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This study focuses on component durability testing methods and their application in the auto-
motive industry. These types of tests can be used to assess various objects with simple and complex
geometries and a range of dimensions, manufactured using certain structural materials, including
6005 T6 aluminium alloy and S7T00MC high-strength steel. The test results characterise the compo-
nent response at 2 x 10° loading cycles, and the crack trajectories are analysed after a high number
of cycles. The influence of the welding process on the tensile mechanical parameters of the aluminium
alloy and steel is also discussed, and fatigue behaviour of STO00MC and its weld is illustrated.
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1. Introduction

Durability tests have been used to examine the fatigue resistance of different components
(Berger et al., 2010; Creager et al., 2015; Szymczak et al., 2022a; 2022b). Generally, they are
employed in two branches of industry: aviation (Berger et al., 2010; Creager et al., 2015) and
automotive (Szymczak et al., 2022a; 2022b), where many working elements operate under cyclic
loading. From an engineering perspective, this indicates that inspections should be performed
to capture crack occurrence, as cracks can lead to element’s failure.

Different types of testing stands can be used to examine durability. One type uses two-level
platforms for mounting the tested objects and for subsequent examinations (Servotest Systems;
SSTM, 2019). Depending on their complexity, they enable different types of loading applica-
tions such as cyclic and dynamic torsion, dynamic axial loading, and thermal cycles (Servotest
Systems). More complex multi-element devices enable biaxial loading (i.e., horizontal and per-
pendicular) (MTS). Testing stands can be used in conjunction with environmental chambers
which control the temperature range from —40°C to 120 °C and provide special conditions with
the application of water, salt and mud. Multiaxial systems are recommended for examining the
mechanical resistances of components of different shapes and dimensions (MTS). Multi-servo
actuators and closed-loop feedback enable effective testing of vehicles (Instron; Wielton Group).

Research groups have focused on different aspects of durability tests, such as stochastic
changes in selected physical quantities during road testing by a target dynamic system compris-
ing a potentiometer, an accelerometer, and a strain gauge, and their analyses (Jung et al., 2003).
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This type of data is also analysed using the acceleration time signal and frequency response frac-
tion to calculate the displacement and shock response functions (Halfpenny, 2006). A Weibull
analysis was also performed for stochastic cycles (Krél & Gasiak, 2018).

In another study, the authors used the stress-strain relationship to determine the limits of
the cyclic force (Gowda et al., 2015). If the tests are performed at different operational times,
then comparisons can be made (Stembalski et al., 2024).

Typical fatigue tests are directly used in the automotive industry to determine the mechanical
resistance of components used for vehicle coupling, such as balls and drawbar beams, as shown
in Fig. 1. The coupling components can be used at a constant high level (Fig. 1) or three levels
using screws, as shown in Fig. 2. In these cases, the component can operate at permissible
loading values determined in the durability testing. Operational loading at values within the
defined limit does not cause any deformation or cracks owing to coupling.
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Fig. 1. Car transporter having a JEGGER regular platform with a coupling function
using the A50-X ball, made of steel and aluminium alloy.

Fig. 2. Car transporter having an MP Group irregular platform with a multi-levelled coupling function
using the A50-X ball, made of steel and aluminium alloy.

This kind of test is not trivial but a complex one, because of the weight and dimensions of
the tested object, as the values of these physical parameters are often between 200 kg—400 kg
and 3.5m x 2m, respectively. From the practical point of view, the mounting manner is very
important and should be done according to the operation process. This requires a conception
and a lot of time to connect the tested object with a platform. Therefore, in the case of towing
frames, this kind of component was examined in a reversed position where the platform followed
the vehicle mass, while in the case of platforms (6 m x 2m), it was tested as a complete one with
a wheel axis and suspension at an operational orientation. Those approaches can be indicated as
the requirements for examining huge components. Moreover, an inspection of the tested object
and physical parameters used in the tests should be done every day, while the tests require
2 weeks in continuous mode, i.e., day and night. Another significant feature of the experiment is
connected with type approval, because positive results enable applying to the approval authority
(TDT - transport technical supervision, Poland) for issuing a certificate of approval. This kind
of final result enables the mounting of a component in a vehicle and it can be called “made
in Poland” for sale in the EU and other countries of the World. Moreover, the experiment
with a component such as a platform for a vehicle for transport vehicles, towing frames to
recovery vehicles and coupling adapters can be conducted in a technical service approved by
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the TDT. Sometimes, the stand test should be supported by static and fatigue experiments
if a joining technology is selected for qualification concerning its quality or modelling. Taking
this information into consideration, the paper’s aim was proposed: a multistage mechanical
approach to testing components and their joints enables determining their technical quality
and type approval. Therefore, the paper collects a lot of details of experiments on components,
specimens of parent materials and their weld covering aluminium alloy and modern high-strength
steel.

