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Introductions

U Dr Bill Wessels PE CRE, Consulting Reliability Engineer
AMechanical Engineer
A40-years experience (1975present)

U You
AEmployer
ACurrent Field:
AEngineering Discipline
AExperience in Years
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Test Question

A. | can vote for an answer
B. Not an answer

Response
Counter Answer Now
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Employer

A. Government
B. Government Contractor
C. Private Sector

Answer Now
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Current Field

Design/Prototype Test

Systems Engineering & Integration
DevelopmentOperationalTest

C. Sustainability for Fielded Systems
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Engineering Discipline (BS Degree)

Mechanical
Electrical
. Civil
. Chemical
Systems
Industrial
. Computer
. Software Answer Now
Physics
Chemistry 6
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Experience (in years since BS)

A.0c4
B.4¢8
C.8¢1?
D. Over 12

Answer Now 0% 0% 0% 0%
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Goal Daniel Sillivant
U Pass the exam

The Certified Reliability Engineer Exam

U Duration: 5hrs
U Number of Questions: 150 {that is 120sec / question
U Multiple choice with 4 alternatives

U Coverage: The body of knowledge as described in the Certified
Reliability Engineer Primer

UOpenBoolcL yOf dzZRS&a G(GKS Wt NAYSNX gGA(F
these notes, RAC Reliablility Toolbox

U Bring pencils, scratch paper, calculator
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Class dates: 17 Jan thru 4 Apr 2017. Meets Tuesday nights from 5:00 to 8:00 PM at Calhoun Community College (Hymtsyille Cam
POC: JENNIFER GEIGER, (25@58d6 Emailiennifer.geiger@calhoun.ediMay attend in person or online

Instructor/Facilitator: Jim Bartlett, ASQ CRE; Work phone: (2569@23, Cell phone: (256) 34167
Email;jbart2718@qgmail.conor james.k.bartlett.civ@mail.mil

Cost: $595 Includes CRE Primer and exam practice CD. DEADLINE TO REGISTER: December 20, 2016.
Additional study material will be provided in class. Also, optional references will be suggested to cover specific topics.

Course Summary:

Introduction and Reliability Management (2 weeBanuary 17 & 24)
Probability and Statistics (3 weeBanuary 31, February 7 & 14)
Reliability in Design (2 week&bruary 21 & 28)

Modeling & Prediction (1.5 weeldarch 7 & 14)

Reliability Testing (1.5 weekéarch 14 and 21)

Maintainability & Availability (1 weekiarch 28)

Data Collection (1 weekpril 4)

ONONONONONONG®

Exams: Severalopgn2 21 -KiZi¥§&ES SElI Ya gAft 068 FaaAaA3aySRo ¢t KSe& R2 ypai prép@&atinnsifor the ASQNRE examO
Grades: Pass/fail, based solely on attendance.

Attendance: Must attend (either in person or over the phone) 70% of the 12 classes, or no fewer than 9 of 12 classes to pass thgociassed to miss a class, please
notify instructor in advance if possible.

Dr Bill Wessels PE CRE CRE Exam Prearation 9


mailto:jennifer.geiger@calhoun.edu
mailto:jbart2718@gmail.com
mailto:james.k.bartlett.civ@mail.mil

Reliability Engineering Body of Knowledge

U Reliability Management {19 questions
U Probability and Statistics for Reliability {25 questions
U Reliability in Design and Development {25 questions
U Reliability Modeling and Predictions {25 questions
U Reliablility Testing {23 guestions
U Maintainablility and Availability {17 questions
U Data Collection and Use {18 questions

U Sum P77 172 guestions
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Reliability Management

Strategic Management
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Strategic Management

U Demonstrate how reliability engineering improves programs, processes, products
and services

U Define and describe quality and reliability and how they relate to each other

U Demonstrate how reliability engineers interact with marketing, safety, product
liability, engineering, manufacturing and logistics (analysis methods%

U Explain how reliability integrates with other development activities (program
Interactions)

U Explain reliability engineering role in determination of failure consequences and
liability management (warrantee)

US5SUSNIXYAYS AYLI OO0 2F Tl AfdzZNBa 2yycla SN

U Describe how reliability engineering provides feedback to determine customer
needs and specify product and service reguirements

U glt:etgpret basic project management tools and todkannt PERT, Critical Path,
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Strategic Management

