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Abstract: The torsional vibration is an important component of the fracturing pump truck, and it is 
also one of the important sources of the vibration noise. It is necessary to study the control of the 
torsional vibration of the fracturing pump crankshaft system. In this paper, a torsional shock 
absorber with silicone oil damping is designed for the fracturing pump crankshaft system to reduce 
the torsional vibration of the system. The inertia ring of the torsional shock absorber is designed by 
the empirical method. The preliminary parameters of the torsional shock absorber are obtained and 
the appropriate type of silicone oil is selected. Then, based on the numerical method and the 
standard particle swarm optimization (PSO) algorithm, the torsional vibration responses of the 
system before and after optimizing the torsional shock absorber are analyzed and compared. The 
statistical results indicate that the optimal torsional shock absorber is more effective for the 
torsional vibration reduction of system. 

1. Introduction 
The fracture, which is the key technology to realize the development of the shale oil and gas, is 

usually used to increase the reservoir permeability and the productivity of oil wells [1]. The fracturing 
pump truck is the crucial equipment for the fracturing technology, whose function is to fracture the 
formation by injecting fracturing fluids with high pressure and large displacement and squeeze the 
proppant into the formation fracture. 

The 3000HP fracturing pump truck has been widely applied to the large-scale fracturing 
operations in North America. The increase of the pressure and displacement of the fracturing pump 
puts forward higher requirements for the performance and control of the torsional vibration of the 
transmission shaft in the fracturing pump truck. The explosive force of gas and reciprocating inertia 
force generated by the engine under high power and high operating pressure could result in sharp 
increase of the amplitude of each harmonic exciting torque, which means that the torsional vibration 
obviously appears in the transmission shaft in the fracturing pump truck.  

Zhu et al. [2] measured the torsional stress of the engine in a cargo vessel by using the 
experimental method and then determined its barred speed range. Sun et al. [3] analyzed the 
influence of the rotational inertia of the flywheel on the torsional vibration of compressor shafting 
by using the multi-body dynamics simulation method. To minimize the torsional vibration 
transmission between shafts adaptively to the dynamic disturbance, Lee et al. [4] designed a stiffness 
variable flexible coupling using magnetorheological elastomer. Based on the radial basis function 
(RBF) neural network and genetic algorithm (GA), Liu et al. [5] optimized the maximum the 
directional factor of critical modes to improve the torsional vibration of compressor shafting. To 
obtain the reasonable matching type of silicone oil shock absorber, Wang et al. [6] developed a 
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method based on the fuzzy analytic hierarchy process to construct a matching optimization evaluation 
system for silicone oil shock absorbers. 

Since the working environments of fracturing pumps are complicated and changeable, the 
torsional vibration problem of shafts cannot be solved only by setting the barred speed range. The 
frequency adjustment method, which is conducted by changing the angle of the crankshaft, is 
effective for improving the torsional vibration of shafts. However, this method has a high requirement 
for the integrity of the design, and the modification of structural parameters could lead to other worse 
problems. The alternating load applying to the fracturing pump crankshaft is mainly the pressure load 
originating from the fracturing fluid, which means that the active vibration energy reduction method 
is not suitable. 

In this paper, a torsional shock absorber with silicone oil damping is designed to suppress the 
torsional vibration of the fracturing pump crankshaft system, and its parameters are optimized by 
using particle swarm optimization (PSO) algorithm.  

2. Design of torsional shock absorber with silicone oil damping 
The gap between the shell and the sealing cover of the torsional shock absorber is filled with a 

rotatable inertia ring and silicone oil. The structure of the torsional shock absorber with silicone oil 
damping is shown in Figure 1. 

 
Figure 1. Structure of the torsional shock absorber with silicone oil damping 

The inertial ratio is defined as the ratio of the rotational inertia of inertia ring to that of the original 
system, which can be expressed as follows: 
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Then, the frequency of the point A is given by Equation (2). 
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where ωn is the resonance frequency of the original system and ω 
A is the resonance frequency of the 

new system. 
The vibration amplitude of the point A is given as follows:   
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where Ast is the vibration amplitude of the original system. 
(1) Determination of the rotational inertia and the size of inertia ring 
The material of inertial ring is the forged steel, and its density is 7890 kg/m3. R3 is approximately 

