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Abstract: A driveshaft is a small spring coil less than 1mm in diameter, composed of several stainless-
steel wire filaments. In intervention, the driveshaft is used to transmit force and motion to the inside body 
through the existing micro channels (such as arteries, veins, and gastrointestinal tract). The performance 
of the driveshaft determines the efficiency, stability, and accuracy of force and motion transitions, the ability 
to pass through tortuous microchannels, and the damage to healthy tissues. To determine the influence of 
fabrication parameters (filament, wire diameter, and outer diameter) on the mechanical properties (such as 
bending stiffness and natural frequency) of the driveshaft, a simulation was established in ABAQUS to 
calculate the deformation displacement under 0.0098N and first-order natural frequency. Then, the 
bending stiffness is calculated. The results show that the bending stiffness and the first-order natural 
frequency of the driveshaft increase with the increase of the filament number and wire diameter, and with 
the outer diameter of the driveshaft increases, the bending stiffness increases, while the first-order natural 
frequency decreases. Finally, the simulation model is verified by measuring the deformation displacement 
in the experiment. This study provides a methodology for designing and selecting the driveshaft in 
Interventional therapy. 

Received on 03-07-2023 
Accepted on 15-08-2023 
Published on 30-08-2023 

 
Keywords: Driveshaft, 
bending stiffness, natural 
frequency, fabrication 
parameters, simulation. 

https://doi.org/10.6000/2369-3355.2023.10.01 

 

1. INTRODUCTION* 

The driveshaft is a component that intrudes into the human 
body, along the microchannel of the human being, to transfer 
the force and motion required for intervention. However, due 
to limitations of the microchannel (such as arteries and veins) 
size and tortuosity, the driveshaft has a small diameter (often 
less than 1 mm) and large length (often larger than 1300mm). 
The high length-to-diameter ratio makes the driveshaft much 
soft, which can easily cross the curved blood vessel. 
However, high stiffness is also needed to transfer the force 
and motion precisely. Additionally, the driveshaft in the heart 
and vascular system will be affected by the heart, respiration, 
blood, and complex human microchannels [1-3], causing 
deformation in the transmission process and blood vessel 
damage. Therefore, the mechanical property of the driveshaft 
is very important for the success of the intervention. 

The existing research shows that the driveshaft deviation 
results from heart beating and the lack of blood vessel wall 
support in the heart [1, 2]. The accidental movement of the 
human cardiothoracic activity and external force intervention 
will cause the driveshaft to deviate from its predetermined 
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position. The accuracy of the device tissue interaction also 
depends largely on the driveshaft's effective and reliable 
mechanical properties [3-5]. In addition, the rigid driveshaft 
cannot adapt to the complex three-dimensional structure, so 
it will form complex injuries in the cardiac portal or coronary 
sinus, leading to extremely difficult tasks to operate on 
patients with arrhythmia (because of their irregular heartbeat) 
[6-8]. According to Fujiwara et al. [9], the size of the damage 
depends on the contact force, and the contact force may 
affect the stability of the driveshaft. In addition, The driveshaft 
is coated with hydrophobic, anti-corrosion, and anti-
condensation coatings, which can realize anti-corrosion, wear 
resistance, and oxidation resistance [10]. Since the driveshaft 
is constantly bent in the operating environment, the interface 
between the coating and the driveshaft is subjected to shear 
and peeling forces, resulting in stress on the coating. Once 
the allowable stress of the coating material is exceeded, it will 
cause the coating to crack, flake, or damage. Coating 
shedding is the main wear form, which has a significant 
impact on the fracture strength of the driveshaft [11].  

When the driveshaft front-end slides along the blood vessel, it 
will collide with the blood vessel wall and will often bend and 
deform to some extent [12]. If the driveshaft is deformed too 
much, it will scratch or puncture the blood vessel wall. At this 
time, a driveshaft with lower stiffness should be selected. If 



Journal of Coating Science and Technology, 2023, Volume 10 

 

2 Li et al. 

the intracavitary device is large, a driveshaft with greater 
stiffness should be selected in order to allow the driveshaft to 
pass smoothly through the distal lesion path. When 
performing complex endovascular procedures, such as 
complex multi-stent vascular recanalization or the release of 
transplanted vessels, the high stiffness of the driveshaft 
ensures the integrity of the coating material and the corrosion 
and damage resistance of the driveshaft metal material [13]. 
Meanwhile, the influence of the operating frequency of the 
guide wire and other cooperating devices should be 
considered to avoid damage to blood vessels due to 
resonance. Therefore, in the actual environment of 
interventional surgery, the mechanical properties of the 
driveshaft are extremely important. So far, there are no 
detailed references on the effect of manufacturing 
parameters on the mechanical properties of the driveshaft. 

