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Abstract: Turbocharger consists of centrifugal compressor driven
by an exhaust gas turbine and employed in engines to boost the
charge air pressure to improve its performance in terms of
output power and overall efficiency. Authors have considered
three turbochargers for failure analysis. All the turbochargers
have failed before designed conditions, which is premature
failure. In the first turbocharger, ruptures were noticed at the
compressor end on the tip of all compressor blades except for one
which had undergone bending. In the second turbocharger set,
fractured turbine edges and splitting up of the shaft at stress
raiser was observed. On these two radial turbochargers, visual
examination and metallographic examination (SEM) have been
conducted. In the third turbocharger, bluish colour on the shaft
and carbon deposition on the bearing house and heat shield were
observed. The results of the failure have been discussed in detail
in this paper.

I. INTRODUCTION

T

he reasons of failure of turbine includes high temperature
and pressure operating conditions, fuel and air
contamination, high mechanical stresses, high thermal
stresses, fatigue and creep/stress rupture [1-8]. The
Compressor surge and entry of foreign particles are mainly
responsible for compressor failure [9, 10]. The reasons for
shaft failure are oil starvation, oil delay, hot spot, carbon build
up, non-homogenous material composition, improper
clearance in fully floating bearing, impact loading, ductile or
brittle failure etc. [11-13]. Most commonly used methods of
failure analysis are visual examination, non-destructive testing
(NDT), chemical analysis, metallographic examination [14,
15]. In this paper, authors have considered Visual examination
technique and metallographic techniques for failure analysis
of the three turbocharger components.
For the failure analysis, the authors have investigated the
failed components of turbochargers using the visual
examination. To further proceed with the investigation for the
satisfactory and detailed results, metallographic examination
is carried out by scanning electron microscope (SEM).
II. FAILURE ANALYSIS
Author have selected three turbochargers for failure analysis.
Samples from first turbocharger includes two compressor
blade, one with rupture at outward end of the blade and
another with bending at tip of blade. Samples from second
turbocharger includes turbine blade with ruptured edges and
split shaft from the stress raiser. Samples from the third
turbocharger includes shaft with bluish colored strips and
bearing house and heat shield with Carbon deposits. Visual
examination was carried out on all the samples. To reach to
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the root of the cause of the failure, Optical microscopy was
carried out on this samples, but results obtained were
unsatisfactory. So the author decided to continue with the
investigation using Scanning electron microscopy and this
results of Visual examination and Scanning electron
microscopy are discussed in next session. The scanning
electron microscope of Model- S3400 has 3nm resolution,
work distance of 5mm to 35mm and highest acceleration
voltage of 30 KV.
2.1. Visual examination
2.1.1. Turbocharger 1: Rupture is noticed on the compressor
blades (Refer: Fig.1) with the exception of one compressor
blade which has undergone bending as shown in Fig.2. All the
compressor blades are eroded at tip profile side which
indicates surface erosion due to collision of blade with outer
casing. Bending of inducer tip, near compressor inlet, is
observed in one of compressor blade passage (Refer: Fig. 2).
There is no damage observed on the turbine andshaft.

Fig.1 Ruptured Compressor Blade

Fig.2 Bent Compressor Blade

2.1.2. Turbocharger 2: In this sample; material removal is
observed at the edge of all turbine blades as represented in
Fig. 3. For enlarge view, one of the fractured turbine blade is
shown in Fig. 4. Main shaft of turbocharger is also split up
into two at stress raiser (Refer: Fig. 5).
There is no damage on the compressor end. The visual
examination suggests that first of all shaft is failed due to
which turbine became decentralize and all the blades tip are
rubbed with outer casing of turbine which is moving at very
high speed. This leads to material removal from the tip of
turbine blades. Main shaft of turbocharger is broken from the
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groove of turbine shaft assembly. No observable bending has
occurred on the failed main shaft as shown in Fig. 5.

