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Omnex provides training, consulting and software solutions to the 
international market with offices in the USA, Canada, Mexico, China (PRC), 

Germany, India, the Middle East, and SE Asia. Omnex offers over 400 
standard and customized training courses in business, quality, 

environmental, food safety, laboratory and health & safety management 
systems worldwide.

Email: info@omnex.com

Web: www.omnex.com
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• Understand the concept and purpose of RCA

• Understand the purpose of FTA

• Understand the different symbol used in FTA

• Demonstrate an ability to construction and effectively complete 
the FTA

• Explain the relationship between the FTA and FMEA

Course Objectives
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• Chapter 1 – Introduction of RCA 

• Chapter 2 – Introduction of FTA

• Chapter 3 – Understanding symbols of FTA

• Chapter 4 – Development of FTA
– Breakout Exercise 1: Identify the hazard & Understanding the system.

– Breakout Exercise 2: Create a fault tree. 

– Breakout Exercise 3: Probabilistic Risk Assessment.

– Breakout Exercise 4: Development of Risk Mitigation.

Agenda
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A BRIEF INTRODUCTION TO OMNEX
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• International consulting, training and software development 
organization founded in 1985. 

• Specialties: 
– Integrated management system solutions. 

– Elevating the performance of client organizations.

– Consulting and training services in: 

• Quality Management Systems, e.g., ISO 9001, IATF 16949, AS9100, QOS. 

• Environmental Management Systems, e.g., ISO 14001.

• Health and Safety Management Systems, e.g., ISO 45001. 

• Leader in Lean, Six Sigma and other breakthrough systems 
and performance enhancement.
– Provider of Lean Six Sigma services to Automotive Industry via AIAG 

alliance.

Omnex Introduction
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• Headquartered in Ann Arbor, Michigan with offices in major global 
markets.

• In 1995-97 provided global roll out supplier training and development for 
Ford Motor Company. 

• Trained more than 100,000 individuals in over 30 countries.

• Workforce of over 400 professionals, speaking over a dozen languages.

• Former Delegation Leader of the International Automotive Task Force 
(IATF) responsible for ISO/TS 16949.

• Served on committees that wrote QOS, ISO 9001, QS-9000, 
ISO/TS 16949 and its Semiconductor Supplement, and ISO IWA 1 
(ISO 9000 for healthcare).

• Member of AIAG manual writing committees for FMEA, SPC, MSA, Sub-tier 
Supplier Development, Error Proofing, and Effective Problem Solving (EPS).

About Omnex
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Omnex is headquartered 
and operates from the 
United States through 

offices in Michigan. 

The company maintains 
international operations in 
many countries to provide 
comprehensive services to 
clients throughout Western 

Europe, Latin America 
and the Pacific Rim.

www.omnex.com

info@omnex.com

Omnex Global Head Quarters (Michigan, USA)
West Coast Operations (San Jose, CA)

Asia Pacific HQ (Chennai, Pune, Delhi, Bangalore)

China (Shanghai, Guangzhou, Wuhan, Chengdu)

Canada (Mississauga)

Europe (Berlin, Germany)

Middle East (Dubai, Saudi Arabia, Bahrain)

Thailand (Bangkok)

Mexico (Monterrey)

Singapore

Malaysia (Kuala Lumpur)
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Rules of the Classroom

 Start and end on time

 Return from breaks and lunch on time

 All questions welcome

 Your input is valuable and is encouraged 

 Don’t interrupt others

 One meeting at a time

 Listen – and respect others’ ideas

 No “buts” – keep an open mind

 Cell phones & pagers off or silent mode

 No e-mails, texting or tweeting during class

 If you must take a phone call or answer a text please leave the 
room for as short a period as possible  

Copyright 2017 Omnex, Inc. All Rights Reserved. 10



WWW.OMNEX.COM

• Instructor Information:
– Name

– Background

• Student Introductions:
– Name

– Position / Responsibilities

– What is your involvement in Root Cause Analysis using FTA?