In this study, the effects of different manufacturing 
parameters (filament, filament diameter, outer diameter) on 
the mechanical properties (bending stiffness and natural 
frequency) of the driveshaft were determined by establishing 
a simulation model in ABAQUS for displacement and 
deformation experiments and modal analysis of the 
driveshaft. Finally, the correctness of the finite element model 
is verified by experiments. 

2. MATERIALS AND METHODS 

2.1. Structural Model 

As shown in Figure 1, the structure of the driveshaft is formed 
by several side-by-side wires wound around the mandrel. So, 
it can be defined by the wire diameter, filament number, 
mandrel diameter, and length. 

 
Figure 1: 3D Model Drawing. 

Firstly, the driveshaft models are built in SolidWorks (2018, 
Dassault Systems) and saved in the format of IGES. Since 
the 304V wires are side-by-side, in theory, the contact 
surface between the adjacent wires is a line with zero 
thickness. In practice, there is a certain gap in the contact 
surface due to the extrusion or rebound between the wires. 
Therefore, in the finite element model, the clearance of the 
wire contact surface is set at 0.001mm, which is also 
reflected in the literature [14]. Then the model is imported into 
the finite element software ABAQUS (V2020, Dassault 
systems, France). Due to the geometric damage of the model 
caused by the change of the format, such as free edge, 

repeat surface, etc., the finite element model is simplified and 
modified to obtain high-quality mesh elements [15, 16]. 

2.2. Selection of Simulation Parameters 

The setting of material property parameters is one of the 
important factors affecting the analysis results. Setting the 
material performance parameters will affect the accuracy and 
reliability of the calculation results [17]. The driveshaft in the 
intervention is made by the 304V, which is the most used 
material in medicine. Table 1 gives the material properties of 
304V [18], which has a density of 7900 kg/m3 and 195 MPa 
Young’s modulus. The Poisson ratio is 0.25, and the failure 
stress is 197MPa. To consider the interaction among the 
wires in the deformation, the friction coefficient is given as 
0.3. 

Table 1: Material Properties of 304V Stainless Steel 

Attribute Numerical value 

Material 304V 

Density (kg/m3) 7900 

Young’s modulus (Mpa) 195 

Poisson ratio 0.25 

Failure stress (Map) 197 

Friction coefficient 0.3 

 
After the material properties are given, the boundary and 
loading conditions are set. The left surface of the driveshaft is 
fixed. A 0.0098 N concentrated force is put on the right 
ending face to make the driveshaft bending. The gravity was 
applied on the whole driveshaft as a uniform force. The 
maximum incremental step is 100, which has an initial value 
of 0.1, and the minimum and maximum values are 1e-5 and 
1, respectively. 

The calculation time and results accuracy are affected by the 
grid size, type of elements, and quality [19]. The time of 
software calculation and the relationship between the 
accuracy of the calculation results and the number of grids is 

 
Figure 2: Calculate the Relationship between Time and Result 
Accuracy and The Grid. 
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shown in Figure 2. The calculation results are more accurate 
with the increase in the number of grids. However, when the 
number of grids reaches a certain level, the accuracy of the 
results will not be greatly improved; on the contrary, the 
consumed software calculation time will increase indefinitely. 

According to the variation graph of the calculation results with 
the number of grids, when the number of grids reaches about 
100000, the error of the calculation results will be controlled 
within 0.01 Mpa, and the time used is relatively short, which 
can achieve good efficiency. Therefore, considering the 
accuracy of the calculation results, the time of software 
calculation, and the computer performance, this research 
chooses the method of reducing the number of grids to speed 
up the software. Mesh the model under the MESH module of 
ABAQUS, and select the mesh size of 0.07 mm. 