equal to 0.6R2, B is about 0.3R2, and b1 and b2 are both 20.25 0.25 /125R+ . The thickness of shell 
B2 is set to 4 mm, and the radius of free end of the shaft R1 is set to 95 mm. Then, the mass of the 
inertia ring is 21.729 kg, the rotational inertia is 0.4067 kg · m2, and the inertia ratio is 0.4453. 
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(2) Determination of optimal damping value 
When the inertia ratio is determined, the optimal damping value Cd is equal to 624 N∙m∙s/rad 

according to Equation (4), and then the optimal viscous damping ratio ξ is equal to 0.3761 according 
to Equation (5). Generally, the value of Cd in the shock absorber is between 200-6000 and the value 
of ξ is between 0.02-0.63, which means that the design of torsional shock absorber meets the 
requirements. 
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(3) Determination of the viscosity coefficient of silicone oil 
Since the silicone oil is dimethyl silicone oil, the effective viscosity can be obtained by the 

empirical equation as follows: 
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where η 
R is a damping correction coefficient determined by the ratio of the inner diameter to the outer 

diameter of the inertia ring and the average shear rate. According to the literature [7], when the ratio 
of inner diameter to outer diameter of the inertia ring is 0.6 and the average shear rate is less than 700 
Rad2 / s, η 

R is equal to 0.89. According to Equation (6), the effective viscosity of silicone oil is 
9.4844e4 cs or 0.0948 m2/s. 

The nominal viscosity of silicone oil can be calculated by Equation (7). 
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where ηv is the correction coefficient for shear rate, and ηt is the temperature correction coefficient. 
Considering that the shock absorber is installed outside the machine and is close to the casing of the 
fracturing pump, the working temperature is regarded as 45℃. According to the literature [7], the 
nominal viscosity of silicone oil is 1.64e5 cs or 0.164 m2/s when ηv is  0.86 and ηt is 0.67. 

Due to the high power of fracturing pump, heavy vibration, and wide range of 
working temperature, the working temperature whose value is selected as 45℃ is relatively low. 
However, the calculated nominal viscosity is still high. This is because the design of the inertia ring is 
unreasonable. In other words, the effective viscosity value is larger if the ratio of R3 to R2 is larger and 
the correction coefficient η 

R is smaller. Additionally, Equation (7) shows that the thickness of the 
inertia ring has a significant effect on the effective viscosity.  

Therefore, reducing the outer diameter R2 of the inertia ring and increasing the thickness B of the 
inertia ring can be considered in further optimization design. 

(4) Check for heat dissipation area 
The heat dissipation area is the outer surface area of the inertia ring, whose value is 0.1937 m2. The 

energy consumed by each vibration cycle of the shock absorber has an upper limit Ed. The upper limit 
Ed can be calculated by Equation (8). 
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The relationship between energy consumed and power is shown by Equation (9). 
  ( )dE W

2πdW ω
=                                   (9) 

According to Equation (9), the power is equal to 16.9 W and the power consumption per unit area 
is equal to 87.32 W/m2. This value is far less than 6.39 kW/m2, which indicates that the design is 
reasonable. 

Finally, the design parameters of the torsional shock absorber are obtained as shown in Table 1. 
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Table 1 Design parameters of the torsional shock absorber 

Parameters Value Parameters Value 
Inertial ring outer radius (mm) 

 165.90 Effective viscosity of silicone oil (m2/s) 0.0948 

Inertial ring inner radius (mm) 99.538 Nominal viscosity of silicone oil (m2/s) 0.164 

Inertial ring weight (kg) 21.7291 Dissipation area (m2) 0.1937 

Inertial ring rotational inertial (kg∙m2) 0.4067 Damping value (N∙m∙s/rad) 624 

Gap of silicone oil (mm) 0.538 Outer radius of shock absorber (mm) 170.435 

Inertial ring thickness (mm) 49.77 Inner radius of shock absorber (mm) 95 

Inertia ratio 0.4453 Damping ratio 0.3761 

3. Parameter optimization of torsional shock absorber based on PSO  
In this paper, to complete the preliminary design of the torsional shock absorber with silicone oil 

damping, the inertia ring is designed by using the empirical method, all design parameters are 
calculated, and the type of silicone oil is selected. Since the inertia ratio is the most influential 
parameter in the entire design process, the optimal inertia ratio should be first determined according 
to the fixed frequency and amplitude amplification coefficient curve of the original system, and then 
the size of inertia ring size should be designed. Therefore, the standard particle swarm optimization 
(PSO) algorithm is used to optimize parameters of the torsional shock absorber to obtain better design 
parameters and corresponding torsional vibration response. 

