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Spot Weld Fatigue Life Prediction of Commercial Vehicle Cab
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Abstract—A new engineering method for spot welds fatigue
life prediction of commercial vehicle cab is presented. The
method stars with the establishment of 3D FE model and spot
weld model of the cab using the MSC. Nastran, the
verification of the model is performed through modal
analysis results comparation between the experiment and the
simulation. Then the general fatigue life prediction method of
the virtual commercial vehicle cab with spot weld is
introduced. The unit force stress response of the cab is
calculated by inertia relief method. At last, the cab stress
response, the cab input load spectrum, cab structure and spot
weld S-N curves, are imported into the MSC. Fatigue. The
fatigue life prediction results indicate that the fatigue
strength of most locations of the cab structure and spot welds
is high and local positions such as the cab front window
corners and the cab mounts are a little bit lower. And also,
the influence of the metal material and the spot weld
diameter to the vehicle cab fatigue life is analyzed.

Keywords-commercial Vehicle Cab, spot Weld, fatigue Life
Prediction, finite Element Method.

l. INTRODUCTION

Lightweight design has become a trend in automotive
development and primary means of reducing fuel
consumption. However, as a means of transportation,
lightweight design of the vehicle structure should ensure
high reliability and adequate security [1]. Most external
loads of vehicles are random dynamic cyclic loading, the
dynamic stress generated in many components under this
kind of load will cause fatigue damage. When damage
accumulated to a certain degree, fatigue fracture occurs.
According to statistics, about 80% of the mechanical
structure failures are caused by fatigue fracture.

Spot welds are the dominant joining method in the
vehicle assembly process [2]. However, due to the
presence of welding defects residual stresses and stress
concentration, fatigue strength in weld nugget area is often
lower than that of base material, so the fatigue failure of
welded structures occurs in the welding joints[3].

Many scholars have studied the fatigue life analysis
method of vehicle structural parts [4-5]. And done a lot of
research on fatigue characteristics and durability of
welding joints[6-9]. But research on fatigue performance
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of commercial vehicle cab structure and spot welds
relatively rare. This paper focuses on the analysis of
fatigue life and influence factors of the commercial vehicle
cab structure and spot welds, and assessment of the fatigue
life results.

Il.  FE MODEL OF CAB STRUCTURE AND SPOT WELDS

The shell element is used to simulate the cab structure,
there are 190904 elements in the model which include
7607 triangle elements and 174977 quadrangle elements.
There are 7088 spot welds in the cab and the Cheam
element is used to simulate it. The cab finite element model
and spot welds layout are shown in Fig.1 and Fig.2.
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Figure 1. FE model of Cab

Figure 2. Layout of Spot welds



The spot welds diameter is significant parameter in the
spot welds model and is selected based on experience
usually with the range of 1 <d <10mm. But the tests
showed that the spot welds diameter is proportional to the
weld strength approximately, which can be selected
according to the thickness and size of the component
strength requirements, the empirical equation is:

d =26 +3(mm)

()
d- spot welds diameter; J-Thickness of weldments.
The thickness of the cab sheets studied in this paper
most are 1.5mm and 1.0mm besides the 2.0mm in the cab
floor frame. So the spot welds diameter are selected to
5mm and 7mm in the simulate analysis.

I1l.  MODAL ANALYSIS OF CAB STRUCTURE

The spot welds element is set to Rigid, Cbeam (5mm,
7mm) respectively in modal analysis, the modal results are
shown in Table 1. Under three types of spot welds
elements, mode shapes of cab are basically the same, there
are almost no difference in modal frequency values. So
Cbeam element is feasible and reasonable to simulate the
cab spot welds.

TABLE 1 CAB MODAL CONTRAST BETWEEN EXPERIMENTAL AND
NUMERICAL RESULTS

When using the nominal stress method for the
commercial vehicle cab structure and spot welds fatigue
life analysis, you first need to get road load spectrum input
and stress time history. In fact, Stress time history of cab
can be obtained directly through transient analysis method.
But because of the complexity of the analyzed cab model in
this paper, the transient analysis method is not suitable for
getting its stress time history. So a more efficiency -the
quasi-static method is applied to obtain the stress time
history of commercial vehicle cab in this paper. First, the
unit excitation response of stress on cab suspension should
be calculated, and then carry on mode superposition with
the input load time history. At last the stress and fatigue life
distribution of cab structure and spot welds on real road
load can be obtained.

