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Abstract 
In this paper, HyperWorks is used to statically analyse the traction frame of a caravan 
under four typical operating conditions to obtain the stress and strain distribution of the 
traction frame under different operating conditions, laying the foundation for the 
optimisation of the traction frame. Based on the analysis results, the dimensions were 
optimised using variable section techniques to achieve a lightweight component with the 
required strength and deformation. 
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1. Introduction 

Research data shows that for every 10% reduction in vehicle overall mass, fuel efficiency can be 
improved by 6-8% [1-3].The reduction in fuel consumption not only leads to a reduction in the cost 
of using the car, but also means a reduction in harmful emissions such as carbon dioxide and nitrogen 
oxides.At the same time, the reduction in the overall mass of the vehicle can effectively increase the 
maximum speed of the vehicle, improve the starting and braking performance of the vehicle, reduce 
the overall vibration and noise of the vehicle, and increase the service life of the vehicle and the road. 
Laser welded sheets (TWB) are laser welded together with different thicknesses, surface coatings and 
even different raw materials according to the strength and stiffness requirements of the body design, 
and then stamped. TWB has become a standard process in automotive manufacturing in some of the 
strongest countries in the world, and is used to manufacture body parts such as car body side frames, 
inner door panels, body chassis, inter-motor rails, inner middle pillar fenders and crash boxes [4]. 

The overall strength and stiffness of the traction frame, as the main connecting component between 
the caravan cab and the frame body, must meet the needs of the actual situation. While minimising 
the mass of the traction frame itself, the objective of the subsequent endurance test can also be 
achieved. 

2. Finite Element Modelling 

The traction frames described in this paper are mainly made of steel and their material properties are 
shown in Table 1. 

 

Table 1. Steel properties 

Material Modulus MPa Poisson's ratio Density ton/mm3 

Q345B 210000 0.28 7.85E-09 
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In Hypemresh 14.0 software, the parts that have no influence on the accuracy of the calculation and 
the bolts and other parts are removed. As the traction frame is a thin-walled part, the shell cell is used 
to divide the mesh. The simplified model is processed by extracting the centre surface and dividing 
the mesh on the extracted centre surface, the mesh size is set to 5-10mm and the mesh is checked for 
quality. The delineated grid model is shown in Figure 1. 

 

 
(a) 

 
(b) 

Figure 1. Finite element model of the caravan traction frame: (a) overall frame (b) traction frame 

 

The frame as a whole and the traction frame as a whole are welded, and the frame and the floor above 
are positioned and welded together by bolts, and the frame and the traction frame are coupled by bolts 
through the connection plate. The parts that are prone to concentrated loads are strengthened as shown 
in Figure 2, and the thickness is reduced at locations where the strength is sufficient to reduce the 
overall mass of the traction frame while ensuring that the strength and stiffness of the traction frame 
and front crossrail meet the requirements of actual use. 

 

 
Figure 2. Finite element model of the traction frame after reinforcement of the connection 
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Set the evenly distributed load, which is 935kg for the box and the raised roof section and 300kg for 
the passenger goods section, for a total of 1235kg, evenly distributed over the base plate. 

3. Traction Frame Working Conditions Analysis 

The masses as well as the gravitational field are applied to each component, setting up a homogeneous 
load (including 935kg for the box and the raised roof section and 300kg for the passenger goods 
section, for a total of 1235kg, evenly distributed on the base plate), with a safety factor of 2 for 
bending conditions and 1.5 for torsion, braking and turning conditions, for the frame restraint and for 
each condition analysis. 

