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MADe - Failure Diagrams

tured and consistent modelling of physical failures

The Problem: Failure analysis informs design and sustainment decisions that

. will impact on the maintainability, reliability, and safety attributes of a product,
Key b?nef'ts ' reflected in a Failure Mode Effect Analysis (FMEA) or Fault Tree Analysis (FTA).
» Consistency of failure Inconsistent identification, classification or understanding of failure concepts by

concept descriptions an organisation and its supply chain could lead to unidentified or undocumented
engineering risk that will negatively impact on the quality of these decisions.

» Automation of failure . : , , , _
; o The Solution: MADe Failure Diagrams ensure failures are described, displayed and
identification reported consistently and traceably. MADe Failure Diagrams use a graphical interface to
> Traceability of risk represent the physical processes which can lead to an item’s failure (cause, mechanism,
. e fault, symptom) and how these can propagate throughout the system (Automated
identification " Propag ° ,

Dependency Mapping). Improving the quality of failure analysis leads to better decisions on
» Knowledge capture / transfer how to mitigate these potential risks.

— GUI based

Graphical interface for describing physical failures

Key features

v v v
> ComprEhenSive failure Maximum continuous High temperature High mechanical load
use time exceeded (Pump Maotar) (Pump Maotar)
concept taxonomy (Pump Mator)

» Graphical representation of
failure progression

» Auto-generation of Failure
Diagrams based upon
commonly associated failure @

COﬂCthS Fractured (Pump
Motaor)

¢

Creep stress rupture
(Pump Maotor)

Figure 1: Failure Diagram displaying development of failures in a component

Which analyses benefit from Failure Diagrams?

W Failure Concepts 2 LA - =]
Failure Diagrams are used to automate a range of engineering analyses and can Search...
be developed as the design is progressed, and then updated in the sustainment + [ Operation A
phase to reflect operational data (enables automated FRACAS based on v 5 Ambient pressure
taxonomy alignment): M fﬂ'fvh:r:z“:
» FMEA — Identifying the failures and how they progress through the system ¥ Pressure differential
. . . PR . L fl i
» FTA — Performing root cause analysis to find the initiating cause of failure ) oAb uctuations
v Ambient temperature
P Criticality (FMECA) — Establishing which failures should be prioritised ¥ High temperature
’ D . S . ff | ¥ Low temperature
iagnostics — Sensing symptoms of failure V Temperature differential
» Maintenance- Developing maintenance activities for critical failures ¥ Temperature fluctuations
~ [ Contamination
W Chemically reactive contaminant
= = 2 W Corrosive contaminant
What makes up Failure Diagram? ¥ Exposure to acid
Failure Diagrams are made up of five basic concept types that are used in ¥ Gaseous contaminant
. . . T . . . ¥ Lliquid contaminant
combination to describe the initiation and progression of failure - a graphical ¥ Solid particle contaminants
tree of concepts that lead to the item failure: vD Ef‘gi“‘ loading
. . L. X . ver-current
P Causes — Initial conditions precipitating a failure process ¥ Over-voltage
» Mechanisms — Physical process leading to degradation of the item - ; ':a_”dfm”::”“”t electrical loads
. X - . v ectrical prope
P Faults — Physically degraded state of a failed or failing item ¥ Electrical resistance high
P Failure Modes — Inability for an item to function v [ Environmental protection
W Damaaoed surface orotection

> Symptoms — Detectable indication of failure Figure 2: Physical failure modelling utilizing

the Failure Concepts taxonomy

N To arrange for a demonstration, please contact us at
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Failure Diagrams in MADe

Building Failure Diagrams

Failure Concepts Auto-generation Failure Modes 1) A taxonomy of failure
concepts is stored in MADe
¥ FalureConcepts 5. [V 0 © @ T | . . .
E e AUV A AN e 2) Typically associated failure
~ © Gperation i e fere R concepts are linked for
v © arpree D D auto-generation of diagrams
¥ Low pressure * . . .
¥ Prssure diferentl o e 3) Faults resulting in failure
e ucuatons | ) modes link the physical and
v mbient temperature Convert Mechanical - .
¥ High temperatre - e oo s functional models
¥ Low temperature Motor)

Reuse and Edit Items and Failure Diagrams

Palette Library Failure Propagation 1) Generic items with failure
diagrams are in the MADe
5 (7 Electrical [153 «+ [ Systems palette
23 Hydraulic [23 v - Panstary Gearbox  Whesl RR1 A . .
:, [ M};c::nlicc; (721 M Generator (MEP .mSA) R ’ L 2) Users can save items with
I Actuater, Jinear, 1 D + s Altemator Unit failure information in their
‘ : - Control Unit i
I Actuator, linear, 2 . ¢ i own I|brary
I Actuator, linear, 3 s Coupling 3) Drag and drop items into the
I Actuator, linear, 4 > B3 Diesel Engine . , functional model and
N Actuator, rotary, 1 by " Fuel Tank propagate fa“ures

Analytical applications of Failure Diagrams

FMEA/FMECA Fault Tree Analysis
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FMEA/FMECA leverage the functional and physical
model to track failures

PHM - Diagnostics

Fuel Pump

Root cause analysis from failure cause to end-effect in the FTA

Pump Mator
Convert Mechanical - rotational Torque Low (Engine)
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Sensor suites are designed using symptoms and failure
modes as test points

Maintenance actions are ascribed to item failures

j To arrange for a demonstration, please contact us at
0" P H MT h I info@phmtechnology.com
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