2. Details of experiments

This kind of experiment requires dedicated research equipment such as a digital controller
(Instron Structural Testing for example), software (RSview used in stand tests), computer, mo-
bile servo-actuator (Saginomiya +30kN at angular position of piston rod applied for examining)
and a huge T-slot platform with a seismic mass (the laboratory section component of the Depart-
ment of Type-Approval and Testing of Motor Transport Institute). The digital controller should
be used to achieve the required technical level for durability tests. Such a device enables the
collection of different signal types such as displacement, force, rotation angle, and torque. It is
typically equipped with several measurement cards to acquire the digital and analogue signals.
A computer with special software for tuning, testing, and data collection supports durability
testing.

The main parameters of the durability tests, such as amplitude and frequency, can be es-
tablished basing on specific requirements. For example, UN Regulation No. 55 (UN/ECE, 2010)
was used in the tests on mechanical coupling devices. Information about the direction of the
force vector (an angle for the actuator) is also provided in the regulation, as shown in Fig. 3.
Additionally, it indicates the basic regime of the mounting components used for the examination.
No deviations from the procedure were allowed because durability tests play a crucial role in
component qualification concerning its quality, approval, application, and final sale.
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Fig. 3. Towing frame (for recovery vehicles on highways and expressways) on a stand testing platform:
(a) a general view; (b) a mechanical connection of the servo-actuator and frame through a spherical grip
and A50-X coupling ball.

This approach was supported by mechanical tests on specimens that assessed the base metal
and its weld. It is important to determine the following fundamental mechanical parameters:
Young’s modulus, elastic limit, yield stress, and ultimate tensile strength. These can be used
to determine the welding quality, quality of the welding technology, and model the component
behaviour under cyclic loading. Therefore, these tests were performed for the 6005 T6 aluminium
alloy and its weld. The specimens (Figs. 4 and 5) were cut from an aluminium alloy plate (Fig. 4)
using electrical discharge machining (EDM).

All the tests were performed at room temperature using an 8874 Instron servo-hydraulic
testing machine and a 2610 Instron extensometer, as shown in Fig. 5. Considering the aim of
the test, represented by the automotive component approval, faces and roots of welds were not
removed. This enabled the collection of data on the joint and comparison with the base material.
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Fig. 4. Aluminium alloy plate after specimens manufacturing for examination
of mechanical resistance of the weld.

(a)

Fig. 5. Aluminium alloy specimen in 8874 Instron servo-hydraulic testing machine:
(a) a base material; (b) with a weld.

3. Results

The results of the durability tests were strongly dependent on the type of signal used to
control the test stand. If a signal force is applied, the changes in displacement values can be
collected. They should be analysed at various stages of cyclic loading, including the last stage,
as shown in Fig. 6. Even small differences in the responses of a tested object can be effectively
demonstrated by applying this procedure. This is particularly evident in the changes in the
minimum values of the captured signal.
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Fig. 6. Displacement captured during the durability test of a towing frame for a heavy recovery vehicle
(test carried out at amplitude of £18.6kN and frequency of f = 6 Hz).

The same type of loading signal is used for other mechanical coupling devices such as adapters

for SUVs in the USA trade market. Although construction of the components is not complex,
a crack occurred in this case. This is visible in the region close to the weld as an effect of the
joining technology (Fig. 7).
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Fig. 7. Cracks in the adapter to SUV from USA market for a coupling after 1.7 x 10° loading cycles under
amplitude of +12.33kN and frequency f = 5Hz.

This type of results, due to cyclic loading, is visible in the aluminium alloy; however, in this
case, hairline cracks were the dominant type of damage, as shown in Fig. 8a. In steel, cracks are
typically more visible and easier to detect. These reflect the low quality of the joint and its
unfavourable influence on the base material of the vehicle frame, as shown in Fig. 8b.

Fig. 8. Cracks in the platform with a coupling function after 2.24 x 10° loading cycles under amplitude
of £10.3kN and frequency f = 4Hz for: (a) aluminium alloy; (b) steel.

