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Description of Fault Tree Analysis
• FTA provides qualitative analysis of 

cause-effect relationships for failures. 
• If probabilities are known for lower level 

events, FTA can be used to calculate the 
probability of the top level failure.
(example on next slide)

• Fault trees can be simplified using 
Boolean algebra.
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Example: FTA with Probabilities
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History of Fault Tree Analysis
• FTA was first used by Bell Labs in the 

safety analysis of the Minuteman missile 
launch control system (1962).

• Later adopted and used by Boeing
• FTA has been applied in analyzing 

complex systems to improve reliability and 
safety and to develop diagnostic tools
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Who Should Participate In FTA?
• Recommended membership for the FMEA team:

– Project Manager
– Design Engineer (hardware/software/systems)
– Test Engineer
– Reliability Engineer
– Quality Engineer
– Failure Analysis Engineer
– Field Service Engineer
– Manufacturing/Process Engineer
– Safety Engineer



6© 2010 Prentice-Hall

Preparation for Conducting FTA

Identification of 
System and 
Functions

Identification of 
Failure Modes

Determination of 
Effects of 

Failure Modes

Identification of 
Possible Causes

Documentation 
and Risk 

Reduction

Document 
Theory of 
Operation

FMEA       then FTA
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Updating FTA
• FTA and DFMEA are living documents
• Major changes (like system design 

change) require review and update
• Reliability projections should be refreshed
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Customers for FTA
• Systems engineers
• Subsystem design engineers
• Reliability engineers
• Service and support engineers and 

technicians
• Failure Analysis engineers and technicians
• Safety analysis specialists
• Regulatory specialists
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Assumptions
• Non-repairable system
• Markov process ↔ Exponential 

Reliability Model
– Constant fault rates,  MTBF
– Future state depends only on present state and 

not on history – memoryless
– Each system element is in one of two mutually 

exclusive states – failed or not failed
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Conditional Event
Used with inhibit gate
Sequence-Enforcing Gate
Input events must occur in 
the left-to-right order

Basic Event
The lowest level event. 
The limiting resolution in 
our analysis. 

Inhibit Gate
Input produces output when 
conditional event occurs

Event
Any higher level event 
that is a result of lower 
level events

Exclusive OR Gate
Output event occurs if one, 
but not both of the two input 
events occurs

OR Gate
If any input event occurs, 
the output event will 
occur

Priority AND Gate
Output event occurs if all 
events occur in the right 
order from left to right

AND Gate
If all input events occur, 
the output event will 
occur

Symbols Commonly Used in Fault Trees
Note: This list of symbols is not comprehensive.

Mathematically equivalent to AND Gate
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FTA Terminology
• TOP event – failure or loss at the top of the fault 

tree that is caused by lower level events
• Lower level contributors – Events below the top 

level that contribute to failure or loss at the top
• Basic contributors – As low as we choose to go 

when drilling down for lower level causal events
• Cut set – A set of events which, if they all occur, 

will cause the TOP event
• Minimal cut set – a cut set such that if any item is 

removed from the list, the system will no longer fail
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1. Identify Undesirable TOP event
2. Establish the boundaries of the FTA

3. Construct the fault tree, starting with the 
primary event and working downward

4. Link contributors to TOP using logic gates

5. Identify first level contributors
6. Link second-level contributors to TOP using 

logic gates
7. Identify basic contributors
8. Analyze the fault tree to identify ways of 

eliminating events that lead to failure
9. Prepare a corrective actions and 

contingency plans for preventing and/or 
dealing with failures

10. Implement the plans
11. This is iterative – return to step one

Steps to Perform
Fault Tree Analysis

P.L. Clemens, Fault Tree Analysis, Jacobs-Sverdrup, 4th Ed. February 2002
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FTA – Best Practices
• Defining failure

– Be very specific and consistent in defining 
failure events throughout the fault tree

– Specify what fails and how it fails
Examples:

• Motor fails to start when start signal is input to 
relay 102-a

• Diagnostic test instrument produces negative 
result when positive reference sample is analyzed
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FTA – Best Practices
• Don’t assume “a miracle occurs” that 

compensates for or mitigates a failure
Examples:

• A sudden downpour extinguishes the fire caused by 
knocking over the pot of boiling oil while deep frying a turkey 
on your deck

• The F-18 makes a low approach and is about to hit the 
fantail of the carrier but a gust of wind provides the 
necessary lift to allow a safe landing

• All faults at the input to a gate must be 
statistically independent 

• Faults can appear at multiple points in the tree, 
but not as inputs to the same gate
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FTA – Best Practices

• Don’t connect the output of one gate 
directly to the input of another as it 
obscures what’s happening.