3.1 Bending Conditions 

The bending condition simulates the condition of the car when it is fully loaded, at rest or travelling 
in a straight line at constant speed. The constraint is applied as shown in Figure 3, and the mesh nodes 
near the four bolt holes fixing the traction ball head are constrained at the front end of the traction 
frame at A to simulate the traction frame connected to the traction ball head with constraint degrees 
of freedom 123456, and at the suspension in the middle section of the frame, as shown in Figure B, 
with constraint degrees of freedom 12346 at the suspension position. 1 represents the x-direction 
translational degrees of freedom, 2 represents the y-direction translational degrees of freedom, 3 
represents the z-direction translational degrees of freedom, 4 represents the rotational degrees of 
freedom around the x-axis, 5 represents the rotational degrees of freedom around the y-axis and 6 
represents the rotational degrees of freedom around the z-axis. 

 

 
Figure 3. Distribution of bending condition constraint position 

 

 
(a) 
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(b) 

 
(c) 

Figure 4. Cloud image of bending results.(a) Displacement cloud diagram for bending conditions 
(b) Displacement cloud diagram for traction frame and front cross beam (c) Stress cloud diagram 

for traction frame and front cross beam 

 

As shown in Figure 4(a), the maximum displacement of the original frame model under bending 
condition is 6.689mm respectively, which is located at the end of the frame, with a smooth 
displacement change transition and no sudden change in displacement. As shown in Figure 4(b), the 
maximum displacement at the traction frame and front cross member is 5.247mm, and the 
displacement of the traction frame and front cross member under bending condition is qualified. As 
shown in Figure 4(c), the maximum stress at the traction frame and front crossrail is 262.447MPa, 
the stress concentration phenomenon caused by restraint and welding will not occur in practice, the 
stress is selected away from the stress concentration area, the maximum value of 190.841MPa, less 
than the allowable stress, the traction frame and front crossrail bending condition stress verification 
passed. 

3.2 Torsional Working Conditions 

The torsional condition is a simulation of a round of overhang when the car is fully loaded. The 
constraint is applied as shown in Figure 5, at the front end of the traction frame A, the mesh nodes 
near the four bolt holes fixing the traction ball head are constrained to simulate the traction frame 
connected to the traction ball head, the constraint degree of freedom is 123456, at the right side of the 
suspension in the middle section of the frame as shown in Figure B, the constraint degree of freedom 
of the suspension position is 236. the finite element model after applying the constraint and load is 
solved, after solving, the overall frame of the bending condition is obtained The deformation and 
stress cloud is shown in Figure 6. 
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Figure 5. Distribution of constraint application positions for torsional conditions 

 

 
(a) 

 
(b) 

 
(c) 

Figure 6. Cloud image of turning conditions. (a) Torsional displacement cloud (b) Torsional 
displacement cloud for traction frame and front cross member (c) Torsional stress map for traction 

frame and front cross member 
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As shown in Figure 6(a), the maximum displacement of the original frame model under torsional 
condition is located at the end of the frame, the maximum displacement is 14.374mm, which is caused 
by the leverage phenomenon caused by restraint and is a normal phenomenon, the other displacements 
of the frame change smoothly with no sudden change in displacement. As shown in Figure 6(b), the 
maximum displacement at the traction frame and front crossrail is 11.191mm, which is due to the 
lever phenomenon caused by restraint. As shown in Figure 6(c), the maximum stress at the traction 
frame and front cross member is 422.060MPa, caused by the stress concentration phenomenon caused 
by restraint and welding, which does not occur in practice, the maximum stress is 246.916MPa, which 
is greater than the allowable stress. 

3.3 Braking Conditions 

As shown in Figure 7, the grid nodes near the four bolt holes that hold the traction ball head are 
constrained at the front end of the traction frame, A, to simulate the traction frame connected to the 
traction ball head, with constrained degrees of freedom 123456, and at the mid-frame suspension, B, 
to constrain the degrees of freedom 123456 at the suspension position. 1 represents the x-direction 
translational degrees of freedom, 2 represents the y-direction translational degrees of freedom, 3 
represents the z-direction translational degrees of freedom, 4 represents the degrees of freedom 
around the x-axis direction, 5 represents the degree of freedom of rotation around the y-axis direction 
and 6 represents the degree of freedom around the z-axis direction. In addition to the vertical load 
already added by gravity, the deceleration is applied in the negative direction along the X-axis due to 
the inertial force that occurs when braking in an emergency, taking the coefficient of adhesion φ = 
0.7 and the size of the deceleration is 6.86 m/s2 considering the case of a fully clinched wheel. 