Fig.6 Bluish Colored Stripes on the shaft

Fig.3 Turbine End of the Turbocharger

Fig.7 Carbon deposition on turbine side heat shield

Fig.4 Fractured Turbine Blade

Fig.8 Carbon deposition on central bearing house
Fig.5 Shaft from the compressor end

2.1.3. Turbocharger 3: Bluish coloured strip on the shaft of
the turbocharger is noticed as shown in Fig. 6. This suggests
premature failure because of the lack of lubrication (Oil
starvation) may be due to pump failure. The oil starvation
leads to excessive temperature inside the turbine assembly.
The black carbon deposits observed on the turbine side heat
shield (Refer: Fig.7) and central bearing house (Refer: Fig.8).
This also indicates failure due to high temperature regions
developed inside the turbocharger may be due to lack of
lubrication inside the turbine assembly. As one of the function
of central bearing housing is to support and lubricate the
turbocharger bearing. In case of lack of lubrication it is not
able to handle the heat and stress of the turbine, due to which
the casing material burnt and formed carbon are deposited on
different parts.
Thus, premature failure of shaft has taken place due to
improper functioning of pump which prevented the lubricant
from reaching the bearing house. Due to this there was no
medium for escape of heat produces due to the very high
rotational speed of the turbo shaft. Bluish region of the shaft is
region where excessive heat buildup took place, leading to
rapid wear. Carbon buildup on the bearing house and turbine
side heat shield is the indication of use of poor quality oil/
lack of servicing. This has occurred due to combined effect of
pump failure and use of poor grade oil/ not changing the oil
on time which lead to blueing of the turboshaft and carbon
buildup on bearing house and heat shield. Thus, the visual
inspection of the failed component gives clear idea about the
type of failure and its mechanism.
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2.2. Observation using Scanning Electron Microscope
The reasons of failure are not cleared by visual examination in
case of sample 1 and 2 of turbochargers. Therefore, SEM is
used to generate magnified view of failed component, and
SEM micrographs are analyzed to find out the reason for
failures. The different micrographs are taken at different
magnifications ranging from 18X to 1000X.
For Turbocharger 1, two samples are prepared as per the
requirement for the observation by SEM. The first sample is
of one of the rupture compressor blade whereas; second is of
bent compressor blade.
Sample 1.1: Ruptured compressor blade
Fatigue striations (parallel lines) are observed on the center
surface of the blades as shown in Fig. 9. Furthermore, porosity
is notice on the specimen averaging at 100-150 𝜇𝑚, indicating
a manufacturing defect which leads to decrease in strength.
The porosity is of totally enclosed type (it does not extend and
stays circular, while not joining other pores). This may have
occurred during the casting process. On further magnification
(Refer: Fig.10) we notice a dimpled surface which is
indicative of ductile failure. Fig.11 indicates fatigue striations
as well as a few pores on the surface. Also, we can notice that
the surface on the back has a cup and cone structure indicating
ductile failure. Another micrograph (Refer: Fig.12) of the
right end of the top section of the compressor, shows
irregularities at the bottom left area of the micrograph.
On further magnification of the bottom left portion of Fig. 12,
we notice cup and cone features on the surface, as can be seen
in Fig. 13.
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Fig.9 Fatigue striations are seen in this side of
the specimen

Fig.10 Dimpled surface at the mid-section
(magnified view of Fig. 9)

Fig.11 Porosity and dimples are seen

Fig.12 Overview of right end of compressor

Fig.13 Cup and cone features noticed on the
surface at right end.

Fig.14 Crack noticed on bent area of
compressor blade

Fig.15 Further magnification of crack area

Fig.16 Cup and cone features can be seen

Fig.17 Micro cracks noticed on surface of the
compressor blade along with porosity

Fig.18 Tip of the compressor blade

Fig.19 Impact on end of the compressor blade

From the fatigue striations we can say that fatigue has
played a part in the failure of the compressor blade. Also the
presence of dimples and cup and cone features indicates that
ductile failure has taken place due to manufacturing defects
during casting of the compressor blades.

