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Abstract— This paper reports a failure mode analysis of a 

diesel engine crankshaft. Crankshafts are components which 

experiment severe and complex dynamic loadings due to 

rotating bending combined with torsion on main journals and 

alternating bending on crankpins. High level stresses appear 

on critical areas like web fillets, as well as the effect of 

centrifugal forces and vibrations. Since the fatigue fracture 

near the crankpin web fillet regions is one of the primary 

failure mechanisms of automotive crankshafts, designers and 

researchers have done the best for improving its fatigue 

strength. The present failure has occurred at approximately 

2000 manufactured engines, and after about 96,000 km in 

service. The aim of this work is to investigate the damage root 

cause and understand the mechanism which led to the 

catastrophic failure. Recommendations for improving the 

engine design are also presented. 
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I. INTRODUCTION 

A. Crankshaft 

Crankshafts of motor vehicles generally run at high rotation, 

between 700 and 8000 rpm, depending on the engine type. 

Diesel engines of vehicles usually run below 4000 rpm. 

However at this rotation range, significant imbalances can 

arise from the engine operation. The common root causes of 

crankshaft failures are due to fatigue phenomenon. Most of 

damages take place on the main journals and crankpins close 

to the web fillets and lubricating holes where are present high 

stress levels being therefore critical zones. Poor design, 

deficient assembly or inadequate engine operation, shaft 

misalignments, wrong geometry of fillets on crankpin-webs 

and main journals, inadequate lubricating holes geometry, as 

well as abnormal vibrations and resonant frequencies 

generally are the most probable causes of damage in engines. 

 A crankshaft is subjected to several forces that vary 

in magnitude and direction (multi-axial loading). Bending 

stress and shear stress due to twisting are also common 

stresses acting on crankshafts. 

 In a diesel engine two different load sources are 

present namely inertia and combustion which cause both 

bending and torsion load on the crankshaft: inertia of rotating 

components such as connecting rods, applies forces to the 

crankshaft which increase with the speed of the engine. The 

second load source is the force applied to the crankshaft 

through the connecting rod due the effect of pressure of the 

gas combustion in each cylinder. Forces applied to the 

crankshaft cause bending and torsion. Fig. 1 shows the 

variations of bending and torsion loads and the magnitude of 

total force applied to the crankshaft as a function of 

crankshaft angle for the engine speed of 3600 rpm in a single 

cylinder but can be extended to any diesel engine. 

 
Fig. 1: Bending, Torsion, and the Resultant Force at the 

Connecting Rod 

B. Material & Damage History 

The crankshaft belonged to a diesel vehicle motor of 90 HP 

with a torque of 180 N-m at 2500 rpm. The material is a 

typical metal alloy obtained from SAE 1045 cold drawn, 

forged, normalized. For this steel the nominal tensile strength 

is about 625 MPa and yield strength 530 MPa. Hardness 

measurements were carried out on the failed crankpin and HV 

207 was found at the center of the crankpin; a hardness 

measurement on other crankpin of the crankshaft showed 

similar hardness. This crankshaft has a mass of 21 kg and 560 

mm length. Main bearing and connecting rod journals were 

measured and were found 52.5 mm and 59.5 mm for crankpin 

and main journal diameters, respectively. Fig.4 shows the 

fractured crankshaft on the crankpin no. 2. Fig. 4 shows a 

close-up of the two broken parts (a) and (b), where fatigue 

crack surfaces are visible. After about 3 years in regular 

operation, the vehicle motor failed. 

 
Fig. 2: (a) Typical Crankshaft with the Main and usual 

Nomenclature, and (b) Pistons at Horizontal Position 

 The diesel engine will be analyzed due to a fracture 

of crankshaft. It has the following main specifications: 

displacement: 2000 cm3; diameter cylinder: 100 mm; max 

power: 150 HP; max torque: 350 N m. In Fig. 3 is shown the 

performance curves of this diesel motor: maximum torque at 

1800 and 2400 rpm, and a maximum power of 112 kW at 

3600 rpm. 

Fig. 3. Performance curves of diesel motor, torque [N m]  

and power [kW] 
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Fig. 4: Failed Crankshaft Showing the Morphology of the 

Surface Crack & the Crack Initiation Sites at Crank Web 

 This boxer motor type has frequently had a recurrent 

failure among 2000 manufactured motors and after about 

96,000 km of service. Failures have similar features: the 

crankshaft breaks itself at the crankpin No. 3 at the crankpin-

web fillet. A more careful observation of the bedplate allowed 

finding two support steel shell haves where two half shell 

bearings are based. All support steel shell halves are brazed 

to the bedplate by a hybrid foundry for supporting the shell 

bearings. Two of those steel shells, in the bedplate middle, 

were found broken close to the bolts for tightening of two 

motor block halves. Furthermore, under both steel shell 

halves, the bridges of the bedplate in aluminium alloy 

appeared with transversal cracks, one crack in each bridge, 

and close to the side of the mentioned broken pieces. 

II. RESULTS & DISCUSSION 

A sample of the crankpin no. 2 was cut for obtaining the 

macro and micrographs, as well as the Vickers hardness from 

the inner to outside crankpin surface. Fig. 5(a) and (b) shows 

macrographs where are observed that this crankpin was 

rectified to 48.5 mm diameter and then rebuilt by adding a 

metal alloy layer to the nominal size, i.e. 52.5 mm. The heat 

thermal zone (HTZ) is also observed between the metal base 

and the added metal alloy, therefore if the crankshaft was 

under severe bending probability means that the bedplate 

yielded due to weakness. 

 
Fig. 5: (a) Broken material (samples) from the support steel 

shells; (b) crack initiation sites; (c) and (d) the two samples 

Nos. 1 and 2 at different positions, showing the zones 

without smooth concordance radius 

 

 
Fig. 6: (a) and (b) SEM micrographs showing sample No. 1; 

(c) and (d) SEM micrographs showing sample No. 2 

 The bedplate yielded as a consequence of the fatigue 

cracks found on the support steel shells and bedplate bridges, 

see Fig. 6. It seems clear that cracks have started at the sites 

pointed out by the white arrows on surface, from where 

samples Nos. 1 and 2 were collected, therefore the crankshaft 

fatigue process is after the cracking of the support steel shells 

and bedplate bridges. These steel shells were placed into the 

aluminium casting mold. 

 It is clearly shown that fatigue is the dominant 

mechanism of failure. All fractured parts resulted from the 

weakness of two main journal bearings as a consequence of 

the crack initiation on back side of the support steel shells and 

cracking of the bedplate bridges. During this fatigue process 

and after failure of steel shells, the bedplate bridges came 

under cyclic bending, with significant amplitude level, until 

the complete fracture. As result the crankshaft suffered an 

amplitude bending increasing which is also shown by the 

ratchet marks left on the crack initiation zone. 

III. CONCLUSIONS 

A failure crankshaft of a diesel motor was analyzed. Fatigue 

is the dominant process of all fractured parts and alternating 

bending the main mechanism. Material defects or any 

misalignment of main journal bearings were not found. The 

surface crack has nucleated on crankpin-web fillet No. 6 but 

the root cause was the weakness of two central steel shells 

and bedplate bridges that has yielded by cracking. The 

crankshaft bending amplitude increases from the weakness of 

cracked steel shells and also the bridges of the bedplate which 

are beneath them. The catastrophic failure of crankshaft 

seems to be a consequence of poor design of steel support 

shells and bedplate bridges. If the manufacturer improve the 

design this issue will be solved. 
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