life)

Reliability = Random or Chance Problems
(Constant Unavoidable)

But “True” Root Causes Can Be Disguised by
Statistical Assumptions to Make QRD Easy to Administer

This is an Inaccurate & Misleading Point of View

Quality = Infant Mortality
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- Real failure rate curves are irregular, dynamic and full of valuable information,
not clean smooth curves to simplify the data plots.

A “PoF FAILURE MECHANISM” Based “REALISTIC” View
Reveals the True Interactive Relationships Between Q, R & D
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and Service Errors
That Cause Latent

Problems Throughout Life
“Cause & Effect” Root Causes
Can Be Disguised by Statistics

Once Problems Are Accurately Categorized
You Have a More Effective Point of View

Weak Designs That
Start to Wear Out

Prematurely

TRUE
Random Failures

(in Well Designed &
Built Parts Are Rare
ACTS OF GOD/WAR
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Example of PoF Design for
Reliability Assessment

Objectives

Series 1 - E/E
CIRCUITS & SYSTEMS
ANALYSIS (Sect.34.)

EE Power & Loading
Analysis (Sect. 3.2)-

Wire/Trace Current Loading

Short Circuit Loading
Analysis

Component Power
Dissipation

Physical Systems Evaluations
(Sect. 3.3) -

Electrical Interface
Models

Electromechanical,
Power Electromagnetic &
Electric Machine Analysis

Physical System Performance
Modeling

E/E Performance & Variation
Analysis

Thermal Drift Analysis

E/E Performance & I/O
Sensitivity Modeling

Operating Voltage Range &
Ground Offset Analysis

E/E Parameter Tolerance
Variation Analysis

Voltage Extremes, Abnormal &
Reverse Voltage

Thermal Stress Analysis

Self Heating Simulations
_____ Conduction
_____ Convection
_____ Radiation.

Wire/Circuit Trace
- Thermal Analysis

Mechanical Stress
Analysis

Circuit Board Modal
Vibration Analysis

Structural Load Analysis
- Housing

- Circuit Boards
- Other

Snap Lock Fastener
Performance

Series 3 - STRESS
ANALYSIS (Sect. 5.)

Circuit Board Shock / Drop
Analysis

Component Inertial Vibration
Loading Analysis

Series 2 -
ELECTRO
MAGNETIC

COMPATIBILITY
& SIGNAL

INTEGRITY
ANALYSIS

Input Filter
Performance

Analysis

Conductive
Transients
Endurance

Analysis

RFI /
Antenna
Analysis

ESD
Endurance
Analysis

Voltage
Supply Variation

and Transient
Analysis

EMC
Radiated
Emission
Analysis

Series 4 - DURABILITY
& RELIABILITY

ANALYSIS

Thermal-Mech
Cycling Fatigue

Durability
Analysis

Vibration Fatigue
Durability

Drop Endurance
Simulation

Circuit Board
Excessive Flexure

Analysis

Shock Overstress
Fracture Durability

Analysis

Vibration Fatigue
Durability

- The template combines multiple technical disciplines
into an overall virtual engineering prototyping process.

Columns contains objectives, which require similar
analytical skills & tools of key members of a product team.

- Dotted arrows indicates when one analytical objective
requires results from another.

Reliability
Objectives

Flow
Sequences

Can be
Customized
For Various

Products
and

Applications
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PCB Vibration Analysis Identifies Harmonic Modals & Local Stresses
Which Enables Component by Component Fatigue Life Calculations

1st Harmonic 2nd Harmonic

3rd Harmonic
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Predicting & Confirming Thermal Stress & Thermal-Mech. Reliability
- Detection of the Module’s Durability Weak Link,
- Two Large 1020 Resistors, Located in the High Temperature Zone

Durability Simulations Identifies Most Likely
Parts to Fail Due To Thermo-Mechanical Fatigue

Identified (Large Body 1020-S.M. Resistors)

Thermal Analysis
Identifies Internal
Thermal Stress &

Overstress “Hot Spots”
From Power Dissipation

& Environment.

1020 Resistor Fatigue Confirmed
In Accelerated Life Test

Infrared Thermal Imaging Of Thermal
Stress & Overstress “Hot Spots”

Thermal-Mechanic Durability Modeling to Identify Potential
Intermittent Circuits Due to Themo-Mechanical Fatigue




