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Abstract: The rear torsion beam of a car was taken as the research object, and its fatigue life
was estimated by nominal stress method.In ANSYS Workbench, the strength of the torsion
beam was checked through analysis, and the dangerous part and the nominal stress spectrum
were obtained. The load time series was obtained in Admas. The SN curve of composite mate-
rial and fatigue cumulative damage theory were analyzed in ncode Designlife to obtain the fa-
tigue life of the torsion beam. The calculation results show that the minimum fatigue life of the
torsion beam is 564,000 kilometers, which is higher than the national number of scrapped cars
and meets the use requirements. This method can provide the basis for the optimal design of
the torsion beam.

1. Foreword
The rear torsion beam of the vehicle is a key component that carries the weight of the vehicle body.
Due to its light weight, low production cost, and small vehicle footprint, it is favored by automobile
manufacturers and widely used in small cars. The working principle of torsion beam is to install two
left and right wheels on both sides of the torsion beam. When the vehicle is running, the left and
right wheels will behave in different phases. This kind of jump will cause the torsion beam to twist and
will rotate around the shaft to drive another. One side of the wheel also beats accordingly, thereby re-
ducing the entire body tilt or shake. Because the torsion beam itself has a certain torsional stiffness, it
can play the same role as the lateral stabilizer, which can increase the roll stiffness of the vehicle and
improve the roll stability of the vehicle!". The torsion beam bears most of the weight of the car body,
which may cause accidents due to its insufficient strength. At the same time, due to the impact of the
road load during the normal driving of the car, fatigue failure often causes damage to personal and
property. Therefore, it is very necessary to do a research for the torsion beam .

Some scholars have also studied the torsion beam of the automobile. Fan Weiwei*land others used
the
ANSYS Workbench to simulate and analyze the force of a torsion beam when the wheel was bouncing
up and down in the opposite direction. However, the analysis was simple and did not consider the tor-
sional conditions. Chen Kun®! and others used the finite element tool MD NASTRAN2010 to perform
simulation calculations and optimized the torsion beam only from the strength aspect. Yi Siwul* stud-
ied the problem of fatigue fracture of a torsion beam rear suspension of a certain type of vehicle, but
did not give a fatigue life calculation. Based on the above problems, the strength of the torsion beam
was checked through uneven pavement and torsion conditions, and the fatigue life of the torsion beam

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



ICAMMT 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 423 (2018) 012034 doi:10.1088/1757-899X/423/1/012034

was estimated by the nominal stress method, which provides a basis for optimizing the torsion beam.

2. Torsion beam finite element model

The torsion beam is mainly composed of a longitudinal arm, a cross beam, a shock absorbing seat, a
torsion bar, a hub frame and a sleeve. When establishing a finite element model, the more consistent
the model with the actual model, the more accurate the result, but it may increase the workload of the
analysis; the simpler the model, the higher the calculation efficiency. For some complicated parts, it is
possible to simplify the holes and chamfers that do not affect much without affecting the accuracy. In
this paper, the mesh is divided freely. The element size is controlled to 50, and the minimum edge
length is Smm. A total of 48,528 nodes and 14,621 elements are generated. The torsion beam mesh
model is shown in figure 1.

Figurel. Torsion beam mesh model

The material of the torsion beam is high-quality carbon steel. The material properties are shown
in tablel.

Tablel. Material properties of torsion beams

Density Elastic Pois- Yield Tensile
(kg/m?) modulus sog's Strength strength
(N/m?)  ratio (MPa) (MPa)

7850 2.1E11 0.3 375 600

3. Strength analysis

Torsion beam force parts mainly include shock absorption seats, hub brackets and sleeves. The
shock-absorbing seat receives the load from the shock-absorbing spring, the hub frame is subjected to
a vertical upward force from the road surface, and the sleeve is connected to the body to fix the force.
Considering that the torsion beam is a symmetrical structure, the torsion force beam side is used for
force analysis. The force analysis chart is shown in figure 2.
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Figure2. Force analysis of unilateral torsion beam

When the load on the torsion beam is calculated as static load, the load F, at the damping seat is:

In the formula:

G—Rear axle load when fully loaded;
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m—Wheel weight (including hubs, brakes, etc.);
g—Gravity acceleration;

Condition 1: torsion beam strength analysis under uneven road load

Generally, when the front engine of a pre-engined engine is unloaded, the front axle load is 56% to
66%, and the rear axle load is 34% to 44%"). The car with a certain model has a full-load mass of
1815 kg. The axle load of the front axle takes 60%, and the axle load of the rear axle accounts for
40%.

my; = 1815 X 40% = 726kg
Fi =my +2=726+2xX9.8N = 3557.4N
In the formula:
m, —Rear axle load when fully loaded;
F1—Shock absorber seat load;
g—Gravity acceleration, take 9.8N/kg;;

On an uneven road, the torsion beam receives impact from the road surface in addition to the static
state load. The impact load of the shock absorption seat under the combined action of these two loads!®
is:

F = kyF; = 3 x 3557.4N = 10672.2N

In the formula:

F—Shock mount shock load;
k;—Dynamic load factor, 3 for passenger cars;

Figure 3. Load constraint diagram

Load boundary conditions: the constraint diagram is shown in figure 3. A fixed restraint is applied
at 1, 3, 4, 6 and a vertical downward load of 10672.2N is applied at 2, 5, that is, at a shock-absorbing
seat at a vertical direction.