A. Input load spectrum of commercial vehicle cab

Load spectrum, also known as load time histories, usually
able to be presented by a load - time relationship diagram.
Real vehicle’s load spectrum acquisition is an important
part of the fatigue analysis, the accuracy of load spectrum
is also directly affecting the fatigue life reliability of the
results. The required load time histories for analyzing the
fatigue life of the cab in this paper is obtained by a real
vehicle durability test on Dingyuan testing ground in China.

Tost Rigid Cheam 7mm Cbeam The input load time histories on cab suspension are showed
. - = = in Fig.3~Fig.6.
First torsional 207 20.9 20.26 20.13
frequency (Hz)
First bending 4355 50.15 49.03 48.92 ‘
frequency (Hz)
Error | Firsttorsional 1.0 2.1 -2.8
First bending 15.2 12.6 12.3

IV. FATIGUE LIFE ANALYSIS OF THE CAB STRUCTURE

AND SPOT WELDS

According to the fatigue damage parameter fatigue life
analysis methods can be divided to: the Nominal Stress
method, Linear Elastic Fracture Mechanics, Local Strain
method, energy law, etc[10]. In practical engineering
applications, the first three methods are commonly used.
Nominal stress method uses alternating nominal stress as
main parameters to predict the fatigue life of mechanical
components. It takes the material SN curve as the basis of z
fatigue life calculation and modifies the curve according to e
the difference between the actual components and sample
(size effect, surface condition, and the average stress and
other factors). Furthermore, the rain flow cycle counting 14
method is applied to count the stress changes and
combined with Miner cumulative damage theory to
calculate the fatigue life. This method is not strictly
distinguish between crack initiation and propagation, can
predict the total fatigue life of components with greater
damage or destruction, and is more suitable for fatigue life
prediction with low stress and high cycle fatigue
conditions, especially for complex structures or welding
parts.
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Figure 3. Load history of left front cab mounting
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Figure 4. Load history of right front cab mounting
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Figure 6. Load history of right rear cab mounting

B. S-N curve of cab structure and spot welds

The material for analyzing the commercial vehicle cab
structure is a typical steel material. Due to the effect of high
temperature and pressure in the welding process, the
fatigue strength of spot welds is slightly lower than the
base metal. The SN curve used herein is provided by the
MSC. Fatigue library(shown in Fig.7), the Certainty of
Survival is select to the default value of 50%.
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Figure 7. S-N curve of cab structure and spot welds

C. Unit stress excitation response analysis of cab

The main force at the cab mountings is vertical
direction (Z direction) excitation. The forces on X and Y
directions of the cab have little effect on cab fatigue, so can
be neglected. In the finite element pre-processing software
Hypermesh, unit excitation of Z direction on the four cab
mountings is applied respectively with four load steps for
static response analysis. The results are shown in Fig. 8
which include nodal displacement, element force and stress
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distribution of cab structure, as well as beam strength and
stress of spot welds.
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Figure 9. Fatigue life distribution of cab structure

D. Fatigue life analysis of cab structure

Since commercial vehicle cab subjects to random load,
after importing the load spectrum into fatigue analysis
software, the system will first calculate the stress
distribution of cab according to unit excitation stress
response results. Then counts stress cycles using rain flow
method, finally applies Miner's theory to calculate the
fatigue life distribution of the cab structure (shown in Fig.
9).

It can be seen from the Fig.9 that the overall fatigue
lives of the cab are almost at 1x10™ cycles or more, close
to no damage. Local areas, such as corner of front
windshield and cab mounting connection have lower life
expectancy with the minimum value of 2880 life repeats at
node No. 146960. With the cab input load history time of
614.5s and general speed of 70km / h, the fatigue life
expectancy of cab structure is checked according to truck'’s
30,000 km durability test standards. It can meet the
requirements when the life repeats of the cab structure
reaches 2511. So, the overall life expectancies of
commercial vehicle cab structure are qualified.

E. Fatigue life analysis of spot welds

To calculate the fatigue life of spot welds, you need to
know the SN curve (cycle characteristic R = 0) of plate and
weld nugget. But the effects of standard deviation
parameters and the stress sensitivity coefficients cannot be



ignored. The typical SN curve of spit weld is different from
the base metal’s, which can be expressed as Eq.2:

_ b1
AS = SRIL(N ) o

SRI1——uvertical coordinate of S-N curve on S axis ;
b1——Material constant.

The mean stress S,, is corrected and the equivalent
stress amplitude can be expressed as Eq.3 at R = 0:

S+ MS,

M +1

®)

M——-average stress sensitivity factor.

