Mechanical Failure Mode Taxonomy
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Creep Occurs when the plastic deformation in a machine member accrues over
(Plastic a period of time under the influence of stress and temperature. The
. Creep . . . . -
deformation) accumulated dimensional changes eventually interfere with the ability
of the machine part to satisfactorily perform its intended function
A delayed result of creep whereby an unstable combination of the
Creep buckling loading and geometry of a machine part exceed the critical buckling

limit.

Stress rupture

Rupture into two pieces as a result of stress, time, and temperature. The
steady-state creep growth period is often short or nonexistent.

Thermal/stress relaxation

The relaxation of a prestrained or prestressed member due to the
dimensional changes resulting from the creep process.

Ductile deformation
(Ductile material)

Brinelling

A static force induced permanent surface discontinuity of significant
size occurring between two curved surfaces in contact as a result of
local yielding of one or both mating members.

Force induced elastic
deformation

Occurs when the imposed operational loads or temperatures in a
machine member result in elastic (recoverable) deformation such that
the machine can no longer satisfactorily perform its intended function.

Yielding

Occurs when the imposed operational loads or motions in a ductile
machine member result in plastic (unrecoverable) deformation such that
the machine can no longer satisfactorily perform its intended function.

Fatigue
(Fluctuating loads or
deformation)

High cycle fatigue

The sudden separation of a machine part into two or more pieces
occurring when loads or deformations are of such magnitude that more
than 10,000 cycles are required to produce failure.

Impact fatigue

Failure of a machine member by the nucleation and propagation of a
fatigue crack that occurs as a result of repetitive impact loading.

Low cycle fatigue

The sudden separation of a machine part into two or more pieces
occurring when loads or deformations are of such magnitude that less
than 10,000 cycles are required to produce failure.

Surface fatigue

Pitting, cracking, and spalling of contacting surfaces (often rolling
surfaces) that occur as a result of cyclic contact stresses and cyclic shear
stresses below the contacting surface. The cyclic subsurface shear
stresses generate cracks that propagate to the contacting surface and
dislodge particles to produce surface pitting.

Thermal fatigue

Occurs when fluctuating temperature fields in the machine part cause
load or strain cycling to the point of failure of the machine part.

Fretting

(Small amplitude
fluctuating loads or
deformations at
joints not intended
to move)

Fretting corrosion

Surface degradation of the material from which the part is made that
occurs as a result of fretting action.

Fretting fatigue

The premature fatigue fracture of a machine part that occurs as a result
of conditions that simultaneously produce fretting action and fluctuating
loads or strains.

Fretting wear

The presence of fretting action causes a change in the dimensions of
mating parts. The changes in dimensions become large enough to
interfere with proper design function or large enough to produce
geometrical stress concentrations of such magnitude that failure ensues
as a result of excessive local stress levels.

Galling & Seizure
(Sliding surfaces)

Massive surface destruction by welding and tearing, plowing, gouging,
significant plastic deformation of surface asperities, and metal transfer
between the two surfaces. Occurs when two sliding surfaces are

Galling subjected to such a combination of loads, sliding velocities,
temperatures, environments, and lubricants that significant impairment
to intended sliding surfaces results.

Seizure An extension of the galling process that occurs when the two parts are

become welded together so that relative motion is no longer possible.
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Bucklin, . . . .

. £ . An increased deflection of a member after a slight change in load as a
(High and/or point . . . - .2

. Buckling result of the geometrical configuration and the combination of
load geometric . .
. . magnitude and/or point of load.

configuration)
Corrosion The corrosive process resulting from the food ingestion and waste
(Material Biological corrosion elimination by microorganisms or macro organisms. The waste products
deterioration of these living organisms act as corrosive media.
due to chemical or A form of chemical corrosion caused by differences in vapor pressure.
electrochemical L. . Bubbles and cavities within a fluid collapse adjacent to the pressure
. . . Cavitation erosion .
interaction with vessel walls and cause particles of the surface to be expelled thereby
environment) baring the material below the surface to the corrosive medium.

Corrosion fatigue

A failure mode in which corrosion and fatigue combine with each
process accelerating the other. The corrosive process forms pits and
surface discontinuities that act as stress raisers and accelerate fatigue
failure. Cyclic loads or strains lead to cracking and flaking of the
corrosion layer baring the material below the surface to the corrosive
medium.