– What are your experiences with respect to FTA?

– Please share something unique and/or interesting about yourself.

Icebreaker

Copyright 2017 Omnex, Inc. All Rights Reserved. 11



Chapter 1

Introduction of Root Cause Analysis



WWW.OMNEX.COM

What is a Root Cause?
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 Root cause is the underlying or deep or fundamental reason for 
the occurrence of the problem.

 Root cause is defined as a factor which caused the non 
conformance and should be eliminated through process 
improvement.

 Root cause is the deepest cause in the casual chain that leads to 
a problem or outcome.
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What is Root Cause Analysis?
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 Root Cause Analysis is a systematic process for defining , 
understanding , analysing , identifying root causes and an 
approach for solving the problem.

 Root Cause Analysis is defined as a collective term that 
describes a wide range of approaches, tools, to identify the real 
causes of non conformance or the problem.



WWW.OMNEX.COM

• Events and causal factor analysis
Widely used for major, single-event problems, such as a refinery explosion, this process 
uses evidence gathered quickly and methodically to establish a timeline for the activities 
leading up to the accident. 

• Change analysis
This approach is applicable to situations where a system’s performance has shifted 
significantly. It explores changes made in people, equipment, information, and more that 
may have contributed to the change in performance.

• Barrier analysis
This technique focuses on what controls are in place in the process to either prevent or 
detect a problem, and which might have failed.

• Management oversight and risk tree analysis
One aspect of this approach is the use of a tree diagram to look at what occurred and 
why it might have occurred.

Approaches to Root Cause Analysis

15Copyright 2017 Omnex, Inc. All Rights Reserved. 



WWW.OMNEX.COM

Steps to conduct RCA?
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Formation 
of Team

Define the 
Problem

Data 
collection

Identify the 
Possible 

cause 
(Causal 

Analysis)

Identify the 
Root cause

Identify the 
solution 

and 
implement 
the solution

Use of Why-Why 
Analysis in 

conjunction of 
FTA
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What is Problem?
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 Problem is a situation preventing something from being 
achieved

 Problem is derived from the Greek Word meaning “obstacle”

 Problem is the difference between the
planned result and what is achieved 
actually (if the target is not achieved)

 Problem is an opportunity for 
improvement

 Problem is the gap between the 
current state and the goal state
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• Data collection is the process of gathering and measuring 
information on variable of interest, in an established 
systematic fashion that enables one to answer stated 
questions.

• Regardless of the filed of study or preference for defining data 
(quantitative, qualitative) accurate data collection is essential 
to maintaining the integrity of study.

• The primary rational for preserving the data integrity is to 
support the detection of error in the data collection process.

Data Collection
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– Check sheet

– Histogram

– Pareto Diagram

– Run chart

– Scatter Diagram

Some of the tools for data collection
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Generate the Possible Cause
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Identify the Possible Cause
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Analyse the Possible Cause
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Confirm the Cause
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Confirm the Cause
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• Conduct Root cause analysis by using Why-Why Analysis.

• FTA depicts the risk-based path to a root cause or Base-level 
event.

• When investigating a failure, the chain of events depicted by 
FTA allows the problem solver to see the events leading to a 
root cause(s) or Base-level event.

• Mainly used in Investigation of a safety or regulatory concern.

• Used in Reliability Engineering.

Root Cause Analysis
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Identify the Solution
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Implement the Solution
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Verify the Solution
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What is Problem Solving?
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 Problem solving is the act of defining a problem; determining 
the cause of the problem, identifying, prioritizing and selecting 
alternatives for a solution and implementing a solution.

 Problem solving is a process of working through details of a 
problem to reach a solution.

