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1. Introduction 

Diesel engine has high thermal efficiency, good 

adaptability and wide power range, and is the main power 

source of power machinery in the current national econo-

my and national defense construction. Especially in the 

Marine transportation industry, high-power diesel engine 

occupies a dominant position because of its excellent 

working performance [1-3]. Crankshaft is a key component 

of diesel engine, which is figuratively likened to the 

"backbone" of the engine [4]. Its structure is complex, the 

cost is high, the working environment is harsh, and it is 

subjected to the effect of bending and torsion alternating 

load and vibration during the working process. Its perfor-

mance has a direct impact on the overall performance of 

the engine [5-9]. With the increasing power of diesel en-

gine, the requirements for crankshaft are more stringent, so 

the vibration and strength analysis of crankshaft is particu-

larly important [10-12]. 

In recent years, the maturity of computer tech-

nology has enabled the rapid development of finite element 

method and virtual prototype method, which has made 

breakthrough progress in the research of dynamic and stat-

ic characteristics analysis of crankshaft [13-17]. Singh et al. 

[18] carried out static analysis of the crankshaft of a 

four-cylinder engine based on ANSYS, and optimized the 

design of the crankshaft from the aspects of stress and 

mass. Fonte et al. [19] evaluated the fatigue life of crank-

shaft of Marine diesel engines and analyzed the possible 

causes of damage in combination with the example of 

crankshaft failure. Aliakbari et al. [20] established a non-

linear three-dimensional stress analysis model using the 

elastic-plastic finite element method, estimated the stress 

field of the crankshaft under cyclic bending load and fixed 

torsional load, and compared it with the experimental study. 

Faria et al. [21] developed a program for rapid determina-

tion of fatigue strength of crankshaft through thermal im-

ager method, which can replace traditional fatigue meas-

urement methods and improve the efficiency of evaluating 

fatigue strength of crankshaft. Baragetti et al. [22] studied 

the influence of residual stress after crankshaft nitriding 

treatment on fatigue strength through numerical simulation 

and test, and proposed a method to measure residual stress 

of crankshaft by bending strain measurement. Ding et al. 

[23] adopted professional programming software to realize 

dynamic calculation and analysis of diesel engine crank-

shaft on the basis of traditional algorithms, calculated the 

bending and torsional load of crankshaft, and checked the 

fatigue strength of crankshaft. Fu et al. [24] established a 

finite element model with ANSYS to study the defor-

mation and stress of the crankshaft and conduct modal 

analysis of the crankshaft, providing sufficient theoretical 

basis for the optimization design of the engine. Wang et al. 

[25] used EXCIT software to establish a flexible mul-

ti-body dynamic coupling model, carried out high-cycle 

fatigue analysis according to the dynamic calculation re-

sults, and calculated the crankshaft safety factor to check 

the crankshaft strength. Qin et al. [26] put forward the 

simulation method and theory of the quenching process to 

analyze the fatigue strength of the crankshaft section, and 

the calculated results are consistent with the resonance 

bending fatigue test of the crankshaft section. With the 

continuous development of diesel engine to reduce fuel 

consumption, pollution and noise, improve working relia-

bility and prolong service life, the study of diesel engine 

crankshaft static and dynamics has important engineering 

significance and application value. 

In this paper, the crankshaft system of NL9340 

high-power diesel engine was as the research object. Firstly, 

three-dimensional modeling is carried out, and then the 

inherent frequency and vibration mode of the crankshaft 

are calculated through the finite element free mode simula-

tion analysis. On this basis, the rigid-flexible coupling fi-

nite element simulation model of the crankshaft system is 

established, and the dynamic and kinematic simulation 

analysis of the crankshaft system is carried out. By using 

the calculated pressure load spectrum of the crankshaft in 

the steady state process, the boundary conditions are set up, 

and the static simulation model of the crankshaft is estab-

lished to simulate and analyze its static strength. The study 

of the dynamic and static characteristics of the crankshaft 

system of high-power diesel engine can provide reference 

for the optimization of the crankshaft structure, and pro-

vide reference for the economic and reliability design of 

the crankshaft. 
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2. Crankshaft Finite Element Modeling 

The crankshaft structure of NL9340 high-power 

diesel engine is a straight nine-cylinder layout, which is 

composed of nine single turn crankshaft, free end and out-

put end. The crankshaft geometric model of the crankshaft 

is shown in Fig. 1. Tetrahedral mesh was adopted, and the 

mesh of key parts such as the transition corner between the 

shaft neck and the crank arm was refined. The mesh size 

was set to 50 mm, the total mesh number was 55781, and  

 

Fig. 1 The crankshaft geometry model 

the number of nodes was 89611. The crankshaft material is 

42CrMo with a density of 7850 kg/m3, A Poisson's ratio of 

0.28 and an elastic modulus of 212 GPa. 

