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Abstract: One of the problems existing in the Nissan Z24 moulding crankshaft is the cutting of this 
component because of the stresses in the crankshaft. In this research, the crankshaft of Z24 has been 
stress analyzed in full- load mode, and in two speeds of maximum torque (2800rpm) and maximum 
power (4800rpm) by the finite element method. In order to extract the amounts of forces exerting on 
crankshaft, the “Adams/engine” software was used. For modeling and applying boundary condition 
MSC/patran finite elements software was used and for analyzing the stress of crankshaft, the 
MSC/nastran finite elements software was utilized. The most tension in crankshaft was produced in the 
speed of 2800rpm and in second pin journal of crank shaft.  
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INTRODUCTION 

 
Considering the development of using internal combustion engine with diverse applications, and in order to 

improve and modify its components in vehicles, recognizing the working conditions of engine and the powers 
forced on them are among the first parameters in designing. Crankshaft, as the main sector in the internal 
combustion engine, is always exposed to the diverse, huge, immediate and variant loads, and because of this 
issue, designing, modeling and increasing its longevity has encountered several problems. Crankshaft is the 
most important piece of dynamic component which changes the reciprocating movement of piston to rotational 
movement. Most of the crankshafts are made by blacksmithing. Few of multi-cylinder engines with high rpm, 
use the crankshaft made by moulding, such as the one in the research. Because of the combustion process, the 
pressure is made periodic, which cause the mechanical stress in the crankshaft and sometime make the piece 
break. Breaking of pieces happen because of the static or alternative loads, or a hit, that is strong enough to 
break the mechanical pieces.  

 

 
 
Fig. 1: The broken crankshaft sample. 

 
In an engine under the average stress, crankshaft is made from steel or molded cast iron. The crankshaft 

with convenient design which are made from cast iron, or circular graphite (unbreakable cast iron), has more 
solidity and anti-friction and anti-corrosion comparing to other kinds of cast iron (like malible cast iron). Today, 
these crankshafts widely used in making the crankshaft of vehicles engine. 

The solidity of crankshaft can be modified by convenient designing and applying special methods of 
manufacturing (such as mechanical methods and thermal operation). Also, the points of stress concentration can 
be removed through the specific forms of various components in crankshaft, and prevent the critical stress on 
the sections of crankshaft. Today, much effort has been made regarding the modification of form and design of 
various parts of crankshaft, and consequently the increase of its resistance and a lot of experience has been 
gained in this way (Taylor, D., 1998).    
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Crankshaft stresses has been widely studied for almost a century (Pirner, I., 2002). Most stresses are on the 
edge of bearings of the crankshaft (Pirner, I., 2002). The breaks because of the concentration of the stress in 
points with diverse loadings are different (Taylor, D., 1998). In a research by Taylor et al. it was discovered that 
the breaks because of the concentration of the stress are different in points with diverse loadings. The used 
method for analyzing the stress was the finite elements method. The primary analysis was about the curving 
loadings, and the results had a 2% difference from the empirical amount. The second analysis was on the 
curvature which showed a 3% difference with the empirical amount.  

Sadeghi (2001) analyzed the stress of the crankshaft in a reciprocal air compressor in a research. First, he 
gained the forces caused by air congestion at crankshaft angle, using the thermodynamic relations. Then, the 
forces and the torques and stresses were calculated in three main components of crankshaft: main journal 
bearing, pin journal bearing, arm of the crank. The crankshaft was modeled carefully by modeling techniques, 
and its stress was analyzed in ANSYS software. Finally, the achieved results of theory method and finite 
elements methods were compared to each other. Crankshaft was analyzed in the maximum mode of torque. 
Following the analysis, the most critical points of the third pin journal bearing and the curved stair near the puli 
at the bottom of the crankshaft were identified (Sadeghi Dolat Abadi, A., 2001).  

One of the methods for analyzing the stress of crankshaft in the action is using the finite elements method. 
In the present article we calculate and discuss the stress distribution in the crankshaft of Nissan Z24 in the 
action, by the finite elements method.  

 
2.Materials and Techniques:  
2.1 Calculating Forces: 

The forces on the axis of bearings in the crankshaft, is sum of the forces caused by the gas pressure in the 
cylinder, and the inertia forces in the reciprocal parts. We have used ADAMS-engine software to calculate the 
forces on the bearing axis. Z24 engine was simulated in ADAMS-engine software (figure 2), the gas pressure 
was exerted on the pistons in different rotational speed (figure 3) and finally the forces on the bearings axis for 
different rotational speed were calculated. Resulted forces were applied to analyze the stress.  

