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Due to the increased use of lightweight sheet materials, there has been a signi�cant increase in the use of
self-pierce riveting. This paper deals with the strength and fracture mechanism of single-lap self-pierce riveted
joints. The online window technique was introduced in the single-lap self-pierce riveting processes for evaluating
the quality of joints. Signals obtained from sensors were ampli�ed and transferred to the data acquisition system
which measures, processes and saves the signals. Monotonic tensile tests were carried out to measure the ultimate
tensile strengths for the single-lap self-pierce riveted joints. For investigating the fracture mechanism of the single-
lap self-pierce riveted joints, the electrolytic polishing and anode �lm coating were used for dealing with the
cross-section. The di�erential interference contrast method was used for observing the micro-structure of the cross-
section of the joints. The distribution of the hardness in the cross-section of the single-lap self-pierce riveted joints
was also studied. The normal hypothesis tests were performed to examine the rationality of the test data.
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1. Introduction

As a result of the trend towards lightweight construc-
tion in manufacturing, some relative new joining tech-
niques are widely used in di�erent industrial �elds in
recent years [1�4]. Self-pierce riveting (SPR) has also
been developed rapidly into a new branch of mechanical
joining techniques. There have been a number of pub-
lished results on the static and fatigue properties of the
SPR joints in the past few years. Wood et al. [5] in-
vestigated the performance of self-piercing riveted joints
in aluminium sheet (A5754) at typical automotive crash
speeds. A �nite element (FE) model of the �xture and
test measurement system was developed to ensure a near
optimal design. Durandet et al. [6] studied the laser-
assisted SPR (LSPR) of AZ31 magnesium alloy strips.
A simple but e�ective thermal analysis of LSPR was pre-
sented that enabled both the absorption of the laser radi-
ation and heat transfer between plies to be determined.
Mucha and Witkowski [7] analyzed the shearing strength
of double joints made of various joining techniques. Por-
caro et al. generated an accurate 3D numerical model
for the coach peel self-pierce riveted (CPSPR) joint, sub-
jected to various loading conditions [8]. An algorithm
was generated in order to transfer all the information
from the 2D numerical model of the riveting process to
the 3D numerical model of the joint.

In present study, the strength and fracture mecha-
nism of single-lap self-pierce riveted joints were inves-
tigated. The online window technique was introduced in
the single-lap self-pierce riveting processes for evaluating
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the quality of the joints. Monotonic tensile tests were
carried out to measure the ultimate tensile strengths of
the joints. For investigating the fracture mechanism of
the single-lap self-pierce riveted joints, the electrolytic
polishing and anode �lm coating were used for dealing
with the cross-section. The di�erential interference con-
trast method was used for observing the microstructure
of the cross-section of the joints. The distribution of the
hardness in the cross-section of the single-lap self-pierce
riveted joints was also studied. The normal hypothesis
tests were performed to examine the rationality of the
test data.

2. Con�guration, material properties

of SPR joints

As shown in Fig. 1, the SPR joint comprises an upper
sheet, lower sheet and rivet. The tested sheet materials
were 5754 aluminum alloy plates of dimensions 110 mm
length, 20 mm width, 2 mm thickness, which were joined
together in the central part of lap section with one rivet.
The rivet is made of high strength steel and is of di-
mensions 5.5 mm long, 5 mm diameter. The mechanical
properties of the materials are shown in Table.

TABLEMaterial parameters.

Young's Poisson's Yield Ultimate Elongation

Material modulus ratio stress stress at failure

[MPa] [MPa] [MPa] [%]

Rivet 189000 0.30 1520.0 1720.0 22

Al5754 70300 0.33 114.0 250.0 24

3. Single-lap SPR process online monitoring

With a built in window monitoring system, SPR pro-
cesses were carried out by a RIVSET MTF SPR machine.
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Fig. 1. A single lap SPR joint.

The process window monitoring of SPR joint is carried
out by measuring actual SPR setting force through a
force sensor and punch travel through a position sensor.
The SPR setting force re�ects the deformation force on
the sheet materials and the punch travel indicated the
geometric change of the sheets during SPR process. Sig-
nals obtained from sensors are ampli�ed and transferred
to the data acquisition system which measures, processes
and saves the signals. A computer is used to save the
measured data and generate the force-travel curves. All
SPR joints were made with constant pre-clamp (5 kN)
and setting (45 kN) load.

Fig. 2. Force-travel curves of SPR joints.

