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Abstract 

INTRODUCTION: Based on the riveting theory, a 3D model of the riveting structure was established, and the riveting 
process of three kinds of plate thickness was simulated by Deform-3D virtual simulation, and the theoretical values of the 
key parameters of the riveting structure were obtained. 
OBJECTIVES: Through the tensile and shear tests of riveted samples, it was found that the simulation theory of key 
parameters of riveting was close to the experimental values, which showed the feasibility of the simulation. 
METHODS: Through the experiment, it was further found that the shear strength and tensile strength were increased with 
the increase of plate thickness. 
RESULTS: The shear strength and tensile strength of a 1.5mm thick plate were increased by 81.2% and 35.2%, respectively, 
compared with that of a 1.0mm thick plate. The shear resistance and tensile strength of the 2.0 mm thick plate were 111.4% 
and 54.5% higher than that of the 1.0 mm thick plate. 
CONCLUSION: During the experiment, it was not found that the upper and lower plates were separated directly, but the 
neck of the riveted joint was directly broken. 
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1. Introduction

As a kind of plastic forming joint process, rivet less surface
damage, stable connection quality and other significant 
advantages, have been widely used in the automotive field 
and aviation field [1,2]. In electric vehicles, this process is 
mainly applied in the connection of components, and the 
riveting without rivets connection is widely used in the 
connection of the battery pack structure [1]. The battery pack 
sealing top cover is generally made of plastic steel or 
aluminium alloy, but the use of thin aluminium alloy greatly 
reduces the weight of the battery pack to a certain extent, 
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there are certain difficulties in the installation of the top cover 
accessories. The top accessories are mostly used for fixing 
wiring harnesses, cooling water pipes and other functions (as 
shown in the structural relationship in Figure 1. The wiring 
harness and cooling water pipe are fixed on the top cover by 
spot welding or self-tapping screws. Due to the thin thickness 
of the top cover, the top cover will be destroyed by spot 
welding at high temperatures and self-tapping screw mode. 
Because the riveting without rivets process belongs to cold 
stamping, it is relatively friendly to the deformation and 
damage of the top cover, and the connection process has small 
surface damage and simple process, and has been widely used 
in the fixing of attachments [2,3]. There is a problem of 
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limited mechanical strength of joints in riveting without rivets 
[4]. In this paper, 5754 aluminium alloy plates are taken as 
the research object, according to the geometric parameters of 
the joint, the simulation model is established, and the 
connection strength and bearing capacity of the riveted joint 

under load are deeply studied by the combination of 
simulation and experiment. 

Figure 1. Structure relationship of the top cover 

2. Theoretical strength and evaluation of
riveting without rivets process

2.1. Riveting without riveting process 

The riveting joint is a method of cold stamping, which uses 
the die to cold press the upper and lower plates, and the plastic 
deformation of the plates makes the plates deformed and 
embedded in the mould to achieve the connection [4]. In the 
riveting connection process, the plate is mainly extruded by 
the punch, and the material is inlaid in the die. The riveting 
process is shown in Figure 2. The two layers of sheet metal 

are extruded by the punch down into the die during the initial 
pressing of sheet metal. The upper plate has a large shear 
deformation and becomes thinner under the extrusion of the 
punch, while the lower plate has a relatively small 
deformation. In the early stage of forming, the punch 
continues to move downward, and the upper plate is deformed 
and thinned to flow into the bottom groove of the die, but the 
lower plate has not entered the inside of the die. In the 
forming stage, the punch continues to go down, the lower 
plate flows to the concave die under a strong extrusion 
pressure and gradually fills the inside of the concave die, and 
the upper plate is gradually embedded into the lower plate of 
the concave die under a strong extrusion pressure, thus 
producing a joint point between the upper and lower plates. 