3. Crankshaft Free Mode Analysis 

Engine resonance is usually easier to occur at low 

order frequencies, so the frequency and patterns of the first 

14 order harmonics were calculated. Since the inherent 

frequency of the first 6th order modes is almost 0, it can be 

regarded as a rigid body mode, and the non-zero first order 

mode is actually the 7th order mode. The inherent fre-

quency and mode characteristics of each mode of the 

crankshaft order 7-14 are shown in Table 1. The inherent 

frequency of the non-zero mode of the crankshaft is in the 

range of 21-125 Hz. 

The order 7-14 mode of crankshaft is shown in 

Fig. 2, where the coordinate system X direction is the ver-

tical direction of piston movement, Y direction is perpen-

dicular to the vertical motion direction, and Z direction is 

the direction of the crankshaft axis. The vibration modes of 
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Fig. 2 Crankshaft mode diagrams: a – the 7th order, b – the 8th order, c – the 9th order, d – the 10th order, e – the 11th or-

der, f – the 12th order, g – the 13th order, h – the 14th order 
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Table 1 

Crankshaft inherent frequency and vibration pattern 

Mode 

order 

Inherent fre-

quency, Hz 
Mode characteristics 

7 20.640 
First-order bending vibrations in the 

YOZ plane 

8 20.907 
First-order bending vibrations in the 

XOZ plane 

9 52.442 
Second-order bending vibrations in the 

YOZ plane 

10 57.550 
Second-order bending vibrations in the 

XOZ plane 

11 99.331 

Coupling vibration of third-order 

bending in the XOZ plane and twisting 

around the Z-axis  

12 102.130 

Coupling vibration of third-order 

bending in the YOZ plane and twisting 

around the Z-axis 

13 120.920 

Coupling vibration of second-order 

bending in the YOZ plane and twisting 

around the Z-axis 

14 125.220 

Coupling vibration of second-order 

bending in the XOZ plane and twisting 

around the Z-axis 

 

the lower order 7-10 are mainly the first or second order 

bending vibration in the plane, while the vibration modes 

of the order 11-14 are the coupling vibration of bending in 

the plane and torsion around the Z axis. 

4. Analysis of Dynamics in the Crankshaft System 

 

4.1. Rigid-flexible coupling finite element modeling 

In this paper, the flexible treatment of the crank-

shaft was carried out, and the dynamic model of the 

crankshaft system is shown in Fig. 3. According to the ac-

tual movement of the crankshaft system, 9 connections 

between the camshaft journal and the connecting rod ro-

tating pair, 9 connections between the outer end of the pin 

shaft and the piston rotating pair, 9 connections between 

the middle section of the pin shaft and the connecting rod 

rotating pair, 2 connections between the support bearing 

and the camshaft journal rotating pair, 2 cylindrical pairs 

between the piston and the fixed end, and 2 support fixed 

ends. The specific constraints and support conditions are 

shown in Table 2. 

To set the boundary conditions of the crankshaft 

system, the pressure curve in the cylinder during the 

working cycle must be obtained. In this paper, the rated 

speed is 650 r/min, the rated power is 5400 kW, and 100 % 

of the load is used. Take the rotation Angle of 0.5 ° crank-

shaft as the step length, and measure the crankshaft rota-

tion of 720 °, that is, the curve of the gas pressure in the 

engine cylinder in a working cycle with the angle changes, 

as shown in Fig. 4. 

Table 2 

The specific constraints and support conditions 

9 connections between the 

camshaft journal and the 

connecting rod rotating pair 

9 connections between 

the outer end of the pin 

shaft and the piston ro-

tating pair 

9 connections between 

the middle section of the 

pin shaft and the con-

necting rod rotating pair 

2 connections between the 

support bearing and the cam-

shaft journal rotating pair 

2 cylindrical pairs 

between the piston 

and the fixed end 

 

 
 

 

  
 

 

2 support fixed ends 

 
 

 

Fig. 3 Rigid-flexible coupling finite element model of the 

crankshaft system 

According to the ignition sequence 

1-6-8-2-5-7-3-4-9 of NL9340 high-power diesel engine, 

the aerodynamic force as an external load is loaded on the 

 

Fig. 4 In-cylinder pressure curve under rated engine condi-

tion 
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Fig. 5 Pressure curve of each cylinder under rated engine 

condition 

top of each piston along the direction of the cylinder axis. 

