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INTRODUCTION

In the field of joining metal elements, there 
has been a considerable improvement in the qual-
ity and increase the quantity of joining methods 
over the past few years. One of the more fre-
quently used methods in recent years is Friction 
Stir Welding (FSW). This method is the subject 
of intensive research [1, 13, 16, 21]. Friction Stir 
Spot Welding (FSSW) is one of the variants of 
friction welding gaining wider use in the automo-
tive [10, 12] and aviation industries [12, 16].

The difficulties of making high quality weld-
ed joints using traditional methods have been par-
tially overcome by FSSW technology in the auto-
motive industry. In turn, the aviation industry de-
mands the development of an inexpensive meth-
od of joining precipitation hardened aluminium 
alloys, which can ensure high joint strength while 
lowering the work load of the process in compari-
son to traditional methods. Friction stir spot weld-
ing is an alternative to resistance welding, rivet-
ing, and adhesive bonding of lightweight alloys 
and it has many benefits [8, 14, 20, 23, 26, 27]. 

The FSSW method can also combine materials 
with various properties [2, 3, 5, 25]. The qual-
ity of the joint is affected by the process param-
eters like rotational speed, tool plunge speed, 
tool plunge time and tool exit time [6, 22]. The 
main flaw of the FSSW method is the hole that 
results from the welding process that significantly 
weakens the strength of the joint [19]. This flaw 
is eliminated by a following method based on 
FSSW, in which the hole left from the tool is filled 
using different process kinematics. Refill Friction 
Stir Spot Welding (FRSSW) consists of welding 
two pieces of sheet metal using a tool made of 
pin and a sleeve. A diagram of the friction weld-
ing process is presented in Fig. 1. This method is 
based on local (spot) friction heating in the area 
of the joint by a rotating tool. Initially, the sleeve 
plunges into the material and pushes it into the 
place of the receded pin. Next, the sleeve recedes 
from the material leaving room for material ex-
trude by the pin. 

The use of a divided tool to weld in the 
RFSSW method changes the kinematics of cre-
ating a joint, the connection is homogenous and 
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Figure 1. RFSSW process diagram

free of areas with lower densities of the alloy. The 
strength properties of the joint are similar to those 
of the parent material [4, 7, 9, 15]. This is a ben-
efit that achieves the full load carrying capacity 
of the joint and replaces hitherto joining methods 
like riveting or resistance welding. Correctly se-
lected tool operating parameters ensure the de-
sired effects in the form of proper joints. Incor-
rectly selected parameters lead to the creation of 
a joint of poor quality, containing multiple micro 
and macroscopic defects and lower load carrying 
capacity [7, 17]. During the RFSSW method, the 
tool experiences wear very quickly, which affects 
the quality of the joint along the bead line. Wear is 
caused by substantial and repeated loading of the 
tool with torque, and the significant friction of the 
operation causes high temperatures. Both factors 
lead to the creation of a gap between the pin and 
the sleeve, which negatively affects the joint [18].

The article focuses on the analysis of tool 
plunge depth on the strength properties of a 
7075 – T6 aluminium alloy joint. Various types of 
resulting failures from the static shear strength test 
were presented. The device used to conduct the 
pure shearing strength tests was also presented. 

MATERIALS AND EXPERIMETNAL 
METHOD

The experiments were conducted using the 
RFSSW method on a HARMS WENDE ma-
chine with the RPS friction spot welding system 
(Fig. 2a). The RPS 100 friction welding system 
welds aluminium alloy sheet metal and approved 
alloys for plastic processing consisting of light 
metals and non-ferrous metals through the use of 
rotating tools (Fig. 2b). The total thickness of the 
welded sheet metal should not exceed 8mm. The 
feed motion is done by the friction welding tool. 

The tool end is built into the grip. The RPS 100 
system has an additional function of measuring 
force with integrated measurement box and mea-
surement sensor near the tool [11].

The experiments were conducted on plated 
7075-T6 aluminium sheet metal. The chemical 
composition of the alloy is presented in Table 1.  
The shapes and dimensions of the samples are 
presented in Figure 3a.

The welded joints were made with vari-
ous tool plunge depths. For this purpose, sam-
ple joints were made with a constant rotational 
speed of 2600 rpm and a welding time of t=1.25s. 
The tool plunge depths ranged from 1.25mm to 
1.75mm with a step of 0.05mm. In order to have 
repeatable joint positions, a special fixture was 
made (Figure 3b).