 

 
Figure 7. Distribution of braking condition constraint positions 

 

 
(a) 
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(b) 

 
(c) 

Figure 8. Braking condition result cloud. (a) Braking condition displacement cloud (b) Braking 
condition displacement cloud for traction frame and front crossrail (c) Braking condition stress map 

for traction frame and front crossrail 

 

As shown in Figure 8(a), the maximum displacement at the braking condition of the original frame 
model is 6.556mm respectively, located at the end of the frame, which is far away from the restraint 
and located above the frame, the displacement change at other positions of the frame has a smooth 
transition and no sudden change in displacement, as shown in Figure 8(b), the maximum displacement 
at the traction frame and front crossmember is 5.401mm, the braking condition displacement 
calibration is qualified; as shown in Figure 8(c) As shown in Figure 8(c), the maximum stress at the 
traction frame and front cross member is 334.4MPa, the stress concentration caused by restraint and 
welding will not occur in practice, select the stress away from the stress concentration area, the 
maximum value is 254.878MPa, which is greater than the allowable stress, the strength of this 
location needs to be strengthened, the traction frame and front cross member brake condition stress 
test failed. 

3.4 Turning Conditions 

As shown in Figure 9, the grid nodes near the four bolt holes that hold the traction ball head are 
constrained at the front end of the traction frame at A to simulate the traction frame connected to the 
traction ball head with constrained degrees of freedom 123456, and at the mid-frame suspension as 
shown in Figure B to constrain the degrees of freedom 23 at the suspension position. 1 represents the 
x-direction translational degrees of freedom, 2 represents the y-direction translational degrees of 
freedom, 3 represents the z-direction translational degrees of freedom, 4 represents the x-axis 
direction around rotational degrees of freedom, 5 represents rotational degrees of freedom around the 
y-axis direction and 6 represents rotational degrees of freedom around the z-axis direction. The 
vehicle is often accompanied by deceleration during a turn, when the frame is subjected to lateral 
inertia forces generated by centrifugal forces and longitudinal inertia forces generated by deceleration, 
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in addition to loads in the vertical direction, so a deceleration of 3.92 m/s2 is applied along the 
negative direction of the X-axis and the positive direction of the Z-axis respectively. 

 

 
Figure 9. Distribution of constraint positions for turning conditions 

 

 
(a) 

 
(b) 

 
(c) 

Figure 10. Turning condition resultant clouds. (a) Turning condition displacement cloud (b) 
Turning condition displacement cloud for traction frame and front cross member (c) Turning 

condition stress map for traction frame and front cross member 
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As shown in Figure 10(a), the maximum displacement of the original frame model under turning 
conditions was 7.185mm, which was located at the end position of the frame, which was far away 
from the restraint and above the frame, and the displacement change at other positions of the frame 
was smooth and no sudden change in displacement, as shown in Figure 10(b), the maximum 
displacement at the traction frame and front cross member was 5.911mm, and the displacement 
verification for turning conditions passed. As shown in Fig. 10(c), the maximum stress at the traction 
frame and front crossrail is 290.23MPa, the stress concentration caused by restraint and welding will 
not occur in actual situation. 

4. Simulation Analysis of Traction Frame Dimensions and Structural 
Optimisation 

Due to the excessive stress at the contact position between the traction frame and the front cross 
member in the torsion and braking conditions, a reinforcement plate with a thickness of 1.5mm was 
added to the connection between the traction frame and the front cross member to strengthen this part. 
As shown in Figure 11, from the simulation results after connecting the reinforcement plate, the 
maximum displacement at the traction frame and front cross member in the torsional condition is 
2.345mm, the maximum displacement is reduced by 83.69%, the maximum stress is 129.176MPa, 
the maximum stress is reduced by 48.31%, the torsional condition is less than the allowable stress. 