The pressure curve of 9 cylinders of the engine under rated 

working conditions is shown in Fig. 5. The rotation speed 

was created on the crankshaft rotation pair to set the engine 

to run at 650 r/min, converted to 68.03 rad/s, with a calcu-

lation time of 0.18462 s. The explicit dynamic analysis was 

used for the solver. To improve the convergence of simula-

tion calculation, the initial step was set to 5 e-5, the mini-

mum step was set to 1 e-10, and the maximum step was set 

to 5 e-5. 

4.2. Analysis of the crankshaft system dynamics 

In the rigid and flexible coupling model, the pis-

ton and piston connecting rod are rigid, and the crankshaft 

is flexible, so under the action of external load, the con-

necting rod and piston will not deform, but the crankshaft, 

as a flexible long rod, will bend and twist deformation un-

der the action of the external load. Fig. 6 shows the force 

diagram of the connecting rod journal. It can be seen that 

the load spectrum amplitude of the connecting rod journal 

1 to 9 mainly fluctuates within the range of 20000 kN in 

one working cycle of the engine. 

The maximum exciting force load of each journal 

can be known from the obtained load spectrum of con-

necting rod journal. The maximum exciting force of the 

connecting rod journal is about 20000-30000 kN, of which 

the first connecting rod journal and the second connecting 

rod journal are subjected to significant loads, the maximum 

exciting force of the first connecting rod journal is 

33665 kN, the maximum exciting force of the second con-

necting rod journal is 30674 kN, the maximum exciting 

force of the third connecting rod journal is 19379 kN, and 

the force is the least. The maximum exciting force of the 

fourth link journal is 21308 kN, the maximum exciting 

force of the fifth link journal is 23341 kN, the maximum 

exciting force of the sixth link journal is 20054 kN, the 

maximum exciting force of the seventh link journal is 

26214 kN, the maximum exciting force of the eighth link 

journal is 26127 kN, and the maximum exciting force of 

the ninth link journal is 26283 kN. 

Fig. 7 shows the force diagram of nine piston pins. 

It can be seen that the load of each piston pin mainly fluc-

tuates within the range of 20000 kN, and the force of the 

first piston pin and the second piston pin is the most obvi-

ous. 

4.3. Kinematic analysis of the crankshaft system 

Fig. 8 and Fig. 9 are the displacement curves and 

velocity curves of the nine pistons respectively. It can be 

seen from the figure that the trend of the displacement 

curve of each piston shows a periodic simple harmonic 

curve, and the trend of the speed curve of each piston 
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d e f 
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Fig. 6 Force diagrams of connecting rod journal: a – first connecting rod journal, b – second connecting rod journal,  

c – third connecting rod journal, d – fourth connecting rod journal, e – fifth connecting rod journal, f – sixth con-

necting rod journal, g – seventh connecting rod journal, h – eighth connecting rod journal, i – ninth connecting rod 

journal 
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a b c 

 

d e f 

 

g h i 

Fig. 7 Piston pin force diagrams: a – piston pin 1, b – piston pin 2, c – piston pin 3, d – piston pin 4, e – piston pin 5, f – 

piston pin 6, g – piston pin 7, h – piston pin 8, i – piston pin 9 

generally presents a periodic change law. Because the die-

sel engine is in-line nine cylinder, according to the ignition 

order of the engine, the movement of piston 2 and 3 is ba-

sically the same, the movement of piston 4 and 7 is basi-

cally the same, the movement of piston 5 and 8 is basically 

the same, the movement of piston 6 and 9 is basically the 

same, the minimum displacement of each piston is 29 mm, 

the maximum displacement is 543 mm. The maximum 

piston speed can reach 38835 mm/s. 

 

Fig. 8 The piston displacement curves 

 

Fig. 9 The piston velocity curves 

Fig. 10 shows the acceleration curve of the nine 

pistons. It can be seen that the acceleration of each piston 

fluctuates within the range of 3×107 mm/s2 in general. Pis-

ton 1 shows a maximum acceleration of 2.98×107 mm/s2, 

Piston 2 is of a maximum acceleration of 2.91×107 mm/s2, 

A maximum acceleration of piston 3 is 2.75×107 mm/s2, 

The maximum acceleration of piston 4 is 1.95×107 mm/s2, 

Piston 5 has a maximum acceleration of 2.43×107 mm/s2, 

Piston 6 is of a maximum acceleration of 1.96×107 mm/s2, 

Piston 7 has a maximum acceleration of 2.37×107 mm/s2, 

Piston 8 has a maximum acceleration of 1.97×107 mm/s2, 

Piston 9 is of a maximum acceleration of 2.93×107 mm/s2. 

