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ABSTRACT

A failure analysis of a turbocharger blade made of Ni base superalloy is
presented in this case study. L ocalized remelting of eutectic structure dueto
overheating during operating is the main cause for the failure. They’ pre-
cipitates at the blade’s root, cold reference zone are fine compared to the
coarse y' particles found close to the crack area. Micro-cracks initiated in
interdendritic regions due to the reduction of strength in these areas be-
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cause of overheating. The weakened microstructure and mechanical stresses
caused by vibration, centrifugal forces and bending moments caused fa-
tigue as evidence by, beach marks and tear ridges on the fracture surface.
Thefatigue failure isthe prevailing mechanism of fracture failure in airfail

section. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

During serviceof aturbocharger, anabnorma sound
was heard. The engine was shut down and was care-
fully inspected. Theinvestigation started with athor-
ough visual inspection of theturbocharger and blades
surfaces. It was found that the turboblades had been
damaged. All theturbobladeswere disassembled from
theturbine. Someof thefalled and unfailed bladeswere
selected for further investigation. These blades served
for 3monthsafter overhauling of theturbocharger. Each
turbocharger hasaone stage turbinethat contains 47
turboblades.

Observation
Figure 1 showsafailed bladethat entirely sepa-

rated fromtheairfoil section at aposition 12mm away
fromthe platform. Thefracture surface of thisbladeis
perpendicular tothelongitudina axisof theturbineblade.

Oneof the broken turbo bladeswasfound to con-
tain acrack, which was aso located at about 12mm
abovetheplatform. Thiscrack occurred on the convex
sdeof theairfail, figure2. Thesimilarity inthelocation
of thefracturein the blade showninfigure 1 andthe
crack showninfigure 2 suggeststhat theturbineblades
faced smilar conditionswhich caused theinitiation and
propagation of the crack.

Figure 3 showsaturbine blade broken onthetip at
theleading edge, |eft-upper, of theairfoil. Moreover,
theright-upper tip of theairfail, trailing edge, was de-
formed. A few turbo blades were found to be com-
pletely sound with no signsof any damage.
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Sequenceof thefracture

From the above observation, the sequence of the
damagefor the turboblades startsfirst with the com-
pleteseparation of theairfoil part of thebladein figuer
1, at 12mm abovethe platform. This separated airfoil
part collided at high speed the other bladesin thetur-
bocharger. Thefragments, produced from the previ-
ousevents, with accel erated vel ocity would hit other
blades|eading to destruction and deformation of these
blades.

MATERIALSCHARACTERIZATION

Chemical analysis

Thechemicd analysisof thebladematerid wasde-
termined by energy dispersive spectrometer (EDS). It
wasfound that themateria of thefailed bladeisaNi
base superdloy which containsthefollowing dements,
Si, Mn,Al, Ti, Crand Mo,

Ni base superalloysarewidely used for high per-
formance applications such asdisksand blades of ei-
ther aircraft enginesor land-based gasturbines”#l,

Microstructure
Optical microscope

Asshowninfigure4, theturbo blade, acast poly-
crystalline Ni base superall oy, hasadenderitic struc-
ture. Inthisfigure, the primary and secondary dendrite
arm spacing can beeasily recognized.

Ni base superalloysare strengthened through the
precipitation y' phase, Ni (Al, Ti) inafcc y-Ni ma-
trix[®. The microstructure of thefailed turbo bladeis
composed of y nickel-rich solid solution, fineand dis-
persedy’ precipitates, eutecticy and carbides, figure
5104 Thisistheidea microstructurewith afineor-
dered quasi-cubic precipitate of y' that should be ob-
tained during manufactureto optimizehightemperature
strength. Carbidesarelocated in theinterdendritic re-
gionsinround and plate-like shapes, it can beaswell
found asanetwork at the grain boundaries of y matrix,
(Figure6).

The presence of few porosity and shrinkage cavi-
tiesin the structure of the unfailed blade can be de-
tected; such defectsareunlikely to play amagjor rolein
thefailureof theblades, (Figure7).
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Scanning electron microscope (SEM)

In someinterdendritic regions, ahigh density of
plate-like carbideswasfound, figure8. Thesecarbides,
analyzed by using EDS, werefound to consist of Mo,
CrandTi.