 

 
(a) 

 
(b) 

Figure 11. (a) Torsional displacement cloud of the traction frame and front cross member 
reinforcement plate (b) Torsional stress diagram of the traction frame and front cross member 

reinforcement plate 
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As shown in Figure 12, from the simulation results after connecting the reinforcement plate, the 
maximum displacement at the traction frame and front cross member in braking condition is 2.509mm, 
the maximum displacement is reduced by 53.55%, and the maximum stress is 114.810MPa, the 
maximum stress is reduced by 53.50%, which is less than the allowable stress, and the braking 
condition passes the calibration. 

 

 
(a) 

 
(b) 

Figure 12. (a) Displacement cloud for braking conditions of the traction frame and front cross 
member reinforcement plate (b) Stress cloud for braking conditions of the traction frame and front 

cross member reinforcement plate 

 

From the simulation results after adding the reinforcement plate, it can be seen that the strength and 
stiffness of the traction frame is much greater than the requirements for the use of the frame, so the 
thickness of the traction frame is further reduced, firstly to 3mm in the vertical direction and 2mm in 
the parallel direction. 

As shown in Figure 13, from the simulation results after thinning, the maximum displacement at the 
traction frame and front cross member in the bending condition is 2.989mm, the maximum 
displacement is reduced by 44.66%, and the maximum stress is 157.358MPa, the maximum stress is 
reduced by 17.53%, which is less than the permissible stress, and the bending condition passes the 
calibration. 
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(a) 

 
(b) 

Figure 13. (a) Displacement cloud of the bending condition of the traction frame and front cross 
member reinforcement plate after thinning (b) Stress cloud of the bending condition of the traction 

frame and front cross member reinforcement plate after thinning 

 

As shown in Figure 14, from the simulation results after thinning, the maximum displacement at the 
traction frame and front cross member in the torsional condition is 7.655mm, the maximum 
displacement is reduced by 31.60%, the maximum stress is 221.475MPa, the maximum stress is 
reduced by 11.38%, which is less than the permissible stress, and the torsional condition passes the 
calibration. 

 

 
(a) 



International Core Journal of Engineering Volume 8 Issue 10, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202210_8(10).0026

 

181 

 
(b) 

Figure 14. (a) Torsional displacement cloud of the thinned traction frame and front cross member 
reinforcement plate (b) Torsional stress cloud of the thinned traction frame and front cross member 

reinforcement plate 
 

As shown in Figure 15, from the simulation results after thinning, the maximum displacement at the 
traction frame and front cross member in the braking condition is 3.176mm, the maximum 
displacement is reduced by 41.20%, the maximum stress is 165.133MPa, the maximum stress is 
reduced by 35.21%, which is less than the permissible stress, and the braking condition passes the 
calibration. 
 

 
(a) 

 
(b) 

Figure 15. (a) Displacement cloud of the braking conditions of the thinned traction frame and front 
cross member reinforcement plate (b) Stress cloud of the braking conditions of the thinned traction 

frame and front cross member reinforcement plate 
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As shown in Figure 16, from the simulation results after thinning, the maximum displacement at the 
traction frame and front cross member in the turning condition is 2.898mm, the maximum 
displacement is reduced by 50.97%, the maximum stress is 159.366MPa, the maximum stress is 
reduced by 12.93%, which is less than the permissible stress, and the turning condition passes the 
calibration. 

 

 
(a) 

 
(b) 

Figure 16. (a) Displacement cloud of the traction frame and front cross member reinforcement plate 
after thinning (b) Stress cloud of the traction frame and front cross member reinforcement plate 

after thinning for cornering 

 

It can be seen from the simulation results that the maximum stress of the traction frame is close to the 
allowable stress in the torsion condition, so the thickness of the traction frame is not reduced, but the 
thickness of the reinforcement plate is reduced. The Optimization module in Hypermesh is used to 
optimize the torsion condition. According to the results, the optimal thickness of reinforcement plate 
is about 0.8959mm. Considering the difficulty and cost of production, it is set to 1mm for simulation 
analysis. 