Simulation and result analysis: from the equivalent stress cloud diagram in figure 4, the maximum
stress at the shock absorbing seat is 307.15 MPa, which is less than the yield limit of the carbon struc-
tural steel 375 Mpa. Therefore, the strength of the torsion beam under the uneven road load meets the
requirements.
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Figure 4. Equivalent Stress Cloud
Condition 2: strength analysis under extreme torsional conditions
When the car is driving in a pit zone, one wheel of the rear axle is on the convex hull and the other
wheel is in the pit. In this case, twisting of the torsion beam occurs. Due to the hysteresis of the shock
absorber, the spring on the automobile's shock absorbing seat is still in a compressed state, and the
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impact load on the shock absorbing seat is:
my 726

Load boundary conditions: the constraint diagram is shown in figure 3. Apply a fixed restraint at 1,
3, 4 and a vertical downward load of 3557.4N at 2, 5, that is, vertically downward at the shock mount.
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Figure 5. Equivalent Stress Cloud
Simulation and result analysis: from the equivalent stress cloud diagram in figure5, the maximum
stress is 337.1 MPa at the junction of the longitudinal arm and the bush, which is less than the yield
limit of the carbon structural steel 375 Mpa. The strength of the torsion beam under the extreme tor-
sion conditions meets the requirements.

4. Fatigue life analysis
The fatigue failure of torsion beams mainly occurs under uneven road loads. This paper mainly studies
the estimation of fatigue life under uneven road loads.

4.1 Material S-N curve

The curve representing the relationship between stress amplitude or maximum stress and fatigue life is
called a fatigue curve or S-N curve. The fatigue curve is generally determined experimentally. Some
scholars have drawn a number of commonly used materials out of the S-N curve through a large num-
ber of experiments. According to the datal”), the S-N curve of the carbon structural steel survival rate at
P=50% is shown in figure6.
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Figure 6. S-N curve of material

4.2 Time series load spectrum

The acquisition of time load is generally obtained through measured data. Due to limited conditions,
the dynamic force of each load of the torsion beam is obtained through the Adams vehicle virtual pro-
totype. The analysis shows that the car runs at a speed of 50km/h on the Class C road surface, and the
number of times the peak force is obtained within 20s is eight. Therefore, the peak-valley method™ is
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used to simplify the load and the obtained time series load spectrum is shown in figure7.
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Figure 7. Time series load spectrum

4.3 Fatigue cumulative damage theory

According to the theory of cumulative fatigue damage, the damage can be accumulated linearly. When
the accumulated damage reaches the point of failure, the specimen will be destroyed”. Considering
the actual working conditions of torsion beams, it is known that torsion beam damage belongs to high
cycle fatigue. Therefore, the nominal stress method is used to calculate the fatigue life of a torsion
beam. The ideal constant amplitude load defined in this paper is much lower than the natural frequen-
cy of the torsion beam (6~15Hz)!'%.. Therefore, the method of net stress fatigue analysis is used in this

paper.

4.4 Fatigue life estimation

According to the analysis of condition 1, it is known that the maximum stress position of the torsion
beam is located at the shock absorption seat, which is the dangerous part. The stress load spectrum
obtained here, the stress load spectrum and the time load sequence are imported into ncode De-
sign-Life fatigue analysis software, and then the use of Miner cumulative damage theory to integrate
the SN curve of the torsion beam material for lifetime estimation. The fatigue life curve obtained from
the analysis is shown in figure8.
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Figure 8. Torsion beam lifetime cloud

From the fatigue life curve of the torsion beam, the minimum life is (2.032E6) times, and the posi-
tion is at the transition between the bottom and the edge of the shock absorption seat. The load history
used in the analysis is 20s, and the vehicle speed is 50km/h, which can calculate the minimum life
span of the torsion beam is about 564,000 kilometers '), According to China's auto scrap standard, the
mileage of the car is 500,000 kilometers "%, Therefore, it is known that the fatigue life of the torsion
beam satisfies the use requirements. Seen from the cloud image color, the blue part accounts for most
of the torsion beam. This part indicates that the service life is far reaching the fatigue life requirement.
In order to save unnecessary waste, this part can be optimized. Therefore, this paper provides a method
for estimating fatigue life and provides a basis for further optimization of torsion beams.

5. Conclusion

The strength analysis of the torsion beam under the effect of uneven road load and extreme torsional
conditions was carried out to find the dangerous part and provide basis for fatigue life estimation.
Nominal stress method was used, and the stress load spectrum and time load sequence were imported
into nCode Design-Life, and the minimum fatigue life of the torsion beam was 564,000 km, satisfying
the application requirements. This paper provides a complete set of methods for fatigue calculations. It
also points out the need for optimization and provides the basis for further optimization.
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