According to the piecewise analysis superposition method for 
calculating deflection in the mechanics of materials [20], in 
this study, the relationship between (deflection) spatial 
displacement and flexural stiffness is shown in Equation (1): 

  
wB= !Fl3

3EI
+
!ql3

8EI
            (1) 

The user-defined function is constructed in MATLAB (2020, 
MathWorks, USA), and its bending stiffness can be obtained 
through the displacement obtained from simulation analysis. 

To sum up, the parameters of different driveshafts are set in 
the finite element software, as shown in Table 2. 

Table 2: Simulation Parameters 

Parameters Value 

Wire diameter, d (mm) 0.1, 0.15, 0.20, 0.25 

Filament number, N 3, 4, 6, 8, 12 

Mandrel diameter, D (mm) 0.3, 0.4, 0.5, 0.7 

Length, l (mm) 15 

 

2.3. Experimental Setup 

To verify the simulation model of the driveshaft, the bending 
experiments were conducted to measure the displacement of 
the driveshaft under a certain weight. Figure 3 gives the 
configuration of the experiment setup. The driveshaft is fixed 
by the tape on the optical table; one of the driveshaft ends 
extends from the table boundary to a certain distance. Weight 
is connected to the driveshaft end to make it bend. The 
bending displacement was recorded by the rule behind the 
driveshaft.  

In this study, the driveshaft used in the experiments is winded 
by 3 filaments of stainless steel wire. The wire diameter is 
0.15 mm. The outside diameter of the driveshaft is 0.65 mm. 
The extension length from the optical table boundary is 15 
mm, and the weight is 1 g.  

After the experiments, the results are compared and 
analyzed with the simulation results to verify the accuracy 
and reliability of the simulation. 

 
Figure 3: Schematic diagram of the experimental setup. 

3. RESULTS AND DISCUSSION 

The complete analysis type is selected in the operation 
module of ABAQUS software, and a multi-processor is used 
to solve the model. The simulation results get the cloud map 
of stress concentration and displacement distribution. The 
stress concentration area and displacement distribution in the 
model are shown in Figure 4. 

 
Figure 4: Stress Distributions. 

3.1. Displacement and Bending Stiffness Analysis of 
Driveshaft 

The bending stiffness is equal to the product of the elastic 
modulus E and the moment of inertia I of the beam section 
about the neutral axis. According to the basic beam theory, 
beam deflection is an index used to describe the degree of 
bending deformation along the beam axis after the beam is 
stressed. In the finite element analysis, under different 
mandrel diameters, the wire diameter and filament number of 
the driveshaft are changed, the space displacement under 
fixed external force is analyzed, and the bending stiffness is 
obtained by substituting the result into the deflection formula. 

From Figure 5, the bending stiffness of the driveshaft 
increases with increased filament number and wire diameter 
for different mandrel diameters. 
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Therefore, in the actual working environment, the driveshaft 
with suitable stiffness can be selected according to the 
complexity of vascular access and the actual situation of 
other co-working devices to ensure that the driveshaft can be 
competent for its work and avoid damage to the 
microenvironment in the body. 

3.2. Modal Analysis 

Modal analysis is a method to analyze structural dynamics. 
The modal analysis includes computational modal analysis 
and experimental modal analysis. The whole process of 
computational modal analysis is realized by the finite element 
method. The input and output signals of the system are 
obtained by the test method. The advantage of computational 
modal analysis is that the shape and size can be modified 
during the drawing design of the structure to reduce or avoid 
some unnecessary responses. The advantage of 
experimental modal analysis is that it can describe the 
vibration characteristics of the system through relevant modal 
parameters. Meanwhile, the system signal obtained in the 
computational modal analysis is input into the experimental 
modal analysis, which can modify and supplement the 

original finite element model to verify whether the 
construction of the finite element model is reasonable. 

The finite element software ABAQUS is used to analyze the 
constrained modes of the driveshaft when the number of 
filaments and the diameter of the steel wire change under 
different mandrel diameters. The vibration models and 
frequencies under the first-, second-, and third-order modes 
are obtained, as shown in Figures 6-8, which provides a 
basis for avoiding the resonance of the driveshaft and 
optimizing its parameter design. 

