
Research Article
Fatigue Failure Analysis of a Gear in Automobile Engine
Coolant Pump

Krishnakumar Krishnasamy ,1 D. Subbulekshmi ,2 T. Deepa ,2 B. M Gnanasekaran,3

T. Maridurai,4 M. Sriram,5 Srinivasan Suresh Kumar,6 and Mebratu Markos 7

1Sr.Manager-Product Development (Engineering), TIDC INDIA, Chennai-600 053, Tamil Nadu, India
2School of Electrical Engineering, Vellore Institute of Technology, Chennai-600127, Tamil Nadu, India
3Department of Mechanical Engineering, Fatima Michael College of Engineering and Technology, Madurai – 625020,
Tamil Nadu, India
4Department of Mechanical Engineering, Saveetha School of Engineering, SIMATS, Chennai 602105, Tamil Nadu, India
5Department of Computer Science Engineering, Bharath Institute of Higher Education and Research, Chennai 600073,
Tamil Nadu, India
6Department of Mechanical Engineering, Panimalar Polytechnic College, Chennai - 600029, Tamilnadu, India
7Department of Mechanical Engineering, College of Engineering, Wolaita Sodo University, Ethiopia

Correspondence should be addressed to Krishnakumar Krishnasamy; krishnaksp07@gmail.com

Received 15 December 2021; Accepted 1 February 2022; Published 27 March 2022

Academic Editor: P Ganeshan

Copyright © 2022 Krishnakumar Krishnasamy et al. (is is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is
properly cited.

Gear is a reliable part of power transmission.(is article presents a metallurgical failure analysis of a failed gear used in automobile
engine coolant pumps. In gear, the soft microstructure of pearlite and ferrite is witnessed in metallographic analysis. Significant
wear is perceived in gear teeth, and significant deformation is observed in the keyway.(e crack initiated from the corner radius of
the keyway and propagated towards to the root of the teeth, which is evidence of the failure due to fatigue. Recommendations are
given to improve the fatigue strength of gear.

1. Introduction

Gear is a reliable power transmission element and is ex-
tensively used in automobile and industrial drive applica-
tions.(ere is no intermediate link or connector on the gear,
and it transmits the motion by direct contact. Gear is the
most frequently failed member in applications. Common
failures in gear are pitting, spalling, wear, and fatigue. (e
failed reducing gear used in the petrochemical industry is
carburized, quenched, and tempered. (e microstructure of
the case is tempered high carbon martensite, and the core is
low carbon martensite. (e fatigue failure occurred from
poorly designed drill holes, which are used for handling
large-sized gear [1]. Helical gear in a power generation plant
has failed due to fatigue fracture. During microanalysis,
inclusions are identified in material with iron oxide

surrounded by (FeMo) 3C carbide. (e inclusions [2] are
formed during the gear blank casting process. (e planetary
gear failed due to tooth pitting [3] and cracking. (e pinion
gear crack is originated from small cavities caused by
micropitting. In such conditions, the surface is overstressed,
and induced plastic deformation by the ridge formation [4]
occurs at the bottom of the root fillet. (e pinion was loaded
heavily near the thrust disc and stress increased in the pinion
teeth, which resulted in plastic deformation [5] of the teeth.
(e author suggested redesigning the pinion assembly to
sustain the working load. (e failed gear was made up of
20CrNiMo, and surface pitting [6] appeared near the pitch
line of the teeth. (e gear of the helicopter is rigorously
destroyed by spalling [7]. Fractographic analysis confirms
the crack originated at the root of the gear. On the other
hand, inadequate lubrication, improper mounting, poor
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maintenance, unsuitable material selection, and improper
heat treatment of drive components result in failure [8–13].
Prior to starting the failure analysis, a literature review is
done to realize the various mechanisms of the gear and drive
components. Case studies are very useful to understand the
causes of drive component failure and the methodology of
failure analysis. Most research papers are focussed on failure
analysis of helical gear, planetary gear, chains, and drive
components used in different applications [14–16]. Limited
papers are available on the fatigue failure analysis of gears in
automobile applications. (erefore, the motivation behind
this investigation is to direct metallurgical examination on a
failed engine coolant pump gear and recommend to en-
hancing the fatigue strength.

