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Abstract.  In the present study it is shown how to 
change the main indicators of vibrations of crankshaft, in 
case of changing its masses. In the study it was taken the 
crankshaft of diesel engine with 4 cylinders in line with 
five main journals. To study the torsional vibration of the 
crankshaft system, the first it is carried the construction 
of equivalent reduced scheme with five discs connected 
to four flexible shafts.  Results show that the reduced 
inertia moments of disks for the case with counterbal-
ances grow to 24%. Free frequency and vibration forms, 
is calculated by using Holxer-Tole method. Results show 
that the increase of counterbalance mass leads in the 
reduction of vibration frequency. For the crankshaft with 
counterbalance the vibration form does not change, but 
the forced vibration amplitudes increase over 11%. Most 
charge part in torsion, remains the fifth shaft equally as 
the crankshaft without counterbalance. 

Introduction

Figure 1: The crankshaft of tractor 75 D. 
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1 Construction of the 

Equivalent System 

• Determination of reduced inertia moments of disks  
• Determination of reduced rigidities of connecting 

elastic shaft. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Schema of counterbalance. 
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Figure 3: Reduced scheme to calculate crankshaft  
vibrations of counterbalance. 

2 Frequencies and Free 
Vibration Forms of Crankshaft  

 – 
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Inertia 
moment 
[ kg m2] 

The first 
free fre-

quency, 1 

Relative ampli-
tudes 

The second 
free  

frequency, 2

Table 1: Two first frequencies and relative amplitudes. 

Figure 4: Change of the vibration frequency by increase 
of inertia moment. 

Figure 5: Two forms of free vibration of the crankshaft 
system. 

The vibration forms for the first frequencies for crank-
shaft

3 Critical Speeds of Engine 

                

                

There: 

 - average torque  
 - amplitude of order harmonic k  

  - angular speed of the crankshaft   
 – frequency of order  harmonic k  
 – initial phase of order harmonic k  
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Table 2: Relative works of harmonics. 

Table 3: Most dangerous critical speeds n10, n12. 

Vibration amplitudes 
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Table 4: Each Resonance vibration amplitudes of the 
first crank. 

 
Figure 6: Critical speeds and resonance vibration 

amplitudes  

4 Discussion 

Table 5: Vibration amplitudes of the first crank of  
crankshaft.  
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5 Conclusions 
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