As shown in Figure 17, from the final optimised simulation results, the maximum displacement at the 
traction frame and front cross member in the bending condition is 2.993mm, with a maximum 
displacement reduction of 42.96%, and the maximum stress is 133.296MPa, with a maximum stress 
reduction of 30.15%, which is less than the allowable stress, and the bending condition passes the 
calibration. 
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(a) 

 
(b) 

Figure 17. (a) Stress cloud of the bending condition of the traction frame and front cross member 
reinforcement after optimization (b) Stress cloud of the bending condition of the traction frame and 

front cross member reinforcement after optimization 

 

As shown in Figure 18, from the final optimised simulation results, the maximum displacement at the 
traction frame and front cross member in the torsional condition is 7.655mm, the maximum 
displacement is reduced by 31.60%, the maximum stress is 221.475MPa, the maximum stress is 
reduced by 10.30%, which is less than the permissible stress, and the torsional condition passes the 
calibration. 

 

 
(a) 
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(b) 

Figure 18. (a) Stress cloud for torsional conditions in the traction frame and front cross member 
reinforcement after optimization (b) Stress cloud for torsional conditions in the traction frame and 

front cross member reinforcement after optimization 
 

As shown in Figure 19, from the final optimised simulation results, the maximum displacement at the 
traction frame and front cross member in the braking condition is 2.907mm, the maximum 
displacement is reduced by 31.60%, the maximum stress is 135.114MPa, the maximum stress is 
reduced by 9.06%, which is less than the permissible stress, and the braking condition passes the 
calibration.  
 

 
(a) 

 
(b) 

Figure 19. (a) Stress cloud of the braking conditions of the optimized traction frame and front cross 
member reinforcement plate (b) Stress cloud of the braking conditions of the optimized traction 

frame and front cross member reinforcement plate 
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As shown in Figure 20, from the final optimised simulation results, the maximum displacement at the 
traction frame and front cross member in the turning condition is 3.181mm, with a maximum 
displacement reduction of 46.19%, and the maximum stress is 139.959MPa, with a maximum stress 
reduction of 5.80%, which is less than the allowable stress, and the turning condition passes the 
calibration. 

 

 
(a) 

 
(b) 

Figure 20. (a) Stress cloud of the traction frame and front cross member reinforcement plate after 
optimisation (b) Stress cloud of the traction frame and front cross member reinforcement plate after 

optimisation for cornering 

5. Summary 

This time, the lightweight design of the traction frame of the caravan was carried out by adding a 
reinforcement plate of 1.5mm thickness to the traction frame and the front cross member to improve 
the strength of this part and reduce the phenomenon that the maximum stress caused by stress 
concentration exceeds the permissible stress. The maximum stresses at the traction frame and front 
cross member were found to be much lower than the permissible stresses, except for the torsional 
condition where the maximum stresses at the traction frame and front cross member were close to the 
permissible stresses, and the other conditions where the maximum stresses at the traction frame and 
front cross member were much lower than the permissible stresses. The thickness of the reinforcement 
plate was optimised through the Optimisation module to obtain an optimum thickness of 0.8959mm, 
and considering the actual production cost, the thickness of the reinforcement plate was set to 1mm. 
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The optimal solution is obtained by simulating the final optimised traction frame and the overall finite 
element of the frame. 

According to the actual data of the caravan, the load is applied, and the bending, torsion, braking and 
turning conditions are calculated and analysed for the frame, and the displacement and stress clouds 
before and after the lightweight design under each condition are obtained for comparison. Under the 
premise of meeting the actual strength and stiffness requirements of the traction frame, the total mass 
of the traction frame and the 1.5mm reinforcement plate is 94.35Kg, after optimisation the total mass 
of the traction frame and the 1mm reinforcement plate is 72.75Kg, with a total weight reduction of 
16.41%. 
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