In modal analysis, when the mandrel diameters are the same. 
The first-, second-, and third-natural frequencies of the 
driveshaft increase with the increase of the wire diameter and 
the number of filaments. The second-order natural frequency 
is approximately equal to the first-order natural frequency. 

In general, the increase in mass (filament number) will reduce 
the modal frequency. In this study, the mass of the 
transmission shaft is unchanged, and the natural frequency 
and mode of each order under different stiffness are studied 
by analytical calculation in the simulation model. For an 

      
     a      b 

        
     c      d 

Figure 5: Influence of the wire diameter and filament number on the bending strength of the driveshaft at (a) 0.3, (b) 0.4, (c) 0.5, and (d) 0.7mm 
mandrel diameter. 
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Figure 6: Vibration mode at (a) first-, (b) second, and (c) third-order-natural frequency. 

       
      a     b 
Figure 7: Natural frequency of first (a) and third (b) order at 0.3 mm mandrel diameter. 

   
      a     b 
Figure 8: Natural frequency of first(a) and third(b) order at 0.7 mm mandrel diameter. 
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approximately cylindrical driveshaft, the M-order 
circumferential natural frequency can be expressed as [21]: 

  
fm =

1
2

Km

Mm
            (2) 

It can be concluded that the solid-state frequency of the 
driving shaft is not only related to its mass (the number of 
filaments) but also closely related to its stiffness. Therefore, it 
is necessary to consider the changes in mass and stiffness at 
the same time when studying the solid-state frequency. The 
mass of the driveshaft does not change, and the natural 
frequency of the driveshaft increases with the increase of 
stiffness. 

3.3. Experimental Results 

In this study, it is assumed that the driveshaft is a rigid 
material with negligible plastic deformation. For the setting of 
boundary conditions, the length of the driveshaft is specified 
as 15 mm, and the left end is fixed by the super glue tape. 
Mark the position points of the cardboard or the right end of 
the upper front and back for displacement measurements. 
The effect of assumptions and boundary conditions leads to 
some error between the actual measured displacement 
results and the results obtained from the simulation. 

The displacement of the driving shaft under this parameter is 
about 4mm, as shown in Figure 3, which is less than 7% 
different from the displacement of 3.75mm in the simulation 
result (Figure 9). It can prove the accuracy of the simulation 
results. 

 
Figure 9: Simulation displacement result. 

CONCLUSION 

This paper focuses on the bending stiffness and vibration 
modes of driveshafts with different mandrel diameters when 
the number of filaments and filament diameter are changed. 
Through the study of the modeling of the transmission shaft, 
the shaft was calculated under the effect of different 

manufacturing parameters of deformation and vibration 
frequency. And experimental measurements were introduced 
and compared with the simulation results. The conclusions 
can be drawn as follows: 

1. According to the test results of displacement, after the 
bending stiffness analysis of the driveshaft, we have 
found that the bending stiffness of the driveshaft 
increases with the increase of the filament number 
and wire diameter under the condition of different 
mandrel diameters. 

2. In the modal analysis, when the mandrel diameter is 
the same. The first-, second-, and third-order intrinsic 
frequencies of the driveshaft increase with the 
increase in wire diameter and filament number. 

3. Further study of the modal analysis, we found that the 
intrinsic frequency of the driveshaft is not only related 
to its mass but also closely related to its stiffness. 
When the mass of the driveshaft is constant, the 
intrinsic frequency of the driveshaft increases with the 
increase in stiffness. 

4. The error between the experimental measurements 
and the simulation results is less than 7%, which 
indicates that the simulation model is reliable. 

In summary, with the wire diameter and shaft diameter as 
manufacturing parameters, using ABAQUS software 
simulation focuses on the influence of different parameters on 
the driveshaft stiffness and frequency, introduces the 
experiment verification, does our research for the shaft for the 
design of the transmission shaft and provide new insight into 
performance optimization. However, the current study may 
have limitations in terms of materials and other conditional 
constraints in practical applications. Future studies should 
more carefully consider the potential effects of material 
range, experimental methods, additional constraints, or other 
factors to understand better the behavior of driveshafts in 
real-world environments. 
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