Figure 2. Riveting without rivets process 

2.2. Quality evaluation of riveted joints 
without rivets 

The quality of riveting without rivets can be evaluated by 
observing the joint and testing the mechanical properties of 
the joint [5]. Observation of riveted joints is a common 
intuitive evaluation method. The joint strength is evaluated 

by measuring the structural parameter values of the riveted 
joint. The geometric structure of the joint centre section is 
shown in Figure 3, and its geometric parameters include neck 
thickness value nT , interlock value uT  and bottom thickness

value X . The quality of riveting without rivets is evaluated 
by observing the change in joint structural parameters. 
According to the literature [6], the riveting strength is directly 
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affected by neck thickness value, interlocking value and 
bottom thickness value. The smaller the neck thickness value, 
the easier the joint is to break. The interlock value is related 

to the stability and reliability of the joint. The larger the 
interlock value is, the more reliable the joint connection is. 

Figure 3. Geometric structure and parameters of riveting without rivets joint centre section 

2.3. Joint strength and failure form 

According to the literature [6-8], the main failure loads of 
riveting without rivets joints are tensile and shear, 
respectively. In this paper, the axial tensile and transverse 
shear tests of riveted plates of different thicknesses will be 
conducted to explore the tensile strength, shear strength and 
the factors affecting the strength of riveting without rivets 
joints. 

2.3.1. Theoretical calculation of shear strength of 
the joint 
Figure 4-a shows the transverse shear force applied to the 
joint. When the transverse shear force gradually increases to 
a certain value, the neck of the connector will be shear 

fractured, as shown in Figure 4-b. At this time, when the joint 
reaches the yield limit, a neck shear fracture occurs, and the 
maximum shear force 1F  is estimated as follows [6]: 
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Where: sτ  is the shear strength of the plate;d is the diameter

of the riveted punch; nT  is the neck thickness. 
From the formula analysis, it can be seen that when the 

plate and riveting die are selected, the shear strength of the 
plate and the punch diameter are fixed, and the maximum 
shear force 1F  is proportional to the neck thickness nT .

（a）Shear force diagram （b） Neck fracture failure mode

Figure 4. Schematic diagram of transverse shear force 

2.3.2. Theoretical calculation of joint tensile 
strength 
The riveted joint is subjected to axial tension, resulting in two 
modes of separation, namely neck fracture and upper and 
lower plate detachment, as shown in Figure 5. The formula 
for calculating the tensile force 2F  when a neck fracture 
occurs is as follows [6]: 
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Where: p2.0R is the tensile yield strength of the plate. 

The maximum axial tensile load 3F  for the failure of the

upper plate and the lower plate is calculated as follows [6]: 
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Where: f  is the friction factor between the upper and lower 

plates, and θ is the embedding Angle. 
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It can be seen from the analysis of these formulas that TOX 
connection strength is positively correlated with neck 
thickness, interlock value embedding Angle, etc. The greater 

the connection strength is, the better the connection process 
quality is. 

Figure 5. Schematic diagram of axial tensile force 

3. Simulation and analysis of the riveting
process without rivets

3.1. Simulation model establishment and pre-
processing 

In this paper, the AL5754 thin plate was used for riveting 
without riveting. AL5754 aluminium alloy is an excellent 
choice for the riveting process due to its well-balanced 
mechanical properties, including moderate strength, 
corrosion resistance, and weldability. With a yield strength of 
approximately 98.3 MPa and a tensile strength of around 
227.2 MPa, it provides the durability needed for joints 
subjected to significant stress. The magnesium content 
enhances its corrosion resistance, making it particularly 
suitable for demanding environments such as marine and 
automotive applications, where longevity and reliability are 
critical. Additionally, AL5754's high ductility allows for 
significant plastic deformation without cracking, ensuring 
secure interlocking during the riveting process. Its 
lightweight nature contributes to overall weight reduction, 