Sample with the welded joint underwent 
strength tests. The tensile strength test was done 
a ZWICK Z100 strength test machine with a feed 
rate of 5mm/min. As a result of the tensile strength 
trials, the samples were in a complex stress state. 
With pure shear, there is virtually no need for cal-
culating the structural elements of the machine. 
However, there are many technically significant 
cases where transverse forces and shearing stress 
have a deciding effect on the stress state. Nor-
mally the concurrently occurring stresses caused 
by bending are excluded. Several critical simpli-
fying assumptions are made. As a result, simple 
shear is examined. 

In joints of this type (Fig. 4), it is assumed 
that the direction of the shearing force is shared 
by the transverse axis of symmetry of the joint, 
while the distribution of shear stresses is evenly 
distributed though out the entire section. 

The behavior of joint susceptible to shearing 
loads is demonstrated by a shear strength test. 
The results of this trail can be used to determine 
allowable stress, used to calculate the aforemen-



43

Advances in Science and Technology Research Journal  Vol. 12 (1), 2018

Table 1. Chemical composition of 7075-T6 aluminium alloy (wt.%)

Si Fe Cu Mn Mg Cr Zn Ti Other impurities Al
0.4 0.5 1.2~2.0 0.3 2.1~2.9 0.18~0.28 5.1~6.1 0.3 0.05           0.15 Rest

a) b)

Figure 2. Friction spot welding machine made by HARMS WENDE (a), tool image and tool dimensions (b)

a)

b)

Figure 3. Dimensions of the welded joint samples (a), fixture used to position the samples (b)
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tioned joints. Thus, this is a purely practical trial. 
In order to achieve pure shear in the strength test, 
a device ensuring this state was made (Fig. 5) 

RESULTS AND ANALYSIS

Analysis of the results showed that tool 
plunge depth has significant effect on the load 
carrying capacity of the and structure of the joint. 
Depending on the tool plunge depth, three types 
of joint failure were observed during the static 
shear strength test (Table 2). In turn, Figure 6 
presents load carrying capacities of the joints on a 
graph. For smaller tool plunge depth values (54 – 
57%), joint shearing was observed in the presence 
of small normal component stresses (type I). For 

tool plunge depths of 57 – 61.5%, partial tearing 
of thinner sheet was observed near the joint. This 
is evidence of a complex stress state and a signifi-
cant role of the normal component (type II).

At plunge depths of 61.5 – 67%, the thin-
ner sheet was completely torn away, indicating 
that normal stress was prevalent in surface of the 
joint in the instance of failure (type III). These 
joints can be characterized by their slightly lower 
strength in comparison to joints made with less 
tool plunge. The cause of this should be ascribed 
to first and foremost the complex stress state that 
occurs during the static shear test. Increasing the 
share of normal stress causes the joint to not only 
experience shear but also peeling. It is impossible 
to directly compare the results from different tool 
plunge depths. In order to compare the results, 

Figure 4. Example loads and joint deformation

a) b)

Figure 5. Device used during strength tests (a), image of the device on a strength test machine (b)
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one more degree of freedom of the sample should 
become fixed during the static shear strength 
test, disenabling its bending and the prevalence 
of normal stress. 

A shear strength test was conducted using the 
fixture. The fixture forced a simple stress state 
that resulted in values that allowed for meaning-
ful interpretation. 

The results presented in Fig. 6 unanimously 
state that the joints that underwent pure shearing 
showed that tool plunge depth had a significant 
effect on the load carrying capacity of the joint. 
Increasing the tool plunge by 30% caused the 
joint strength to double. 

CONCLUSION

The main goal of the study was determining 
the effect of tool plunge depth in refill spot weld-
ing on the strength of the joint. In order to assess 
the strength parameters of the joints, static shear 

strength tests were conducted. An analysis of the 
results of the strength tests without forcing pure 
shear shows that the value tool plunge depth af-
fects not only the load carrying capacity of the 
joint but also the failure type. At low tool plunge 
depths, the share of normal stress was not great, 
however an increase in plunge depth caused an 
incremental decrease in load carrying capacity. 
Using the fixture that forced pure shear allowed 
for meaningful results on the basis of which a 
constant increase load carrying capacity with tool 
plunge depth was noticed. 

The joint load carrying capacity is not the 
only criterion for selecting plunge depth. An im-
portant criterion is tool wear, which with the in-
crease of plunge depth increases the temperature 
of the process. Also, the process run time increas-
es with the increase of plunge depth. The pre-
sented criteria are very important economically, 
as a result it is important to consider qualitative 
features as well as economic ones when selecting 
process parameters. 

Table 2. Types of sample failure depending on the tool plunge depth

Failure type

Type I Type II Type III

Stress – strain
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