 Problem solving may include mathematical or systematic 
operations and can be a gauge of an individual critical thinking 
skills.
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Where it is used? 
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Root Cause Analysis is used in the problem solving process to find 
out the root causes of the problem, identifying, prioritizing and 
selecting alternatives for a solution and implementing the 
solution.
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 New Product Development.

 Serial Production.

 Post Production.

 Any Undesired events.

Scope of problem solving? 
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Introduction of Fault Tree Analysis
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Introduction of Fault Tree Analysis 
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• Fault tree Analysis was originally developed in 1962 at
Bell laboratories by H.A. Watson

• Fault tree Analysis is one of the most important logic and 
probabilistic techniques used in Probabilistic Risk 
Assessment (PRA) and system reliability assessment

• FTA attempts to model and analyse failure processes of 
engineering systems .It can be simply described as a 
analytical technique

• FTA is a top down deductive analysis approach for 
resolving an undesired event into its causes
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What is Fault Tree Analysis 
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• FTA maps the relationship between the faults, subsystems 
and redundant safety design elements by creating a logic 
diagram

• Logic diagrams and Boolean algebra are used to identify 
the cause of the top event

• Fault tree is  the logical model of the relationship of  the 
undesired event to more basic events

• The top event of the fault tree is the undesired event
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What is Fault Tree Analysis 

35Copyright 2017 Omnex, Inc. All Rights Reserved. 

• The middle events are the intermediate events and basic 
events are at the bottom

• The logic relationship of events are shown by logic symbols 
or gates

• Probability of occurrence values are assigned to the lowest 
events in the tree in order to obtain the probability of the 
occurrence of the top event
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• FTA depicts the risk based path to a root cause or base level 
event.

• The identified risk drive actions which are intended to 
mitigate the risk prior to program launch.

• Alternatively when investigating a failure, the chain of events 
depicted by FTA allows the problem solver to see the events 
leading to a root cause(S) or base level event. 

Why to perform the FTA?
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• Engineers are asked to anticipate the failures in advance of a 
product development.

• Potential failures must be identified early in the product 
development cycle to successful mitigate the risk.

• This failure prevention activity is intended to protect the 
customer from an unacceptable experience.

• There are many tools used to identify potential failure and 
their cause.

• One of these tools is Fault Tree Analysis.

When to use FTA?
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When to use FTA?
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Stages of Problem solving
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What is the timeline of FTA
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Example for FTA Application
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Starting point of FTA? 
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• Fault Tree is the logic model of the relationship of the 
undesired event to more basic events

• The top event of the fault tree is the undesired event

• The middle events are the intermediate events and the basic 
events are at the bottom

• The logic relationship of events are shown by logic symbols or 
gates
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Example of FTA
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Fault Tree Analysis Format – Example 1 

44Copyright 2017 Omnex, Inc. All Rights Reserved. 



WWW.OMNEX.COM

Fault Tree Analysis – Audit Failure Example 3
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FTA Deductive approach
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FTA strength
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FTA Pitfalls
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FTA Building Block
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Basic Fault Tree symbol
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Basic Events (BEs)
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Event symbol Example
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Gate Events (GEs)
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Gate Symbol
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Condition Events (CEs)
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Transfer Event (TE)
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OR GATE
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OR GATE
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AND GATE
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AND GATE
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Exclusive OR GATE
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Priority AND GATE
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Inhibit GATE
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Transfer Symbol
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Transfer Example
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Three Methods of transfer 
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Three Methods of transfer 
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Three Methods of transfer 
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Failure/Fault
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Failure/Fault Examples
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Independent/Dependent Failure

72Copyright 2017 Omnex, Inc. All Rights Reserved. 



WWW.OMNEX.COM

Primary Failure
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Secondary Failure
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Undeveloped Failure
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Command Failure
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System Complexity System
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MOE/MOB Example
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Alternate Gate Symbol
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M/N Gate Example

80Copyright 2017 Omnex, Inc. All Rights Reserved. 



WWW.OMNEX.COM

FTA Terms/Definitions
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Steps to conduct FTA?