 

 
 
Fig. 2: The simulated collection in the dynamic analyzing software ADAMS- engine. 
 
2.2 Modeling and Applying Boundary Condition: 

In MSC/PATRAN software, the crankshaft was meshed and modeled using the elements. Elements used in 
this finite elements model are quadrilateral “paver”, which were turned massive by the existing tools in this 
software, and thereby the crankshaft model was achieved. This kind of modeling is the best kind to gain the best 
results, because in this mode, the finite elements model is directly achieved. This modeling method will enable 
using smaller elements in the points of crankshaft which we expect the most concentration of tension, and also 
for determining these points and applying boundary conditions more carefully. And on the opposite, for 
reducing the analysis time in the less effective points, larger elements are used. This method of finite elements 
modeling requires too much time, but it can be neglected because of its good results (figures 3 and 4).  
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Fig. 3: The diagram of gas pressure on the piston in different rotational speed. 

 
 
Fig. 3: Finite elements model of crankshaft. 
 

 
 
Fig. 4: Sample of meshing. 
  

After the modeling, it’s time to apply boundary conditions. In this stage, first the clamps were placed in the 
backrests of the crankshaft, and then gained forces on the aforementioned model were applied, because the 
crankshaft rotates through a layer of oil which is between the journal bearing and the shell bearing in the action 
so it’s necessary to calculate the most pressure of the oil layer on the bearing axis, bearing characteristic number 
or sommerfeld number should be calculated using the viscosity and rotating speed amounts. Having sommerfeld 
number and using the current table, we can find the forces on the bearing and their application angle too. Figure 
5 shows the applying point and the way of pressuring on the sample bearing. 
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Fig. 5: The applying point and the way of pressuring on the sample bearing (Sadeghi Dolat Abadi, A., 2001). 

 
2.3 Application of Material Features: 

The crankshaft of Z24 engine is made of unbreakable cast iron. This kind of cast iron, considering the 
chemical composition is like grey cast iron, but it has less phosphorus. But when it’s freezing, graphite 
sediments spherically instead of a sheet. To prevent the friction and increase of solidity, the external surface of 
bearings has been solidified. After solidification, the perlite ground of the unbreakable cast iron changes to 
martenzite, which has a high solidity. Figure 6 shows the microscopic figure of spherical graphite distribution in 
the central areas in sample mobile bearing of Z24 crankshaft and table 1 shows the mechanical characteristic 
unbreakable cast iron as the composing material of crankshaft of engine Z24. 

 

 
Fig. 6: The microscopic figure of spherical graphite distribution in the central areas in sample mobile bearing of 

Z24 crankshaft. 
 

Table 1: The mechanical characteristic unbreakable cast iron as the composing material of crankshaft of engine Z24 (used in MSC 
software) 

Item  Value 
Tensile Stress 422 MPa 
Yield stress 686 MPa 

Modulus of elasticity 1.7 ×103 
Poison ratio 0.3 

Density  7800 Kg/m3 
Material code FCD70 

 
2.4 Stress Analysis: 

After preparation of model collection and applying the boundary conditions in MSC/PATRAN software, 
the analysis will be carried out in MSC/NASTRAN software. Then, the file of results will be reread in 
MSC/PATRAN software and its changing and also the distribution of the produced stresses will be determined.  
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3.Results: 
The highest amount of stress was seen in the rotating speed of 2800 rpm (in the highest momentum 

rotational speed of engine) and in the loading in 20 degrees after than cylinder 1 combustion to filet of second 
mobile bearing, which was equal with 102 MPA (figure 7 and 8). After that, loading in 200 degrees from 
crankshaft turning to filet of fourth mobile bearing was 86/9 Mpa in the same speed.  

 

 
 
Fig. 7: The place of highest stress in the maximum mode of output momentum in 2800 rpm rotational speed. 
 

 
 
Fig. 8: Meshed figure of the place of the highest stress in the crankshaft in the maximum output momentum in 

2800 rpm rotational speed. 
 

The highest stress in rotating speed of 4800 rpm (in the highest power rotational speed of engine) in the 20 
degrees of loading after cylinder 4 combustion to filet of second mobile bearing was 68/4 Mpa (Figure 9 and 
10).  
 
4.Conclusion And Discussion: 

The highest concentration of stress is in the edge of mobile bearing axis. Also, with analyzing the results, it 
can be observed that this stress is in the axis of second mobile bearing, and happens in the maximum 
momentum of engine.  
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Fig. 9: The place of highest stress in the maximum engine power in 4800 rpm rotational speed. 
 

 
 
Fig. 10: Meshed figure of the place of the highest stress in the crankshaft in the maximum output power in 4800 

rpm rotational speed. 
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