A crack is observed on the bent area of the blade as seen in
fig. 14. Irregularities are noticed on further magnification of
the crack (Refer: Fig.15). The irregularity is investigated at
higher magnification and cup and cone features on the
surface is seen (Refer Fig.16). On the surface of the
compressor blade the presence of micro cracks and porosity
on the surface can be observed (Refer: Fig.17). At the tip of

Sample 1.2: Bent Compressor Blade
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the compressor blade impact has taken place (Refer: Fig.18,
Fig.19). Thus, in the second sample, at the tip of the
compressor blade, authors noticed that impact has taken
place. The possible reason for the bending of compressor
blade is the combined result of compressor surge due to
which there has been temperature rise of the compressor
blade and the entry of the foreign particle, large enough to
cause the bending is due to rupture of the air filter.
The cup and cone fracture, of samples of turbocharger 1,
suggests that first of all shear slip- take place, due to which
crack propagated with rapid speed and failure occurs.
2.2.1. In case of the Turbocharger 2, two samples one for
turbine blade and another for failed shaft surface are
prepared for the observation by SEM.
Sample 2.1: Fractured edges of turbine blades
In the turbine blade, removal of the material has taken place
from the edges of the blades due to the physical contact with
the turbine housing. The tip of the turbine blade has
chipped.

Fig.20 SEM micrograph of the left side of the
top end

Fig.26 shows the complete overview of the failed shaft
surface and Fig. 27 represents enlarge view of surface at the
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Thus, this sample analysis indicate failure of turbocharger
due to the ductile and fatigue failure of turbine blades.

Fig.21 Right end of SEM micrograph showing
cup and cone surface

Sample 2.2: Failed shaft

Fig.23 Centre area of the top end, away from
the edge irregularities are seen

At the left side of top end of the turbine, material removal
due to wear with other material can be noticed (refer Fig
20). The right end of the turbine where chipping has taken
place is investigated (refer Fig.21), where cup and cone
features are noticed in the SEM micrograph, which shows
that ductile failure has taken place. An overview of the top
section (including the edge) of the blade is seen in fig.22,
where a rough, irregular surface is observed. The top end
away from the edge is viewed at higher magnification where
irregular areas are observed, possibly have a cup and cone
surface (refer Fig.23). The same can be seen in Fig.24
which is towards the edge. After zooming in on the red
circle at higher magnification (Fig.25) the presence of cup
and cone surface is confirmed. This may be due to excessive
stress generation within the turbine wheel assembly.

Fig.22 Top section of the blade, including
edge

edge of the shaft. At the edges initiation marks are noticed on
the edges of the shaft. After the initiation marks, concentric
circles are seen, after which one can observe multiple cracks
ending at the center.

Fig.24 Top section of the blade towards the
edge

Fig.25 Presence of cup and cone features on
the surface
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Fig.26 Overview of shaft through SEM

Fig.27 Surface at the edge of the shaft

Fig.28 Cup and cone Features noticed at the
triangular portion at the edge

Fig.29 Cup and Cone feature (Magnified view
of Fig.28)

Fig.30 SEM micrographs showing multiple
cracks towards the center of the shaft

Fig.31 SEM micrographs showing multiple
cracks (Magnified view of Fig.30)

Authors noticed the cup and cone features on the surface as
shown in Fig.28 and 29. This is indicative of ductile failure.
Multiple cracks are noticed on the surface which
arepropogating in random directions as represented in Fig.30
and 31. SEM micrograph of a single crack can be observed in
figure 32.
In the shaft, the initiation of the failure which is the splitting
of the shaft at the stress raiser has occurred at the outer edge
of the shaft which corresponds to ductile failure. The
concentric circles which follows the initiation points are
called as progression lines. After the progression lines the
brittle failure occurs after certain distance which can be
noticed by multiple cracks. Finally instantaneous center is
obtained at the center. This has occurred due to combined
effect of bending and torsion at the stress raiser region which
may be due to either improper clearance provided for the fully
floating bearing of or improper assembly of the components.
Thus, the shaft is failed due to the combination of ductile and
brittle failure which leads to the turbine blade failure also.

Fig.32 SEM micrograph of a single crack
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III. CONCLUSION
Three different failed turbochargers are taken for the failure
analysis of the components of turbocharger. The analysis is
carried out by visual examination and SEM micrographs.
Reasons of failure are identified for all the three turbocharger.
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