83Copyright 2017 Omnex, Inc. All Rights Reserved. 

Step 1
• Define the undesired event to study

Step 2
• Obtain an understanding of the system

Step 3
• Construct the fault tree

Step 4
• Evaluate the fault tree

Step 5
• Control the hazards(undesired Event) identified
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STEP 1

84

Define the undesired event to study
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Identify the Undesired Event or Hazard

85Copyright 2017 Omnex, Inc. All Rights Reserved. 

Knowing the consequence of the failure is useful in defining the Top-
level event of the Fault Tree. The Top-level event, or Hazard, should 
be defined as precisely as possible:

How much?

How long (duration)?

What is the safety impact?

What is the environmental impact?

What is the regulatory impact?
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Define the top Undesired Event
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Example of To UE’s
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STEP 2

Obtain an understanding of the system

88
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Define the system
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Obtain understanding of system being analysed? 

90Copyright 2017 Omnex, Inc. All Rights Reserved. 

Create or acquire appropriate support information:

• List of components (Bill of Material)

• Boundary Diagram

• Schematic

• Code Requirements

• Engineering Noises and Environments

• Examples of similar products or failures
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Obtain understanding of system being analysed? 
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• List the potential causes of the hazard to the next level. This is 

similar to the Why-Why analysis process, except development of 

a Fault Tree should be focused on a single level before progressing 

to the next.

• Include system design engineers, who have full knowledge of the 

system and its functions, in the higher levels of the Fault Tree 

Analysis. This knowledge is very important for cause selection.
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Obtain understanding of system being analysed? 
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• Include Reliability Engineers who can assist in developing the 

relationships of causes to a failure or fault.

• Estimate probability of the causes at the Base-level event

• Label all causes with codes (optional)

• Prioritize or sequence causes in the order of occurrence or 

probability
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Establish the Boundary

93Copyright 2017 Omnex, Inc. All Rights Reserved. 



Breakout Exercise 1

Identify the Hazard (Undesired Event) & 

Understanding the system 
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Pressure tank system
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• Damping force low.

• AC not cooling.

• Axle welding crack.

• Unintended deployment of air bag.

• Seat belt failure.

• Failure of Electrical control Unit.

Some other systems for Breakout exercise
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STEP 3

Construct a Fault Tree

97
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Develop the FTA
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FTA Construction process
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Construction Process - Overview
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FTA construction
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Four basic approach of FTA

102Copyright 2017 Omnex, Inc. All Rights Reserved. 



WWW.OMNEX.COM

Component Approach
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Subsystem Approach
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Scenario Approach
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Functional Approach
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Functional Approach
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Serial Example
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Serial – Parallel Example
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FTA construction methodology
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Step 1
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Step 1
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Step 2
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Step 2
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Step 3
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Step3 (Cont.)
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Step3 (Cont.)
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P-S-C relationship with FTA
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P-S-C Example
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Isolate and Analyse
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Example of common path
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Construction Example
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Construction Example (Cont..)
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Construction Example (Cont..)
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Construction Example (Cont..)
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Construction Example (Cont..)
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FTA Process – Functional Approach
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FTA Process - Unstructured
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FTA CONSTRUCTION RULES

129
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules

134Copyright 2017 Omnex, Inc. All Rights Reserved. 



WWW.OMNEX.COM

FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules

157Copyright 2017 Omnex, Inc. All Rights Reserved. 



WWW.OMNEX.COM

FTA Construction Rules
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FTA Construction Rules
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FTA Construction Rules
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FTA EXAMPLE
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FTA Example
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FTA Example
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FTA Example
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FTA Example

165Copyright 2017 Omnex, Inc. All Rights Reserved. 