Notably, visual observations, macrophotographic techniques, and dye-penetrant methods en-
able identification of cracks. The defect inspection method depends on the applied engineering
materials. Thus, in the case of typical steel grades (Figs. 7 and 8), observation or micropho-
tography techniques are very suitable, whereas in the case of aluminium alloy or high-strength
grades, these methods are not sufficient because of the occurrence of hairline cracks.

Therefore, if a component is made of an aluminium alloy or a high-strength steel, a macro-
photography technique (Fig. 9) at negative and positive loading values, as well as a dye-penetrant
technique, are recommended.

Fig. 9. Hair cracks in a component made of high-strength steel (ST00MC) using dye-penetrant technique
after 2 x 10° cycles.
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The second stage of the durability test is determining the causes of cracks. To achieve this
goal, tensile tests of welding joints are helpful because the recommended basic mechanical pa-
rameters of the object are selected by comparing the tensile characteristics of the base material
and its weld, as shown in Fig. 4. Differences in the tensile characteristics of the base metal and
welded material can be significant, reaching 120 MPa, as shown in Fig. 10. This also indicates
that the fatigue resistance of the joint was lower than that of the alloy. Therefore, this region
should be inspected during durability tests and considered for the mechanical parameters for
the failure effect analysis approaches. This can also be selected as a feature for the qualification
of the welding technology; however, the joining method should be improved.

250
6005 T6 aluminitim alloy
§ // _\\
=, Basematerial
@ 200
2 \
g r
Z 150
# | Welded material < N
100 l/ / b \ \\‘
i B A\
|E=72.441.3 [GPa] | | E=68.0 £3.1 [GPa]
| PL=51.8 £0.7 [MPa] | | PL=119.8 1.0 [MPa]
50 EL=71.5+2.9 [MPa] .|EL=186.1+3.8 [MPa
YS=86.7+1.7[MPa] ||YS=201.8+2.0 [MPa)
| UTS=141.4 £0.9 [MPa]| | UTS =229.5 +1.6 [MPa]
| RL=8.5£0.8 [%] | |[RL=8.9+10 %]
—_ a — — — — — T T J
00 0.02 0.04 0.06 0.08 0.10 0.12

Axial strain [mm/mm]

Fig. 10. Tensile characteristics of 6005 T6 aluminium alloy and its weld: E — Young’s modulus, PL —
proportional limit, EL — elastic limit, YS — yield stress, UTS — ultimate tensile strength, RL — relative
elongation.

Differences between the welded and base materials were observed in the fracture zones. The
alloy exhibited brittle failure (Fig. 10), whereas the joint exhibited ductile failure (Fig. 11).
Moreover, in the case of the weld, a range of heat-affected zones was clearly observed.

Fig. 11. 6005 T6 aluminium alloy after tensile test.

If the welding technology is suitable for the structural material, then the mechanical param-
eters of the joint can reach higher values than those of the base metal, as shown in Fig. 12.
This can be observed in the fracture regions because, in contrast to the weld in the case of the
parent material, a shear stress component occurs, as shown in Fig. 14. This is due to the higher
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Fig. 12. 6005 T6 aluminium alloy specimen with weld after tensile test.
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elongation value of the steel, as illustrated in Fig. 13. This causes the mechanical resistance of
the weld to be better than that of steel under static and fatigue loading.
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Fig. 13. Tensile characteristic of the STO0OMC and its weld.

(a)

Fig. 14. Flat specimens after the tensile test: (a) STO0MC; (b) the welded steel.

Nevertheless, as confirmed by the fatigue test (Fig. 15), the joint behaviour under cyclic load-
ing was worse than that of the base metal. The difference between the fatigue limit values of the
material sections was 290 MPa. This indicates that the weld is more sensitive to cyclic loading
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Fig. 15. Wohler curve of the STO0MC and its weld.

than the steel. This conclusion can also be drawn from the proportion of the fatigue limit values
and the ultimate tensile strengths, which were 0.66 and 0.36 for the base metal and weld, respec-
tively.

4. Summary

To determine the quality of a given object, durability testing requires the following conditions
to be met:

a) an assembly should reflect the operating conditions of the object;

b) tests should be carried out for at least 2 x 10° cycles;

c¢) the inspection should cover all types of connections;

d) test results must indicate the causes of cracks or deformations;

e) welding technology should be qualified based on tensile and fatigue tests.

Taking into account a component type, its following regions require attention:

a) coupling zone and arms and their welds to a towing frame of a recovery vehicle;

b) a region for welding a coupling hole plate and bar for a coupling adapter to SUVs from
the USA market;

c) a weld joining between an overrun section platform’s frame and its subframe to auto-
transporter.
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