which is essential for industries prioritizing fuel efficiency 
and performance. Moreover, the alloy's good thermal 
conductivity helps dissipate heat generated during riveting, 
preserving joint integrity. 
The properties of this material are as follows: the elastic 
model is 70Gpa, the yield strength is 98.3MPa, the tensile 
strength is 227.2MPa, the elongation is not less than 18%, and 
the density is 2.79g/cm3. Deform-3D software was used to 
conduct virtual simulation, and a riveting without rivets 
simulation model of plates with thicknesses of 1.0mm, 
1.5mm and 2.0mm was established. The simulation model is 
shown in Figure 6. In the simulation, the upper and lower 
plates are set as plastic bodies, and the moulds are set as rigid 
bodies [9-11]. The friction coefficient between the upper and 
lower plates, the punch (upper punch) the upper plate and the 
holder ring and the upper plate is 0.2, the friction coefficient 
between the lower plate and the die is 0.3, and the stamping 
speed is 5mm/s. The simulation model sets the upper punch 
diameter to d=5.4mm, the upper punch rounded Angle R to 
0.5mm, the lower die diameter D to 8.0mm, the depth of the 
die H to 1.4mm, and the radius of the lower die groove to 
0.5mm. 
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Figure. 6. Simulation model diagram 

3.2. Simulation Results 

In the research, riveting simulation research was carried out 
on three kinds of plates with equal thickness of 1.0mm, 
1.5mm and 2.0mm, and the equivalent strain distribution 
cloud map of the sections of the three plates after riveting 
without rivets was obtained, as shown in Figure 7. From the 
simulated cloud image, it can be found that the stress 

concentration in the contact neck area and the interlocking 
area of the plates with three thicknesses occurs, and the 
material flows to the inside of the die under extrusion. In the 
simulation results, three quality evaluation parameters, neck 
thickness nT , interlock uT and bottom thickness X , were

measured, and the data obtained are shown in Table 1. The 
simulation data in Table 1 was substituted into formula (1) - 
(3) to estimate the tensile force and shear force. The results
are shown in Table 2.

a 1.0mm                      b 1.5mm                          c 2.0mm 
Figure 7. Equivalent strain cloud diagram of the joint of plates with different thicknesses 

Table 1. The average values of neck thickness, interlock value and bottom thickness obtained from simulation 
results 

Table 2. Theoretical tensile and shear resistance of riveted joints 

Thickness 
（mm） 

Neck thickness value 
(mm) 

Interlock value 
(mm) 

Bottom thickness value 
(mm) 

1.0 0.295 0.343 0.48 

1.5 0.346 0.357 0.75 

2.0 0.463 0.401 0.82 

Thickness 
（mm） 

F1(N) F2(N) F3(N) 

1.0 518.55 1198.54 1199.07 

1.5 613.66 1418.96 1419.58 
2.0 870.71 2013.33 2014.21 
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4. Test analysis

4.1. Test Preparation 

The riveting test setting was consistent with the simulation 
parameters. Three groups of sheet materials of 1.0mm,1.5mm 
and 2.0mm were prepared according to the test requirements, 
and the size of sheet material was 25mm×80mm. The shear 
and tensile samples are shown in Figure 8. 

a. Transverse shear test samples b. Axial tensile test samples
Figure 8. Test sample 

4.2. Riveting test 

The riveting experiment without rivets was completed on the 
test machine, as shown in Figure 9. In the test, the test sample 
is placed on the lower concave die, the upper die moves 
downward gradually with the push of the testing machine, and 
the upper and lower plates are pressed into the concave die 
due to extrusion pressure, thus forming a riveting point. The 
riveted samples of 3 specifications were selected and cut 
along the centre line of the samples respectively, and the 
parameters of the riveted joints were detected by a video 
measuring instrument [12]. The video measurement images 
are shown in Figure 10. The neck thickness, interlock value 
and bottom thickness value of the riveted structure were 
measured, and the data comparison was shown in Table 3 and 

Figure 11. In the data comparison chart, it is found that the 
experimental values of neck thickness, interlock value and 
bottom thickness value are all lower than the theoretical 
simulation values. The error of neck thickness value in the 
1.0mm plate thickness group is 1.35%, the error of interlock 
value is 9.01%, and the error of bottom thickness value is 
10.4%. The error of neck thickness in the 1.5mm plate 
thickness group is 6.64%, the error of interlock value is 
5.04%, and the error of base thickness value is 9.33%. The 
error of neck thickness value in the 2.0mm plate thickness 
group is 4.75%, the error of interlock value is 4.48%, and the 
error of base thickness value is 7.3%. 
From the data analysis, it can be seen that the experimental 
values are close to the simulation theoretical values, 
indicating that the simulation theoretical calculation is 
credible, and the subsequent simulation research on tensile 
and shear resistance is of credible value. 