Breakout Exercise 2

Create a the Fault Tree
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Pressure tank system
(Undesired Event - Tank Rupture)
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The system shown in the figure discharges gas from a reservoir in to a pressure tank. 
The switch is normally closed and the pumping cycle is initiated by a operator who 
manually reset the timer. The timer contact closes and pumping starts. Well before 
any over pressure condition exists the timer times out and the timer contacts open. 
Current to the pump cuts off and pumping ceases. (to prevent tank rupture due to 
over pressure).

If the timer contact does not open, the operator is instructed to observe the pressure 
gauge and to open the manual switch, thus causing the pump to stop. Even if the 
timer and operator both fail, the overpressure can be relieved by relief valve. After 
each cycle, the compressed gas is discharged by opening the valve and then closing it 
before the next cycle begins.

At the end of the operating cycle, the operator is instructed to verify the operability of 
pressure gauge by observing the decreasing in the tank pressure as the discharged 
valve is opened.  To simplify the analysis, we assume that the tank is depressurized 
before the cycle begin. The pressure gauge may fail during the new cycle even if its 
operability was correctly checked by operator at the end of last cycle. The gauge can 
fail before a new cycle if the operator commits an inspection error. 

Breakout Exercise 2: Develop a Fault Tree
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Instructions

– Create the Fault Tree analysis for the identified hazard (Tank Rupture).

– Damping force low (In suspension system)

– AC not cooling. 

– Axle welding crack. (Chassis system) 

– Unintended deployment of air bag. 

– Seat belt failure.

– Failure of Electrical control Unit. 

– Use the flip chart for the exercise.

– Be prepared to present your team’s to the class; rotate the team 
spokesperson.

Breakout Exercise 2:  Create the Fault Tree 
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60 Minutes
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STEP 4

Evaluate the Fault Tree

170
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Evaluate Fault Tree
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• The aim of fault tree quantification is to find out the 
probability of the top event to occur when the probability of 
the basic events occurrence are known.

• The basic events may be independent or dependent. The 
assumptions of independency make the mathematics simpler. 
Dependent basic events are the result of common cause 
failures.

• The two mostly used methods of quantification are –

1) Gate-by-Gate Method.

2) Cut sets Method.

Fault Tree Quantification
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Gate by Gate Method
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Gate by Gate Method
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Gate by Gate Method



Breakout Exercise 3 (a)

Probabilistic Risk Assessment

Gate by Gate Method
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• Primary tank failure =

• Primary contact failure=2x

• Primary timer failure=4x

• Primary switch failure=2x

• Primary operator failure=3x

• Primary alarm failure=3x

• Automatic valve malfunctioning=

Probability of basic events failure
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• Gate by Gate method is applicable to small fault tree, we require to use 
computer programme using an efficient algorithm. Cut set method is used 
for this purpose.

• A set containing {B1, B2,…….Bn}, the collection of the all basic events of a 
fault tree, is termed as basic event.

• For the top event to occur it may not require all the events in the basic set 
to occur.

• A Cut set is a sub set of the basic set such that if all the basic events in the 
cut set occur, the top event will occur. So, the basic set is definitely a cut 
set.

Cut Set Method
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Identify the cut sets 
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• Risk is estimated for each event
• When available, the failure rate data can be used to calculate the risk of a 

single chain or the many chains.
• If there is no data, an estimate is established based on subjective 

guidelines similar to those used in FMEA development

• The Cut Sets with risk greater than the system can tolerate (i.e. safety or 
inoperative conditions) are selected for mitigation.

• Actions are required for Critical (red) and High Risks (orange)
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Cut set terms
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Cut set
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The value of cut set

182Copyright 2017 Omnex, Inc. All Rights Reserved. 



WWW.OMNEX.COM

• MOCUS uses two principles.

- Principle 1: An ‘AND’ gate increases the number of basic events 
in a cut set.

- Principle 2: An ‘OR’ gate increases the number of cut set.

• The step by step procedure of MOCUS algorithm is given below.

- Step 1 : Alphabetized each gate and number each basic events.