3.1 Particle swarm optimization 
(1) Parameter settings  
The parameters of PSO are provided in Table 2. 

Table 2 Parameter settings of PSO 

Parameters Value Parameters Value 

Upper limit of radius ratio 0.65 Upper limit of connection stiffness 2×106 

Lower limit of radius ratio 0.25 Lower limit of connection stiffness 1×106 

Upper limit of thickness diameter ratio 0.6 Lower speed limit 1 

Lower limit of thickness diameter ratio 0.2 Lower speed limit -1 

Inertia weight w 0.6 Group dimension 3 

Learning coefficient C1 2 Particle swarm size 100 

Learning coefficient C2 2 Maximum number of iterations 500 

Minimum fitness 0.01   

(2) Evaluation of each particle  
The fitness values of all particles are calculated. If the fitness value of a particle is better than 

current global optima, the position of the particle is recorded and the current global optima is updated 
[8]. 

(3) Update of particle 
The velocity of particle is updated as follows: 

( ) ( )1
1 1 2 2

t t t t t t
id id id id gd gdv v c r p x c r p xω+ = + − + −                     (10) 
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The position of particle is updated as follows: 
1 1t t t

id id idx x v+ += +                                (11) 

where vt 
id and vt+1 

id  are the velocity of particle before and after the update respectively. r1 and r2 are 
both the random number distributed on [0, 1]. xt 

id and xt 
id are the position of particle before and after 

the update respectively. pt 
id and pt 

gd are the individual optimal position and the global optimal 
position, respectively. 

During the process of updating the velocity of particle, the value of corresponding boundary is 
adopted if the velocity goes beyond the boundary. As can be seen from Equation (11), the 
participation ratio of the velocity of particle is related to the inertial weight. If the inertial weight is 
large, PSO has a strong global search capability; otherwise, PSO has a strong local search capability 
[8]. 

(4) Check whether the termination conditions are met. 

3.2 Torsional vibration response before optimizing torsional shock absorber 
According to the lumped mass parameter system of the torsional shock absorber and the original 

system, the lumped mass parameter model of new system can be constructed as shown in Figure 2. 

 
Figure 2 Lumped mass parameter model of new system 

In Figure 2, J 
x is the equivalent rotational inertia of the torsional shock absorber, which can be 

obtained by Equation (12): 

2
d

x h
JJ J= +                                  (12) 

where Jh is the rotational inertia of the sealing cover and shell (kg∙m2); Jd is the rotational inertia of 
the inertia ring ((kg∙m2). As mentioned above, Jd is 0.4067 kg∙m2, Cd is 624 N∙m∙s/rad, and Kd is the 
connection stiffness between the torsional shock absorber and the free end of the crankshaft. The 
connection stiffness of the torsional shock absorber has a significant impact on the torsional 
vibration reduction [9]. Therefore, it is necessary to calculate the amplitude of the torsional 
vibration response under different connection stiffness to find the optimal connection stiffness. As 
shown in Figure 3, different connection stiffness corresponds to different maximum torsion angles.  

 
Figure 3 Maximum torsional angle under different connection stiffness 

It can be concluded that the torsional shock absorber has the best effect of torsional vibration 
reduction when the connection stiffness is about 1.126×106Nm/rad. 
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The three-dimensional models of the free end of the crankshaft, the sealing cover of the torsional 
shock absorber, and the shell are established, and then the rotational inertias of the shell and the 
sealing cover are calculated as 0.179 kg∙m2. However, the rotational inertias of the shell and the 
sealing cover are calculated as 0.1772 kg∙m2 by using the numerical method. The reason for this error 
is that the minimum accuracy of 3D modeling software is 0.01mm. In this work, the result obtained 
by the numerical method is adopted. Thus, the ratio of the rotational inertia of the ring to the shell and 
the sealing cover is 2.295 and it is within the range of 1.25 to 2.86, which indicates the design is 
reasonable. According to Equation (12), we can note that the equivalent rotational inertia of the 
torsional shock absorber is 0.3805 kg∙m2. When solving the torsional vibration response of the 
original system, the mode proportional damping is used to replace the damping of the original system, 
and the modal damping ratio is a constant whose value is 0.01. 

The lumped mass parameter model of new system is constructed. Then, the torsional vibration 
responses of the free end of the crankshaft are obtained by the modal superposition method for the 
new system and the original system [10].  