Figure 9. Riveting experimental device 
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a 1.0mm                    b1.5mm                    c 2.0mm 
Figure 10. Cutting diagram of the joint of plates of different thickness 

Table 3. Comparison between simulation value and test value 

Plate 
Thickness 

(mm) 

Neck 
Thickness 

(mm) 
(Simulated) 

Neck 
Thickness 

(mm) 
(Tested) 

Bottom 
Thickness 

(mm) 
(Simulated) 

Bottom 
Thickness 

(mm) 
(Tested) 

Interlock 
Value (mm) 
(Simulated) 

Interlock 
Value 
(mm) 

(Tested) 

1 0.295 0.291 0.48 0.43 0.343 0.312 
1.5 0.346 0.323 0.75 0.68 0.357 0.339 
2 0.463 0.441 0.82 0.76 0.401 0.383 

(a) neck thickness value
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(b) bottom thickness value

(c) interlock value
Figure 11. Comparison between simulation value and test value 

4.3. Mechanical Test 

Tensile and shear tests are carried out on the mechanical 
testing device to further verify whether the theoretical 
calculation of tensile and shear forces is reasonable. The test 

process is shown in Figure 12. In the test, the tensile and shear 
tests of three samples with different thickness specifications 
were carried out, each test was carried out 3 times, and the 
average tensile and shear forces were calculated. During the 
test, it was found that the riveted neck was broken, but no 
neck detachment was found. The failure forms of tensile and 
shear resistance are shown in Figure 13. 

       Figure 12. The test site   Figure 13. The failure forms of tensile and shear 
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In the process of mechanical testing, it was found that the 
shear strength and tensile strength increased with the increase 
of plate thickness. The shear resistance and tensile strength of 
the 1.5mm thick plate were increased by 81.2% and 35.2% 
respectively, compared with that of the 1.0mm thick plate. 
The shear resistance and tensile strength of the 2.0mm thick 
plate were increased by 111.4% and 54.5% respectively, 
compared with that of the 1.0mm thick plate. The data results 
are shown in Table 4 and Figure 14. In the mechanical test, it 

was not found that the upper and lower plates were separated, 
but the neck was broken. The tensile force and shear force 
obtained by the mechanical test became more obvious with 
the increase in plate thickness, and both were greater than the 
theoretical value, which was due to the problem of the value 
of the theoretical yield limit. The mechanical test ends with 
the separation between the two plates, and the plates have 
reached the breaking limit when separated, so there was no 
direct separation between the upper and lower plates.

Table 4. Comparison of the results of shear force and tensile force 

Plate 
thickness/mm 

Shear force/N Tensile force/N 

Simulated value Experimental 
value Simulated value Experimental 

value 
1 510 525 1200 1210 

1.5 600 920 1400 1650 
2.0 860 1100 2000 2250 

Figure 14. Comparison of the results of shear force and tensile force 
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5. Discussion

The Deform-3D simulation of the riveting process is based on 
plastic forming theory, modelling material deformation under 
pressure to create strong mechanical interlocks. The process 
involves localized plastic deformation as a punch presses two 
overlapping sheets into a die, generating compression and 
shear forces that enhance joint strength. Friction plays a 
significant role in material flow and shear stress distribution, 
with coefficients set to simulate real-world conditions. The 
simulation parameters include a punch diameter of 5.4 mm, a 
punch rounded edge of 0.5 mm, a die cavity diameter of 8.0 
mm, and a die cavity depth of 1.4 mm, all of which influence 
joint formation and strength. Shear and tensile loading 
conditions were modelled using theoretical equations, 
showing that neck thickness (𝑇𝑇𝑛𝑛) significantly impacts joint 
resistance to failure. The study employed the Finite Element 
Method (FEM) for stress-strain analysis, considering 
nonlinear plasticity models and strain rate sensitivity. 
Equivalent strain and stress distribution cloud maps identified 
areas of high deformation concentration, validating 
theoretical predictions. Comparisons between simulation and 
experimental data showed close agreement, with an error 
margin of 1.35% to 10.4%, confirming model accuracy. 
Further, experimental findings indicated that increasing plate 
thickness improved shear and tensile strength, with failures 
occurring primarily through neck fractures rather than plate 
separation. Ultimately, the study demonstrated that Finite 
Element Modeling (FEM) effectively predicts mechanical 
properties in riveting processes, reinforcing the importance of 
plastic deformation mechanics in improving joint reliability 
and performance. 