- Step 2 : Consider the upper most gate first. Identify all the input 
to this gate.

MOCUS Algorithm
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Cut sets
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Min CS
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Min CS - Example
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Min CS
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Min CS
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Probabilistic Risk Assessment

Cut Set Method
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STEP 5

Control the Undesired Event (Hazard)

190
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Mitigate the risk
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Risk Mitigation can take many forms. A popular method is to use the 
criticality method. 
Other techniques require a level of mitigation calculated to Defects 
per Million Opportunities (DPMO). 

Safety systems may require resulting risk to be mitigated to:
Error Proofing (cannot Occur)
1 in 10 million (1 X 10 to the minus 7)

Action logs and revision records are kept for follow-up and closure of 
each undesirable risk. 
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Mitigate the risk
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Any risk not mitigated to an acceptable level is a candidate 
for Mistake Proofing or Quality Control, which protects the consumer 
from the risk
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Examples of mitigation strategies
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When a risk is unacceptable the team may have several options 

available. The following are a few examples of the options available:

Design change
Selection of a component with a higher reliability to replace the 

Base-level event component
This is often expensive unless identified early in Product 
Development
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Examples of mitigation strategies
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Physical Redundancy of the Component

This option places the redundant component in parallel to the other. 

Both must fail simultaneously for the hazard to be experienced. If a 

safety issue exists, this option may require non-identical components

Software Redundancy

The addition of a sensing circuit, which can change the state of 

the product, often reduces the severity of the event by 

protecting components through duty cycle changes and reducing 

input stresses when identified.
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Examples of mitigation strategies
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Warning System

The circuit may just warn of an event. This requires action by an 

operator or analyst. It is important to note that if this course of 

action is taken, Human Factors Reliability must also enter the 

evaluation.

Quality Control

This may include removal of the potential failure through testing 

or inspection. The inspection effectiveness must match the level 

of severity that the hazard may impose on the consumer.



Breakout Exercise 4

Development of Risk Mitigation
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Handouts

• Develop a Risk mitigation of Previous exercise.

Instructions

– Develop the mitigation for the risk

– Use the flip chart for the exercise

– Be prepared to present your team’s to the class; rotate the team 
spokesperson.

Breakout Exercise 4:  Development of risk 
mitigation
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60 Minutes
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FTA VS FMEA

198
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Fault Tree Analysis VS FMEA 
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Fault Tree Analysis VS FMEA 
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• FTA is the “Top-Down” technique 
that is concerned with the 
identification and analysis of 
conditions that lead to the 
occurrence of a defined effect in 
contrast with the FMEA 

• It is a EFFECT => CAUSE model

• FMEA is a “Bottom-up” technique 
which examines the failure mode of  
the components within the system 
and traces towards the potential 
effects of each component failure 
mode on system performance 

• It is a CAUSE => EFFECT model

FTA FMEA 
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Fault Tree Analysis VS FMEA 
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• Consider using FTA rather than 
FMEA when you are particularly 
concerned about one or just a few 
system conditions that pose a 
unacceptable consequences

• FTA is very good at showing how 
robust a system will be to one or 
more initiating faults and  for 
systems with high  levels of 
redundancy /diversity for those with       
majority voting logic

• FMEA will be more appropriate than 
FTA when you suspect that large 
number of distinct system 
conditions with a range of 
unacceptable consequences 

• FMEA is more suited to analysing 
systems that contain little or no 
redundancy and does not examine 
the effects of multiple failures at 
system level

FTA FMEA
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Fault Tree Analysis VS FMEA 
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• FTA will identify combinations of 
conditions and component failures 
which will lead to single defined 
adverse effect

• FMEA on the other hand considers 
all single component failures in turn 
and identifies the range of their 
effects of the system

FTA FMEA
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FTA SUMMARY
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FTA Summary
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FTA Summary
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info@omnex.com
734.761.4940

Questions?

Thank You!
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