5. Crankshaft Static Mechanical Analysis 

According to the finite width oil film distribution 

law, the maximum load value of each cylinder of the en-

gine was applied to the connecting rod journal by using 

the load spectrum obtained by dynamic simula-

tion. Fig. 11 is the equivalent stress distribution cloud dia-

gram of the crankshaft. It can be seen that the stress is the 

greatest and most concentrated at the over-rounded corner 

between the connecting rod journal and the crank, followed 

by the over-rounded corner between the main journal and 

the crank, indicating that the crankshaft is most prone to 

failure in these areas. It can be seen from the clouddia-

grams of the local equivalent stress of each cylinder of the 

crankshaft that the equivalent stress at the second cylinder 

is the largest, and the equivalent stress value is 

14.103 MPa 

The deformation cloud map of the crankshaft is 

shown in Fig. 12. It can be seen that the average defor-

mation of the crankshaft is 4.4703 e-3 mm and the maxi-

mum deformation is 8.3683 e-3 mm, which appears at the 

neck of the second cylinder connecting rod. The other 

places with a larger deformation are the necks of the fifth 

and sixth cylinder connecting rod, respectively. 
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a b c 

 

d e f 

 

g h i 

Fig. 10 The piston acceleration curves: a – piston 1, b – piston 2, c – piston 3, d – piston 4, e – piston 5, f – piston 6,  

g – piston 7, h – piston 8, i – piston 9 

 

Fig. 11 Crankshaft equivalent stress distribution 

 

Fig. 12 Crankshaft deformation cloud diagrams 

6. Conclusions 

In this paper, the NL9340 high-power diesel en-

gine crankshaft system was studied by statics and dynam-

ics simulation. The conclusions are as follows. 

The finite element free mode simulation model of 

the crankshaft was established, and the inherent frequen-

cies and vibration modes of the first 14 harmonics of the 

crankshaft were calculated. The results show that the in-

herent frequency of the non-zero mode of the crankshaft is 

in the range of 21-125 Hz, and its mode is mainly mani-

fested as the bending vibration in the plane or the coupling 

vibration of bending in the plane and torsion around the Z 

axis. 

The rigid-flexible coupling finite element model 

of the crankshaft system was established. Through the dy-

namic simulation of the crankshaft system, it was calcu-

lated that the load spectrum of each cylinder connecting 

rod journal and piston pin mainly fluctuates within the 

range of 20000 kN, in which the first connecting rod jour-

nal and the second connecting rod journal have obvious 

forces, and the maximum exciting force is above 30000 kN. 

The kinematic characteristics of displacement, velocity and 

acceleration of each piston are analyzed. 

The static simulation model of the crankshaft was 

established, and the results show that the stress is the larg-

est force and most concentrated at the over-rounded corner 

between each connecting rod journal and crank, and the 

maximum equivalent stress and deformation occur at the 

second cylinder connecting rod journal, which are 

14.103 MPa and 8.3683 e-3 mm respectively. 
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Y. Xiao, H. Zhao, J. Wu, H. He, L. Wang, H. Lou, K. Liu, 

X. Ruan 

SIMULATION AND ANALYSIS OF THE CRANK-

SHAFT SYSTEM OF THE HIGH-POWER MARINE 

ENGINE 

S u m m a r y 

The crankshaft is one of the most important parts 

of the engine and is likened to the "backbone" of the en-

gine. In this paper, NL9340 high power diesel engine 

crankshaft system as the research object, the finite element 

free mode simulation model of crankshaft was established, 

and the inherent frequency and vibration mode of crank-

shaft were calculated. Through the rigid-flexible coupling 

finite element simulation of the crankshaft system, the dy-

namic and kinematic characteristics of the crankshaft sys-

tem were analyzed. It was calculated that the load spec-

trum of each cylinder connecting rod journal and piston pin 

mainly fluctuated in the range of 20000 kN, in which the 

maximum exciting forces of the first connecting rod jour-

nal and the second connecting rod journal are above 

30000 kN. On this basis, the static strength of the crank-

shaft was simulated and analyzed. The results show that 

the stress is the greatest and most concentrated at the 

over-rounded corner between connecting rod journal and 

crank. The maximum equivalent stress and deformation 

occur at the second cylinder connecting rod journal, which 

are 14.103 MPa and 8.3683 e-3 mm respectively.  

Keywords: crankshaft, modal analysis, rigid-flexible cou-

pling model, dynamic simulation, statics simulation. 
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