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ABSTRACT  
 
 Samand car is one of the most circulation car in Iran and its engine is known as a national engine of Iran. So 
keeping it updated and optimized contain of high importance. One of the important issues in internal combustion 
piston engines that can be seen, is vibrations of the engine components that is applied by the forces and 
moments. Since the crankshaft is one of the main parts of the engine, crankshaft vibration analysis in this study 
has been studied. 
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Introduction  
 
 One of the important issues in internal combustion piston engines could be seen on the vibrations and 
vibrations forces and moments are applied to engine components. Essentially, in all objects that have mass 
vibrations can be. 
 For reasons such as movements in the linear reciprocating internal combustion engine piston-connecting 
rod mechanism bending waveforms and crankshaft torsion vibrations, tensional vibrations of the piston in the 
piston mechanism with high-frequency vibrations caused by combustion of fuel in the combustion chamber of 
the rotor systems such as gears and belts and … the entire engine will cause unwanted shivering subsequent 
phenomena such as sudden fatigue failure in components, parts and additional noise and nuisance to the same 
reasons that it seems necessary to check the engine vibration [1]. And since the crankshaft is one of the main 
parts of the engine crankshaft vibration analysis in this study has been studied. 
 
Materials and Methods 
 
 There are generally two categories for the vibrations the free vibrations and forced vibrations, free 
vibrations occur when the system is under the action of oscillating systems and their inherent forces external 
forces there are controversial. 
 System that have free vibrations with a swing or a natural multi frequency, these frequencies are dynamical 
systems that with distributed mass and stiffness properties can then be determined [3]. 
 All systems that have mass and elasticity can be whit free vibrations, the vibrations that occur in the 
absence of external stimulus. The first issue that should be considered in these systems is the natural frequency. 
Mira normal value has little impact on the natural frequency and it can be dropped in the calculation [3]. 
 Vibrations that occur under controversial foreign forces are called forced vibrations, when the controversial 
operating system is oscillating with frequency, oscillation can be controversial if the impulse frequency of the 
system natural frequency is resonance mode occurs and may be dangerous, there are large fluctuations. Failure 
of large structures such as bridges, buildings or wings of airplanes, including thus the calculation of natural 
frequencies on the resonance vibrations is very important in the study [3]. 
 
Determining the natural frequency of the crankshaft in the case of boundary conditions free – free: 
 
 Using the finite element model and the properties natural frequency of the ingredients in a free –free state 
and without imposing boundary conditions can be extracted. 
 
Modeling: 
 
 Modeling of Samand crankshaft has been done in MSC / Patran software. Then, by using the tetrahedral 10-
node elements was meshed. 
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 The total numbers of elements in the model were 187629 and total numbers of nodes were 278363. 
Crankshaft is made of ductile iron, which is listed in Table 1. These properties were applied in Msc/Patran 
software.

 
Fig. 1: Modeled and meshed crankshaft in Msc/Patran software. 
 
Table 1: Properties of Crankshaft. 

Elasticity Module 1/75 ×103 
Poison Ratio 0/3 

Density (Kg/m3) 7100 

 
Critical speed: 
 
 As was said in introduction, if the natural frequency of the crankshaft equals to or even close to the 
oscillating frequency stimulus or one of its harmonics the resonance phenomenon occurs. So working in the 
engine speed which this phenomenon occurs is very dangerous and this speed is called critical velocity. In order 
to extract the critical speed of the crankshaft can be used from the following equation [2]. 

q

f.60
w a

crtical                                                                 (1)  

Where 
fa = natural frequency of the crankshaft HZ 
q = order of the rotational speed (1/2, 1 1/2, 2, 2 1/2, ….) 
Wcritcal: critical speed of engine (r.p.m) 
Since the crankshaft is rotating, so check with state torsion resonance modes is more important than bending 
resonance modes [2]. 
 
Results: 
 
 Crankshaft vibration analysis was done to determine the natural frequencies of the free–free state whit use 
of the finite element model and the properties of the ingredients and without applying boundary conditions, and 
natural frequencies in the free-free state were extracted. Figure 2 shows some of Natural Frequency of 
Crankshaft in Free-Free State. 
 
Table 2: Natural Frequency of Crankshaft in Every Mode Shape. 

 
Number of 

Mode 

 
Type of 
Mode 

 
Natural 

Frequency 
(Hz) 

Critical 

(rpm) 

2
1q 

Critical 

(rpm) 

1q 

Critical 

(rpm) 

2

1
1q 

Critical 

(rpm) 

2q 

Critical 

(rpm) 

3q 

Critical 

(rpm) 

4q  

1 Bending 326.07 39128.4 19564.2 13042.8 9782.1 6521.4 4891.05 
2 Bending 447.19 53662.8 26831.4 17887.6 13415.7 8943.8 6707.85 
3 Bending 728.6 87432 43716 29144 21858 14572 10929 
4 Bending 755.96 90715.2 45357.6 30238.4 22678.8 15119.2 11339.4 
5 Torsion 881.13 105735.6 52867.8 35245.2 26433.9 17622.6 13216.95 
6 Bending 1024.8 122976 61488 40992 30744 20496 15372 



3306 
J. Appl. Sci. Res., 8(7): 3304-3307, 2012 

 

B. Mode shape of second frequency 
 A. Mode shape of first frequency 

  

 
D. Mode shape of forth frequency 

 
C. Mode shape of third frequency 
 

F. Mode shape of sixth frequency  
E. Mode shape of fifth frequency 

 
 
Fig. 2: Natural Frequency of Crankshaft in Free-Free State. 

 
 In Table 2, the natural frequency and critical speed of the crankshaft in a free–free state for each mode is 
shown, in the second column type of mode (torsion or bending mode) is shown, and in third column natural 
frequency, and in other column critical speeds of crankshaft for different order of q have been shown.  
 
Critical speed: 
 
 Because crankshaft has rotational movement torsion mode are much more important than the bending 
modes [2]. As seen in Table 2 in the first six mode of crankshaft only the fifth mode is torsion mode. 
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Discussion:  
 
 As it mentioned only fifth mode (in table 2) is torsion mode, and so it is important. As table shows natural 
frequency in this state is 881/13 and lowest rotational speed (In q=4) is 13216.95 rpm. Maximum rotational 
speed of Samand engine is 6200 rpm. So it is quite clear that the crankshaft has not a resonance phenomenon in 
the range of work experience. 

 

 
Fig. 3: Fifth Mode Shape of Crankshaft that is Torsion. 
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