U Examples of reliability program benefits include:

A.al OKAY 3 LINRPRdAzOU RSaA3day gAGK O
B. Applying predictive and preventive maintenance

C. Optimize burnin time

D. All of the above
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Examples of reliability program benefits include:

A. I\/Iatchlng product design o
GAUK Odzali2YSNXa | LI AOI GA2Z2Y

B. Applying predictive and
preventive maintenance

C. Optimize burnin time

D. All of the above 0% 0% 0% 0%
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Examples of reliability program benefits include:

A.al OKAY 3 LINRPRdJzOO RSaAdy gA0K O
B. Applying predictive and preventive maintenance
C. Optimize burain time

D. All ofthe above

Key word(s); reliability program benefits

Index lists page-B
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Il. RELIABILITY MANAGEMENT
A. STRATEGIC MANAGEMENT
1. BENEFITS OF RELIABILITY ENGINEERING

Benefits of Reliability Engineering

Our quality of life depends greatly upon the benefits realized through reliability
managementand engineering efforts. Each time one turns on a light switch or turns
the key in a vehicle’s ignition, or boards an airplane our expectations of reliable
performance are met and, in turn, grow.

The benefits of effectively managed reliability programs are evident in long term
customer and supplier relationships. Firms must strive to offer a superior value to
their customers, if they expect to prosper. By understanding and meeting the
customer’s expectations for long-term, consistent product performance, a firm can
achieve a competitive advantage in the marketplace.

Once achieved, a competitive/comparative advantage in the marketplace cannot be
taken for granted. Firms must recognize that the level of performance that the
customer expects from their product and service offerings will increase over time.
Performance that once exceeded the customer’s requirements and delighted them,
may soon fall short of their expectations. Firms that differentiate themselves from
the competition by quantifying reliability performance objectives and cultivating the
perception of “high reliability” in their products and services can in turn demand a
premium price for their wares.

Advantages and benefits of reliability engineering management may be recognized
in many ways. Savings associated with various manufacturing, distribution and
quality related processes may be identified and maximized through reliability
programs. The impact of product performance in safety critical applications can
also be quantified and engineered. Examples of reliability program benefits include:

» Matching the capabilities of product designs with the customer’s application
environment and performance expectations, thereby optimizing the cost to
performance ratio of the product without “over-engineering.”

« Avoiding wasted time due to unanticipated failures in products or services
through reliability and availability management concepts.

« Applying predictive and preventative maintenance programs that can impact
manufacturing expenses by reducing downtime, thereby increasing
throughput.

+ Optimizing product run-in or burn-in times and conditions may be achieved,
thereby reducing inventory carrying costs, tooling costs, and energy
requirements.

CRE 2002 -3 © QUALITY COUNCIL OF INDIANA
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Reliability Management

Reliability Program Management

Dr Bill Wessels PE CRE



Reliability Program Management

U Terminology reliability definitions

U Element of a reliability program

A Designfor-Reliability
AFRACAS

U Product lifecycle costs
ALife-cycle stages with relationship to reliability
AMaintenance costs
ALife expectation
ADuty cycle

U Design evaluation
U Requirements management
U Reliability training programs
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Reliability Program Management

U The usefulness of FMEA as a design tool is largely dependent on the
of the communication within the design process:

A. Existence

B. Quantity

C. Effectiveness
D. Frequency
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The usefulness of FMEA as a design tool is largely dependent on the
of the communication within the design process:

A. Existence

B. Quantity

C. Effectiveness
D. Frequency

0% 0% 0% 0%
Arsierow s
Counter & S & &
Q}\é@ o\.\”bo ’@Q}\ &&e

Dr Bill Wessels PE CRE CRE Exam Prearation 20




The usefulness of FMEA as a design tool is largely dependent on the
of the communication within the design process:

A. EXxistence

B. Quantity

C. Effectiveness
D. Frequency

Key word(s)FMEA, communication, design process

Index lists pagd-11
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Il. RELIABILITY MANAGEMENT
A. STRATEGIC MANAGEMENT
4. RELIABILITY IN DEVELOPMENT

Product and Process Development (Continued)

Life Cycle Cost Analysis

The design should be optimized with respect to life cycle costs. Production
engineering analysis is an integral part of the system engineering process. It
includes producibility analyses, production engineering inputs to trade-off studies
and life cycle costs. Critical or special producibility requirements are identified as
early as possible and are considered in the program risk analysis. Long lead time
items, material limitations, transition from development to production, special
processes, and manufacturing constraints are considered and documented during
the system engineering process. The system engineering process also generates
system and item configuration specifications.