 
Figure 4 Comparison of responses before and after adding the torsional shock absorber 

As shown in Figure 4, after adding the torsional shock absorber, the torque angle of the free end is 
significantly decreased, and the maximum torque angle is 0.2249°. Compared with the maximum 
torque angle before adding the torsional shock absorber, the maximum torque angle after adding the 
torsional shock absorber has decreased by 65.31%. Thus, the design of the torsional shock absorber 
can effectively reduce torsional vibration of the system. 

3.3 Torsional vibration response after optimizing torsional shock absorber 
To minimize the amplitude of the torsional vibration response, the objective function is established 

as shown in Equation (13). 
( ) [ ] ( )rt u tθ θ=                                    (13) 

where [u] is the modal matrix of the lumped mass parameter model. 
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The PSO algorithm is executed for 30 times. The minimum amplitude of the torsional vibration 
response and the corresponding parameters of the torsional shock absorber are recorded in Table 3. 
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Table 3 Optimal parameters of the torsional shock absorber and torsional vibration response 

NO. Radius ratio Thickness diameter ratio Connection stiffness Amplitude (deg) Optimization rate (%) 

1 0.55 0.28 1.78×106 0.2164 3.78 

2 0.62 0.60 1.78×106 0.2164 3.78 

3 0.54 0.25 1.78×106 0.2164 3.78 

4 0.54 0.26 1.78×106 0.2164 3.78 

5 0.60 0.50 1.78×106 0.2164 3.78 

6 0.59 0.45 1.78×106 0.2164 3.78 

7 0.59 0.47 1.78×106 0.2164 3.78 

8 0.54 0.25 1.78×106 0.2164 3.78 

9 0.57 0.34 1.78×106 0.2164 3.78 

10 0.60 0.51 1.78×106 0.2164 3.78 

11 0.61 0.57 1.78×106 0.2164 3.78 

12 0.60 0.48 1.78×106 0.2164 3.78 

13 0.60 0.48 1.78×106 0.2164 3.78 

14 0.58 0.43 1.79×106 0.2112 6.09 

15 0.56 0.32 1.78×106 0.2103 6.49 

16 0.57 0.31 1.78×106 0.2103 6.49 

17 0.52 0.20 1.78×106 0.2103 6.49 

18 0.61 0.58 1.78×106 0.2103 6.49 

19 0.61 0.54 1.78×106 0.2103 6.49 

20 0.61 0.58 1.78×106 0.2103 6.49 

21 0.58 0.39 1.78×106 0.2103 6.49 

22 0.58 0.39 1.78×106 0.2103 6.49 

23 0.57 0.38 1.78×106 0.2103 6.49 

24 0.57 0.35 1.78×106 0.2103 6.49 

25 0.54 0.26 1.78×106 0.2103 6.49 

26 0.62 0.59 1.78×106 0.2103 6.49 

27 0.62 0.60 1.78×106 0.2103 6.49 

28 0.61 0.55 1.78×106 0.2103 6.49 

29 0.53 0.22 1.78×106 0.2103 6.49 

30 0.54 0.25 1.78×106 0.2103 6.49 

As can be seen from Table 3, there are 13 optimization rate of 3.78%, one optimization rate of 
6.09%, and 16 optimization rate of 6.49%. Compared with the torsional vibration response before 
adding the torsional shock absorber, the torsional vibration response after adding the optimal 
torsional shock absorber has decreased by 66.02%. 
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Considering that the nominal viscosity of silicone oil and the effective viscosity of silicone oil are 
relatively high in the preliminary design, the result that the inertia ring has a larger thickness is 
selected from the 16 optimal results. Among these results, the parameters in groups 18, 19, 20, 26, 27, 
and 28 meet the design requirement. 

The damping effect of the optimal torsional shock absorber is significantly enhanced, which 
proves that the parameter optimization of the torsional shock absorber based on PSO algorithm is 
effective and feasible. 

4. Conclusions 
According to the structure of fracturing pump crankshaft system, the torsional shock absorber 

with silicone oil damping is designed in this paper. The inertia ratio, optimal damping value, nominal 
viscosity, heat dissipation area, and other design parameters are obtained in detail. Moreover, the 
crucial parameters of the torsional shock absorber are optimized by using the standard PSO 
algorithm. The torsional vibration responses of the system before and after optimizing torsional 
shock absorber are calculated and compared with those of the original system. The statistical results 
indicate that the torsional shock absorber has a significant suppression effect on torsional vibration 
of the system, and the suppression effect is improved by using optimal torsional shock absorber. 
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