After obtaining the structural stress at the connecting
plate and weld nugget, the effective stress history can be
calculated through modal superposition method. After the
rain-flow cycle counting, Miner's accumulative damage
rule(shown in Eq.4) is applied to calculate fatigue life and
damage of spot welds by MSC. Fatigue module.

ni
YD, _Zﬁzl

D——Damage of each load level;
limit of each load level;

n; Repeat cycles of each load level.

Spot welds elements are divided to different group
based on plate thickness, spot welds diameter is varied
with plate thickness which it connects and is determined
according to formula 1.The spot welds diameter at cab
floor frame is 8mm and 7mm at front windshield corner
and 6mm for the remaining. The fatigue life distributions
of spot welds are calculated. Due to spot welds are very
small relative to the entire commercial vehicle cab
structure, ordinary display is not appreciable. So the
Insight amplifier module is used to magnify the overall life
results of spot welds individually shown in Fig.10. The
fatigue life is low in yellow areas and high in blue areas.
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Figure 10. Fatigue life results of spot welds
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Figure 11. Fatigue life results of spot welds

It can be seen from Fig.10 that the fatigue life
distribution of spot welds is almost the same at that’s of cab
structure. The fatigue lives at front windshield corner, rear
cab mountings, roof and top beam connection at front
windshield are lower than others. The number of spot
welds with lower fatigue lives is 124. So the overall lives
of the commercial vehicle cab spot welds are relatively
high.

The same evaluation method of reliable truck 30,000
km durability test standards as cab structure are also used
to assess fatigue life of spot welds. Only if the number of
each spot welds life repeat reaches 2511, it can meet the
durability requirements, then the logarithm value of life
repeat is 3.4. Figures 11 shows the fatigue life results of
spot welds which are not consistent with the standard. The
number of defective spot welds is 73.

V. FATIGUE LIFE INFLUENCING FACTORS

A. Influence of cab material

In the above fatigue life analysis for cab structure, the
selected material is ordinary steel with ultimate tensile
strength (UTS) of 500Mpa. If the choice is MANTEN
material with 552Mpa UTS, the fatigue life repeats at
weakest part s can reach 10°. The fatigue life of the original
lowest life expectancy element 146,960 in new material is
3.58 x 10° cycles, which is significantly greater than 2880
cycles of ordinary steel. The fatigue life of other elements
have also been significantly improved .So cab material has
great impact on the fatigue life of cab structure, using
high-strength steel material can effectively improve the
fatigue performance of commercial vehicle cab.

TABLE 2 FATIGUE LIFE RESULTS OF SPOT WELDS UNDER DIFFERENT DIAMETERS

spot welds diameter
original | Decreasing Imm Increasing Imm Increasing 2mm
Improvements (%) Improvements (%) Improvements (%)
Number of failure spot welds 73 85 -16.4 68 6.8 62 15.1
Number of spot welds with life repeats less than 1x10° 124 138 | -11.3 112 | 9.7 104 | 16.1
Number of spot welds with life repeats more than 1x10%° | 6020 5907 | -1.9 6103 | 1.4 6146 | 2.1
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B. Influence of spot welds diameter

Diameter is an important parameter for spot welds, the
diameter of spot welds will directly affect the fatigue
strength. Generally, in the case of reasonable spot welds
layout, increasing the diameter properly can improve the
fatigue life of spot welds. The fatigue life is recalculated as
the diameter of spot welds decreasing 1mm and increasing
2mm respectively in this paper. Table 2 shows the fatigue
life results of spot welds under different diameters. As the
diameter of spot welds is increased, the number of failure
spot welds is reduced gradually , the overall fatigue life of
spot welds is increased and fatigue strength is also
improved; If the diameter is reduced from the original ones,
the number of failure spot welds will be increased
significantly.

VI. CONCLUSIONS

A more efficiency and comprehensive beam element is
used to simulate and calculate the fatigue life of cab spot
welds in this paper.

In MSC. Fatigue software, fatigue life distributions of
cab structure and spot welds are calculated through rain
flow counting and Miner's fatigue damage accumulation
theory. The fatigue life results are evaluated according to
reliable 30,000 km durability truck test standards. The
results show that: the fatigue life of commercial vehicle
cab structure can meet the requirements, life repeats at cab
mountings and front windshield corner are little lower. The
failure spot welds number is 73, which mainly distribute in
the front windshield corner, rear cab mountings and
connections between roof and top beam of front
windshield.

Material has great influence on fatigue life of cab
structure. In the reasonable spot welds diameter ranges,
increasing the spot welds diameter can increase the fatigue
life of spot welds, and improve fatigue performance of spot
welds.
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