“Phantom” event 
occurs

Event is 
apparent
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FTA – Best Practices
• TOP events must be well defined and 

specific
– Examples:

• Pressure vessel ruptures
• First stage disk in jet engine rotor fractures during 

operation
• Vehicles collide at particular intersection
• Parachute fails to open
• Missile misses target
• Bird flu pandemic occurs
• Medical diagnostic instrument produces false 

positive test result
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A Simple Fault Tree Example
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Example: Using Fault Trees to 
Calculate Probably of Failure

P(TOP) = P(A OR B OR E)
(1)

P(A) = P(C AND D)                    
(2)

P(A) = P(C)P(D)
(3)

P(B) = P(F OR G)
(4)

P(B) = P(F)+P(G)-P(F)P(G)
(5)

P(TOP) = P(A)+P(B)+P(E)
-P(A)P(B)-P(A)P(E)-P(B)P(E)
-P(A)P(B)P(E)

(6)
Substitute (3) and (5) into (6) to 
get expression for P(TOP)
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Team Activity:
Lamp Example

I have a lamp on my desk. The lamp is plugged 
into an outlet controlled by a wall switch. I usually 
leave the lamp switch in the “on” position and turn 
the lamp on or off using the wall switch when I 
enter or leave the room. One evening, I flip the 
wall switch from “off” to “on” and the light doesn’t 
turn on. What are the events that could lead to 
that failure and how does the Fault Tree look ?
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Aspects to Define

• Top event corresponding 
to failure or loss

• What to include in the 
analysis

• First level contributors
• The basic contributors
• How the events combine

to cause failure 
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What to include (or exclude) 
in the analysis…
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Develop The Fault Tree for 
the Lamp

Team Exercise
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Exercise: Fault Tree Analysis
• Objective

– To practice developing and analyzing a Fault Tree
• Instructions

– Break into 4-5 person teams
– Select a system or subsystem your team is familiar with from 

your current project
– Develop a Fault Tree

• Identify 1 or 2 undesirable top level events – these are the failure 
conditions being analyzed

• Construct the fault tree, starting with the primary event and 
working downward

• Establish the boundaries of the FTA – what to include in the 
analysis

• Analyze the fault tree to identify ways of eliminating events that 
lead to failure

– Be prepared to present your results to the class
• Time: 45 minutes
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Optional Exercise – FMEA and FTA 
for Hot Water Heater

FMEA Exercise: Perform a Design Failure Mode &
Effects Analysis on the hot water heater system.

Hot Water Heater schematic
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Optional Exercise – FMEA and FTA 
for Hot Water Heater

FMEA Exercise: Perform a Design Failure Mode &
Effects Analysis on the hot water heater system.

Hierarchical representation of the hot water heater and its subsystems
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Relex FMEA
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Linked to Fault Tree Analysis





32© 2010 Prentice-Hall



33© 2010 Prentice-Hall

A fault tree analysis is generally much faster to perform than a FMEA, but it is much more targeted. A fault tree is 
most effective when an undesired event or top event is what needs to be analyzed, while a FMEA is much 
broader. FMEA terms such as failure mode and end effect can be equated to fault tree terms such as basic event 
and top event. Taking a given FMEA end effect, a fault tree may be created with the top event of the fault tree 
being the same as the FMEA end effect. 

Note: One limitation of FMEAs is that all failures are assumed to be mutually exclusive and not dependent on 
each other. This is in contrast to standard fault trees where certain events may all need to occur to cause the top 
event to occur, i.e. those that are joined using AND gates. 

Relex provides a function in the FMEA module that allows you to automatically create a fault 
tree from the final results of your FMEA. 
Select Project>Build Fault Tree from FMEA main menu option to build a fault tree from your FMEA. Select from 
the list of end effects and mission phases from which to build the fault tree. The selected end effect becomes the 
top event in the fault tree. If the option "Prune branches with no events" is enabled, Relex does not include fault 
tree branches that contain no events.

Relex automatically creates a fault tree with a top event, OR gates, and basic events representing the failure 
modes in the FMEA. 

Once the fault tree has been created, the link with FMEA is complete. From this point forward, any 
changes made to the fault tree do not effect the FMEA. Similarly, changes to the FMEA do not effect the 
fault tree.

© Relex Software Corporation