Crevice corrosion

A form of corrosion that occurs within crevices, cracks or joints. Small
volume regions of stagnant solution are trapped in contact with the
corroding metal.

Direct chemical attack

A common form of corrosion that occurs when the surface of the
machine part exposed to the corrosive media is attacked more or less
uniformly over its entire surface. The result is a progressive
deterioration and dimensional reduction of load-carrying net cross
section.

Erosion corrosion

A form of chemical attack that occurs when abrasive or viscid material
continuously flows past a surface thereby baring the material below the
surface to the corrosive medium.

Galvanic corrosion

Electrochemical corrosion of two dissimilar metals in electrical contact.
Current flows through a connecting pool of electrolyte or corrosive
medium and leads to corrosion.

Hydrogen damage

Any damage to a metal caused by the presence of hydrogen or the
interaction with hydrogen. Such damage includes hydrogen blistering,
hydrogen embrittlement, hydrogen attack, and decarburization.

Intergranular corrosion

A form of attack that occurs when the formation of galvanic cells
precipitate corrosion at grain boundaries of copper, chromium, nickel,
aluminum, magnesium, and zinc alloys due to the alloy being
improperly heat treated or welded.

Pitting corrosion

A form of corrosion similar to crevice corrosion leading to the localized
development of array of holes or pits that penetrate the metal. The pit
can be initiated by a small surface scratch, a defect, or a momentary
attack due to a random variation in fluid concentration.

Selective leaching

A form of corrosion in which one element is preferentially removed
from an alloy to obtain a metal that is more resistant to the intended
environment.

Stress corrosion

Occurs when the applied stresses on a machine part in a corrosive media
generate a field of localized surface cracks, which usually occur along
grain boundaries.
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Impact . The intolerable elastic or plastic deformation that occurs as a result of
Impact deformation . .
(Impact load of large impact and causes failure.
magnitude) The magnitudes of the stresses and strains that occur as a result of
Impact fracture . . .
impact are high enough to cause separation into two or more parts.
The fretting action induced by small lateral relative displacements
. between two surfaces that are not intended to move as they impact
Impact fretting . . .
together. The small displacements are caused by Poisssan strains or
small tangential “glancing” velocity components.
Radiation When the exposure to a nuclear radiation field result in changes in

(Nuclear radiation)

Radiation damage

material properties such that the machine part is no longer able to
perform its intended function. Radiation exposure usually triggers some
other failure mode and is often related to a loss in ductility.

Rupture Primary interatomic bonds being broken as a result of elastic
(Separate into two or . deformation and the member, which exhibits brittle behavior, separates
Brittle fracture . . o .
more parts) into two or more pieces. The fracture exhibits a granular, multifaceted
surface.
The plastic deformation in a machine part, which exhibits ductile
Ductile rupture behavior, to the point of the member separating into two pieces. A dull,
fibrous fracture surface results from the propagation of internal voids.
Spalling
(Particle . . . .
. A particle being spontaneously dislodged from the surface of a machine
spontaneously Spalling ¢ and s th function of th b
dislodged from part and prevents the proper function of the member.
surface)
Wear Occurs when wear particles are removed from the surface by plowing,
(Undesired change Abrasive wear gouging and cutting action of the asperities of a harder mating surface

in dimension)

or by hard particles trapped between the mating surfaces.

Adhesive wear

A type of wear caused by high local pressure and welding at asperity
contact sites followed by motion-induced plastic deformation and
rupture of asperity junctions. The result of this form of wear is metal
removal or metal transfer.

Corrosive wear

Occurs when adhesive wear or abrasive wear are combined with
conditions that lead to corrosion.

Deformation wear

A form of wear caused by repeated plastic deformation at the wearing
surfaces. A matrix of cracks are produced that grow and coalesce to
form wear particles.

Impact wear

A form of wear caused by repeated elastic deformation at the wearing
surface.

Surface fatigue wear

An occurrence of wear associated with curved surfaces in rolling or
sliding contact. Subsurface cyclic shear stresses produce microcracks
that propagate to the surface and cause macroscopic particles to be
removed by spalling thereby forming wear pits.
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