2. Materials and Methods

(e engine coolant pump gear may fail in function. Analysis
of failure detection is conducted using the methods of visual
examination, chemical analysis, hardness analysis, scanning
electron microscopy (SEM) analysis, and metallographic
analysis. (e failed gear is made up of EN353 material grade.
Experimental tests (ultimate tensile and hardness) are
conducted on cylindrical test specimens for performance
comparison [33–36]. Test methods are described as follows,
and results and discussion are provided. (is case study
describes the failure analysis of gear that has failed in service
[17, 18]. It is reported that the gear is part of the engine
coolant pump assembly. Basically, the engine coolant pump
consists of the housing, mechanical seal, gear, o-ring, im-
peller, and integral shaft bearing as shown in Figure 1(a).
Integral shaft bearing and mechanical seal are press-fitted
with housing. Gear with key is press-fitted at one end of the
shaft, and the impeller is press-fitted at the other end of the
shaft [25–28].

2.1. Visual Examination. Failed gear has a keyway in the
inner diameter and a gear tooth profile in the outer diameter,
as shown in Figure 1(c). (e gear had failed in a longitudinal
mode lengthwise, as shown in Figure 1(b). (e longitudinal
mode crack occurs up to 65% of the length, and significant
wear is perceived in the gear profile [15, 19, 20]. (e crack
initiated from the corner radius of the keyway and propa-
gated towards the root diameter of the gear.

(e gear is cut in a cross-sectional view where the
longitudinal mode is ended and cross-sectional keyway of
the remaining portion, is shown in Figure 2(a). A close-up
view of the remaining part, as shown in Figure 2(b), confirms
the enlarged keyway portion. (e deep deformation of the
keyway is due to the heavy load during application.

2.2. Chemical Analysis. (e chemical composition of the
failed gear is analysed by optical emission spectroscopy.
Table 1 shows the EN353 specifications with the chemical
composition of the failed gear. (is type of material is
typically case-hardened and used in drive components such
as bearings, shafts, and spinning tools.(e presence of nickel
1.00–1.50% increases the toughness, while molybdenum

0.08–0.15% and chromium 0.75–1.25% contribute to in-
creasing the case harden surface, resulting in an improve-
ment in wear resistance [21–24].

2.3. Hardness Measurement. Hardness measurements are
carried out on metallographically polished samples from an
area away from the fracture area. A rockwell hardness tester
is used to measure the hardness from the cross section of the
keyway radius and to the root of the gear radius. (e average
hardness value is 89 HRB. (e hardness indicates the part is
not heat-treated. It is in soft condition.

2.4. Scanning Electron Microscopy Analysis. (e entirely
fractured surfaces are washed by using acetone and diluted
HCL. (e crack initiated from the keyway edge and prop-
agated towards the root diameter of the gear tooth. (e low
magnification SEM image (Figure 3(a)) indicates that the top
area is the tooth surface and bottom area is the keyway
surface. In between the tooth and keyway surface, the crack
origin, fatigue propagation zone, and overload zone are
presented. Fatigue propagated zone stand up before the
overload zone. Figure 3(b) shows the increased magnifica-
tion SEM view of the fracture surface at the crack origin.

(e high magnification shows the fracture origin exposed
fatigue striations (beach marks) in Figure 4(a), and the beach
marks are concentric rings in a fatigue region which re-
sembles wave marks on a beach. (e crack progression is
caused by changes in working load and environment. (e
overload highmagnification SEMview in Figure 4(b) revealed
a dimpled feature. (e dimpled features occurred due to the
creation and coalescence of microvoids sideways to the
fracture mode. (is confirms the ductile overload fracture.

2.5. Metallography. In optical microscopic observation, a
minor crack is observed at the corner radius of the keyway
shown in Figure 5(a). A considerable grain deformation was
also observed in the keyway radius. (e fatigue crack ini-
tiated from the keyway edge radius and propagated towards
the root of the teeth. In the microstructure of the core, soft
pearlite and ferrite are perceived, as shown in Figure 5(b). It
is confirmed that gear is not heat-treated [29–32].

3. Results and Discussion

(e cylindrical test specimens are prepared using a turning
center and the dimensions of the specimen are as per the
ASTM E8 standard. (e specimens are made up of EN353
material. Four specimens are prepared as shown in
Figure 6(a). Specimens 1 and 2 are not heat-treated (soft)
condition, and specimens 3 and 4 are heat-treated by the case
hardening process. Specimens 1 and 3 have undergone
hardness testing. Specimens 2 and 4 have been submitted for
tensile testing.