Before the monitoring process, a reference force-travel
curve must be established under the standard work con-
ditions which were based on a range of experiments. The
SPR joint could be supposed to be of good quality under
these conditions. It is obvious that under the same work
conditions, the monitoring force-travel curves should be
very close to the reference one and nearly the same. The
corresponding SPR joints would have similar good qual-
ity. Figure 2 and 3a show the force-travel curves and
SPR joints separately.

4. Tensile tests

A servo-hydraulic testing machine with hydraulic grips
was used for conducting the tensile tests of SPR joints.
All tests were performed by using displacement control.
The upper end of the joints was �xed and a quasi-static
downward displacement was applied to the lower end.
The displacement rate of 5 mm/min was applied for all
tests. Continuous records of the applied displacement-
load curves were obtained during each test. Figure 3b

Fig. 3. Tensile tests of the SPR joints.

Fig. 4. Force-displacement curves of SPR joints.

shows the monotonic tensile process. It is clear that joint
rotation occurs during tensile tests.

5. Experimental results

Figure 3c shows failed SPR joints. It can be seen from
Fig. 3c that the failure mode was plate failure forming
at the contact location between the rivet bottom and
the lower sheet. In the tests, plastic deformation around
contact location developed to such a large level that the
rivet was pulled out from the lower sheet.
Figure 4 shows the force-displacement curves of

SPR joints. To examine the rationality of the test data,
the normal hypothesis tests were performed using MAT-
LAB 7.0. The results show that the maximum tensile
strengths of SPR joints follow normal distributions. The
mean values (µ) and standard deviations (σ) have the
following numerical values: µ = 2646.4 N, σ = 209.13 N.
All test data �tting the region estimated by the degree of
con�dence of 95% and the con�dence interval is [2353.4�
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Fig. 5. Maximum tensile strengths normal probability
density distributions of the SPR joints.

2939.5]. The maximum tensile strengths normal proba-
bility density distributions of the SPR joints are showed
in Fig. 5.

Fig. 6. Microstructure variations on the cross-section
of SPR specimen in: (a) un-deformed zone; (c) mechan-
ically a�ected zone; (b) and (d) rivet-sheet contacted
zone.

6. Fracture mechanism

For investigating the fracture mechanism of the
SPR joints, a SPR joint specimen was cut from the
center-line of the rivet perpendicular to the length of
the specimen. As is well known, it is di�cult to dis-
play the grains of aluminum alloy by normal chemistry
etching. The electrolytic polishing and anode �lm coat-
ing were used for dealing with the cross-section, then the
di�erential interference contrast (DIC) method was used
for observing the micro-structure of the cross-section of
the SPR joint. Figure 6 shows a variation in grain size
and shape from un-deformed zone, to mechanically af-

fected zone, then to rivet-sheet contacted zone. The av-
erage grain size ranges from 45 µm at un-deformed zone
(Fig. 6a) to 37 µm at mechanically a�ected zone (Fig. 6c)
then to 25 µm at rivet-sheet contacted zone (Fig. 6b, 6d).
The grain shape changes from equiaxed grain to streaky
grain. Alternatively the distribution of the hardness in
the cross-section has also been studied. Similarly the av-
erage hardness ranges from 73 HV at un-deformed zone
to 85 HV at mechanically a�ected zone then to 102 HV
at rivet-sheet contacted zone. It implies that the mate-
rial around the rivet was remarkably work hardened due
to the plastic deformation during the SPR process.
It can be seen from Fig. 6 that some cracks have oc-

curred in upper sheet at the interfaces between the rivet
and sheet or the two sheets (Fig. 6b). That could be the
reason why all of the failures occur in the upper sheet of
the SPR joints. It was con�rmed that the crack site in
the cross-section is in accord with fracture site in exper-
imental tests.

7. Conclusions

SPR is a new high-speed mechanical fastening tech-
nique which is suitable for point joining advanced
lightweight sheet materials. The ultimate tensile strength
and fracture mechanism of the single-lap SPR joints was
investigated in this study. The online window technique
was introduced in the single-lap SPR processes for eval-
uating the quality of the joints. Signals obtained from
sensors were ampli�ed and transferred to the data acqui-
sition system which measures, processes and saves the
signals. Tensile tests were carried out to measure the ul-
timate tensile strengths for the joints. Deformation and
failure of the single-lap SPR joints under monotonic ten-
sile loading were studied. The electrolytic polishing and
anode �lm coating were used for dealing with the cross-
section, the di�erential interference contrast method was
used for observing the microstructure of the cross-section
of the joints. The normal hypothesis tests were per-
formed to examine the rationality of the test data.
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