Figure9 showsthey’ precipitatesiny matrix a the
root of the platform section which represent the cold
reference zone. Theroot of the bladeisconsidered as
“cold or reference zone” asit isnot exposed to the hot
combustion gasesand microstructural changesarenot
considerable?. Most of y' precipitatesin blade’sroot
are cubic morphol ogy with average cubic edge about
0.45pum.

Asshowninfigure 10(a) and 10(b) the crack starts
on the convex side (suction side) and propagatesto-
wardsthe concave side (pressure side) perpendicular
tothebladevertica axisfollowingthe degraded struc-
tureininterdendritic regionsand grain boundaries.

Comparedtothey’ precipitatesat theblade’sroot,
cold referencezoneinfigure 9, coarsey’ particlescan
befound closeto the crack area. The abnormal work-
ing conditionsmay e evate operating temperatureor due
tothefirethat had occurred for severa times, around
thebladeairfoil leading tothegrowth of they’ and even
approachesthe solidustemperature of theblade mate-
ria in shorter time. It can be stated that the sharp cor-
nersof the cuboidal y' precipitates, in cold zone, be-
come morerounded, coal escence and coarsening of ¥’
can beobserved, figure 11.

Itisasonoted that, somepositionsintheinterden-
dritic zoneswerefound open asit canbe seeninfigure
12(a). Moreover, alocalized re-melting of eutectic at
higher magnificationwasreveded aswel, figure 12(b),
leading to degradation of themicrostructureand initia-
tion of micro-cracksfromtheinterdendritic regiong34,
Micro-cracking preferably occurred ininterdendritic
regions and the cracks propagated within the
interdendritic region to form short cracksontheair-
foil surface, figure 13.

Fracturemor phology

Thefracture surfaces of thefailed blade were ob-
served in detail. Beach marks and tear ridges can be
found onthefracture surfaceasshowninfigure 141517,

Presence of the over-heat damage structurewould
considerably decrease fatigue strength of the blade.
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Figurel: Brokenturboblade Figure2: Crack startsand propagtat the convex side of
theairfoil

Figure3: Partially broken bladeat thetip of theairfoil

Figure4: Denderitic structur eof cast Ni base superalloy

Figure5: Microstructureof N base superalloy

Shrinkage cavity

Porosity

Figure 7 : Porosity and shrinkage cavity presented in the
structure

Figure9: ¢y’ precipitatesiny matrix at theroot of theplat- Figure10: (a) Crack startsat the convex sideof theblade, (b)
form section Crack propagatesthrough theinterdendriticregion
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Figurell: Coarsey’ precipitatesiny matrix adjacent tothe Figure12: Re-melting of eutecticy/y’ and degraded carbide

crack area

When gases flowed into concave side of the blade
through theleading edge, the surface of the concave
sdeof thebladewas subjected to bending tensilestress
and hencecrack caneadly initiateat thisregion.

CONCLUSIONS

1 Themateria of theturbinebladesusedinthetur-
bocharger, under thisinvestigation, iscast Ni base
superdloy.

2 Theinvestigation of y' precipitatesat thefracture
surface of thefailed bladesindicatesthat theblades
have been subjected to very hightemperature. This
off-design regimeresulted from nonuniform tem-
peraturedistribution.

3 Typicaly over-heat structure damage had taken
placeduetolocalized remeting of theeutectic struc-
ture of thefailed blades. It is suggested that the
operating temperature of the blades had exceeded
the specified oneleading to over-heat damage.

4 Inadditionto overheating, fatigue crackingisthe
prevailing mechanismfor theoccurrenceof thefrac-
turefalureinairfoil section.

5 Micro-crackingisinitiatedininterdendritic regions
dueto strength reduction because of over-heating.
Under centrifugal, vibration and bending stresses,
the micro-cracks propagated within the
interdendritic region and formed short cracksinthe
arfoil section. Thenearby short crackswith identi-
ca orientation converged to formlong cracks, and
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ininterdendriticregions

Figurel4: Fracturesurfaceof thefailed blade

thetransversefracture occurred at theairfoil.

The crack starts at the convex side, suction side,
and propagates towards the concave side, pres-
sureside, perpendicularly tothe vertica axisof the
turbineblade.

Thefragmentsresulted from the previoudly frac-
tured bladewould hit and damage other bladesin
theneighborhood.
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