3.1. Hardness Test of Specimen. Specimens 3 and 4 are case-
hardened by using a mesh belt furnace. (e case hardening
process cost is approximately 5% of the gear cost. (e
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microstructure of the specimen is analysed using a Leica
DMC2900 microscope. Microstructure is carried out on a
metallographically polished specimen 3. Fine-tempered
martensite microstructure in the case surface is presented in
Figure 7(a), and low carbonmartensite microstructure in the
core is revealed in Figure 7(b). Readings of hardness are
taken in a 15N :15 kgf superficial rock well. (e surface
hardness of specimen 3 is 48.5 HR15N.(e case depth of the
outer diameter is 0.35mm. Core hardness is found to be 415
HV @ 0.20 kgs, as shown in the microhardness traverse

survey graph in Figure 7(c). (e hardness of the soft
specimen 1 is in the range of 180 to 190 HV at 0.20 kgs. (88 to
90 HRB). Rockwell B is shown in the microhardness traverse
survey graph in Figure 7(c).

3.2. Tensile StrengthTest. (e ultimate tensile stress (UTS) of
EN353 specimens is tested by using the 1000-ton capacity
universal testing machine (UTM). Universal fixtures are
designed according to the specimen. In UTM, the upper
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Figure 1: (a) Parts of an engine coolant pump, (b) Crack geometry of the failed gear, (c) Crack initiation.
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Figure 2: (a) Overview of longitudinal mode crack surface and the cross-sectional view of keyway at the nonfailed portion. (b) Enlarged
keyway portion of gear.

Table 1: Failed gear chemical composition compared to the related grade (% wt.).

Sample C% Mn% Si% S% P% Cr% Mo% Ni%
Gear #1 0.16 0.99 0.26 0.026 0.005 1.09 0.12 1.15
EN353 0.10–0.20 0.50–1.00 0.10–0.35 0.040 max 0.040 max 0.75–1.25 0.08–0.15 1.00–1.50
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cross head is the fixed end and the lower is the movable end.
(e specimen is fixed between two ends as shown in
Figure 6(b).

Soft specimen 2 and case-hardened specimen 4 are
tested. (e stress-strain curve and load-displacement curve
of the soft specimen are shown in Figure 8(a) and

Figure 8(b), respectively. (e stress-strain curve and load-
displacement curve of the hardened specimen are shown in
Figure 9(a) and Figure 9(b), respectively.(e ultimate tensile
stress (UTS) of soft specimen 2 is 940Mpa, whereas hard-
ened specimen 4 is 1495MPa. Hence, 59% of the ultimate
tensile stress (UTS) is higher in hardened specimen 4.

Figure 4: (a) SEM micrograph showing the fatigue (magnification: 4000x). (b) SEM micrograph showing the dimpled surface feature
(magnification: 2000x).

(a) (b)

Figure 3: (a) SEM image of the fractured surface (magnification: 10x). (b) SEM micrograph showing the crack origin, fatigue zone, and
overload zone of the fracture surface (magnification: 40x).

(a) (b)

Figure 5: (a) Optical microscopic view showing the crack origin at the corner radius of keyway (magnification: 50x). (b) Microstructure
shows the soft pearlite and ferrite in the core (magnification: 200x).
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Figure 7: (a) Specimen 3microstructure shows the finely temperedmartensite in the case. (b) Specimen 3microstructure reveals low carbon
martensite in the core. (c) Microhardness traverse survey graph.
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Figure 6: (a) Sample specimens. (b) Tensile test (UTM) machine setup.
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4. Conclusion

(e crack initiated from the corner radius of the keyway
and propagated towards the root of the gear, which con-
firmed the failure was due to fatigue. Significant wear is

observed in gear teeth, and significant deformation is
observed in the keyway. A soft microstructure of pearlite
and ferrite is observed in metallographic analysis, and an
average hardness of 89 HRB confirms that the gear is not
heat-treated.

(a) (b)

Figure 8: (a) Stress-strain curve of soft specimen 2. (b) Load-displacement curve of soft specimen 2.

(a) (b)

Figure 9: (a) Stress-strain curve of hardened specimen 4, (b) Load-displacement curve of hardened specimen 4.
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(e following measures can be taken to avoid the failure
of the gear:

(1) Keyway edge radius to be increased to reduce stress
concentrations in the area of fatigue crack origin.

(2) Based on tensile test validation in samples, by the
case hardening process, 59% of tensile strength was
improved.

(3) (e case hardening process followed by quenching
and tempering could confidently increase the wear
resistance and the fatigue strength of the gear.

Data Availability

(e data used to support the findings of this study are in-
cluded within the article. Further data or information are
available from the corresponding author upon request.
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