5.1. Practical Implications 

The proposed virtual reality (VR) simulation model for 
evaluating the quality and strength of the riveting process has 
broad practical applications across multiple industries. In the 
automotive sector, it enhances the assembly of lightweight 
aluminium battery packs in electric vehicles (EVs), ensuring 
structural integrity while preventing thermal damage caused 
by welding. It also optimizes riveting in car body 
manufacturing, improving crash safety and lightweight 
design. In the aerospace industry, the model aids in designing 
durable riveted joints for aircraft panels, optimizing material 
usage, and reducing experimental costs. Similarly, 
manufacturing and industrial engineering benefit from the 
model by improving sheet metal fabrication, predicting 
failure points, and ensuring better quality control. The 
renewable energy sector utilizes it in energy storage system 

designs, ensuring reliable connections in solar and wind 
power storage units. Additionally, the model serves as a VR-
based training tool, helping engineers and technicians refine 
riveting techniques in a risk-free environment. It is also 
valuable in consumer electronics for ensuring durable 
connections in lightweight casings for laptops and 
smartphones, as well as in construction for secure modular 
aluminium structures. The defence industry benefits from its 
application in military-grade equipment, improving 
durability under extreme conditions. Overall, the model 
enhances production efficiency, reduces material waste, and 
accelerates prototype development by allowing 
manufacturers to simulate and optimize riveting parameters 
before full-scale production. 

6. Conclusion

(1) The neck thickness, interlock value and bottom thickness
obtained by simulation theory are slightly higher than the
experimental value obtained by the riveting test. The error
between the theoretical neck thickness and the experimental
value is 1.35%-6.64%, the error between the theoretical
interlock value and the experimental value is 4.48%-9.01%,
and the error between the theoretical bottom thickness and the 
experimental value is 7.3%-10.4%, indicating that the
simulation calculation method was correct and credible value.
(2) The shear resistance and tensile strength were increased
with the increase of plate thickness, 1.5mm thick plate
compared with 1.0mm thickness plate, the shear resistance
and tensile strength increased by 81.2% and 35.2%
respectively; The shear resistance and tensile strength of
2.0mm thick plate were 111.4% and 54.5% higher than that
of 1.0mm thickness plate.
(3) The tensile force and shear force obtained by the
experiment increase with the increase of plate thickness, and
both are greater than the theoretical value, which is due to the
value of the theoretical yield limit.
(4) At the end of the experiment, no direct separation of the
upper and lower plates was found, but a direct fracture of the
neck was found. The reason is that at the end of the
experiment, the experimental value of the tensile force is
much higher than the theoretical value 3F , which leads to the

fracture of the neck structure. 

The proposed model for riveting battery pack structures has 
several limitations, including a discrepancy between 
simulation results and experimental findings, higher tensile 
and shear forces in experimental tensile and shear forces than 
theoretical values, and an inability to account for all possible 
failure mechanisms. The study focused solely on AL5754 
aluminium alloy, which may limit applicability to other 
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materials. Additionally, process variables like friction, 
punching speed, and tool wear were fixed in the simulations, 
which can vary in real-world applications. To improve the 
model's accuracy and practicality, future research should 
include expanding the study to include different aluminium 
alloys or composite materials, optimizing rivet geometry 
through modifications in punching processes, refining the 
simulation models with advanced material properties, strain-
hardening effects, and failure criteria, investigating the long-
term durability of riveted joints under thermal and 
mechanical stress, and integrating machine learning 
techniques to optimize riveting parameters. These 
improvements could lead to more accurate simulations and 
better-performing riveting techniques for battery pack 
structures. 
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