The system engineering process includes considerations of production, cost,
requirements, and logistics, which required reliability analysis. This process, when
followed, produces designs that are cost effective, producible, maintainable, and
reliable. Concepts called concurrent engineering build on this process.

Management Uses of FMEAs

FMEA has been used for a number of years as a design tool to improve designs.
FMEA was originally defined in MIL-STD-1629 (1980)* and has been further refined
and strengthened in the QS-9000 (1998)* series Potential Failure Mode and Effects
Analysis, (AIAG, 1995)° (Chrysler Corporation, Ford Motor Company, and General
Motors Corporation, February, 1995). However, the FMEA process has been of
variable success. This is more due to improper application rather than being a poor
process.

The usefulness of FMEA as a design tool is largely dependent on the effectiveness
of the communication within the design process. FMEA frequently was considered
atask of the reliability group and not the design group. Therefore, designers tended
to ignore the process and thus not supply the necessary information. This is still the
chief problem with FMEAs.

To be effective, FMEAs should be initiated as an integral part of the early design
process of system functional assemblies and updated to reflect design changes. A
current FMEA should be a major consideration at each design review from
preliminary to the final review. In this way, the FMEA can be used to make program
decisions regarding the feasibility and adequacy of a design approach.

CRE 2002 In-11 © QUALITY COUNCIL OF INDIANA
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Reliability Management
Product Safety and Liability

Dr Bill Wessels PE CRE



Product Safety and Liability

U Role of reliability engineering
U Ethical issues

U System safety program

ARisk assessment tools
o FMECA
0 PRAT
o FTA
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Product Safety and Liability

U Reliability engineering applied failure conseguences analysis to
address:

A. Product failure expectation
B. Personal injury concerns

C. Training reguirements

D. Product testing requirements
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Reliability engineering applied failure consequences analysis to
address:

A. Product failure expectation
B. Personal injury concerns

C. Training requirements

D. Product testing requirements
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Product Safety and Liability

U Reliability engineering applied failure conseguences analysis to
address:

A. Product failure expectation
B. Personal injury concerns

C. Training reguirements

D. Product testing requirements

Key word(s)Product safety, consequences

Index lists pag#-17
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Il. RELIABILITY MANAGEMENT
A. STRATEGIC MANAGEMENT
5. FAILURE CONSEQUENCE/LIABILITY MGMT

Personal Injury Concerns
One area of concern is that products can impact human health and safety. Design
errors can lead to large personal injury claims. Strategies for dealing with this type
of liability include:

» Paying attention to reliability and quality in product development and testing

» Establishing mechanisms forimmediately notifying customers of any hazards,
such as safety recalls and replacement upgrades

« Selecting a product liability insurance policy that includes provisions for
defense of any lawsuit and for payments of settlements or judgments

» Allocating the risk of personal injury claims or liability with a customer, in
exchange for price concessions

 Including legal counsel in contract negotiations to be sure the company has
adequate protection

Financial Harm to a Business

Potential liability can accrue from a product’s design and function. Strategies for
dealing with this type of liability include:

» Paying attention to reliability and quality in product development and testing
* Releasing products that are well tested and meet requirements

» Arranging a quick replacement of defective units, when a critical problem is
found

» Negotiating end-user agreements that have a limitation on all damages, and
that disclaim liability for consequential damages

» Considering productliability insurance coverage for this type of business loss

Additional discussion of risk management and assessment may be found later in
this Section in the System Safety Program element.
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Probability and Statistics for Reliability

Basic Concepts
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Basic Concepts

U Terminologyg statistical U Discrete and continuous
definitions distributions
U Basic probability concepts ABinomial

Alndependence APoisson (homogeneous & non

AMutually exclusive Agimfr?:rn?aﬁ )
AComplementary AlLo IDnormal
AConditional AWegibuII

AJoint occurrence ANormal

AExpected value ABathtub curve

U Statistical Process Control
ATerminology SPC definitions
ARelationship taeliability
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Reliability Terminology
i¢cl ofS 2F O2yiSyidia YR AYRSE KI @

U Primer provides a muHlpage table that includes all of the terms and
definitions
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