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Abstract— Resistance spot welding s widely used in the
automobile, ship, and food indusiries. The guality of the
connection is vital because it concerns the durability and
safety of the product. However, there are \‘lill man
connections that have low quality. The quafity of ¢ l
spot welding joints is affected by several factors, zmmd\
muaterial  preparation.  welding  time, welding  current,
electrade pressure given at the time of welding, and
treatment after welding] This rescarch wis conducted (o
anashyze how to improde the guality of resistance spot
welding joints by varying the roughness of the joint surface
before welding and current parameters during \w!diugi
Experiments have been conducted vsing stai
material 34 with a size of 175x25 mm. The mateciad is done
variations in roughoess before welding by providing a
vartation of roughness using sandpaper with four types of
roughness, namdy 834, 833, 24, 828 mummvunj
Welding parameters are performed using time variations o
5 seconds, 6 seconds, and 7 seconds, with currents of S kKA, 6
KA, 7 kA, and electrode pressures of 30 psi. 40, and 50 psi.
After the specimen is completed welding the shear tensile
strength is analyzed with the tensile test machine and
Gwyddion seftware is used to examine the macrostruciure
of the pugget joint of resistance spot welding. Finding shows
that the smoother the weld surface joint, the more the shear
tensile strength increased and the contour of the] welding
nugpets was lewer. In addition, the parameters of the
welding current, significantly affect the width of the welding
nuggets. Based on these two phenonmena, it is coneluded that
the subtiest roughness variation of the joint surface of the
Joint, raises the quality of the spot welding revistancdjoint,
Indlex  Terms— Rusistance spot welding, Welding time,
Elecirode pressure, Nuggel, Surface roughness.

. INTRODUCTION

304 stainless steel joints is affected
by conditions | Resistance spot
welding /RS\\*; }J\hdﬂ?tﬁu are procestes that must be
considered to ensure a connection between two quality
components | 1], In industry. for AIST 304, resistance spot
welding is used. Materials made of stainless steel are
comumonly used|2]. The ¢l al, and naval
industries {31, 24{1 Unfortunately. on the welding joint,
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AISI 304 stainless steel is less strong. Sometimes, there
are defects which reduce the quality of the weld joint [5].
Weld quality is the key to getting a good AISI 304
stainless steel joint. In general. the quality of welding
joints is seen from several things, namely: nugget size
{6]. [71{8]. material grain size  [9]. surface roughness
[101[11]. tensile shear strength [12], havdness value [13],
and failure type [14]. The quality of the AISI 304
stainless steel joint can be mechanically improved with
variations in surface roughness before welding. It can
also be with the proper selection of currents. According
to Kumar et al [1] th %\\q‘\zt correlation between the
tensile with nugget diameter.ccording to Luo et al [15]
AISI 304 steel surface using photos found nanoparticles
with an average-of 20 um on the surface that affected the
improvement of the mechanical properties of the joint.

1{\ the guality o f weldin

. it 18 nece
before welding,
welding,
v: surface fiber in w 'Imu !'m
71, use of NaOH cl;‘zmtp &

18], sealmy |

sistance spot

de  force

tlu, rciauumhip of rrmu*nd px eparation mth the selection
of suitable currents to improve the quality of welded
joints is still limited.

Therefore, The goal of this investigation is o see if
there is a link between roughness variation treatment and
preparation. with welding current selection for AIST 304
stainless steel material to improve the quality of the joint.
This research is important because the preparation of
materials with variations in roughness will make the
adhesion between the two specimens better, thus having
an impact on improving the quality of welded joints.




A. Rescarch methods
This study was consisted of several stages,
material preparation, welding, and testing.
Material Preparation

The material used was AISI 304 stainless steel plate. The
steel plate was tested for composition using the Oxford
]n\(mmem\ Cnmpmxuon te *-mw nmdnm The

namely:

footprint

investigated

Mutum}s MSI 3(34 xmmle\s »wel plate, cut using
sample { 8q-100 cutting machine, with a
standard size of AWS D8.9-2002 of 105x45x1 mm as
shown in Figure |. When the motadlograp cutting
machine was working., it was ensured to use « cooling
stream so that the cutting using the machine did not affect
the properties of the material.
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Treatmen

The treatment b sanding

¢ form ot

as connected using a modern

] uumuu of swface roughness used a mm.huf
machine SJ 310 Mittoyo. Meanwhile. the photo of the
equipment was carried out as shown in Figure 2. The
rw;g_hm.\\ of the connection surface used the following
0.34,0.33,024, and 0.20) um.

Figure 2. Roughness Test Process With Surftest Sj
310 Mitutoyo
B.  Treatment During Welding
The welding process used a resistance spot welding
machine with an electrode suppression system  using
pressurized air that could be adjusted pressure. The
current setting system used ani us:.::i settings. The setling

system welding time used the digital settings as exhibited
in Figure 3

Figure 3. Resistance spot welding nu L

As for the welding parameter optimization sctiings,
based on the standard AWS C1.I-MC.1:2012, were: for
specimens without roughness treatment or base metals
with a roughness of 0.34 um. electrode pressure of 30 Psi
welding current of 5 kA, and welding time of 5 seconds.
For specimens with a surface roughness of 0.33 pm. the
parameter settings were the same as for the base metal.
For a surface roughness of 024 pm, the eclectrode
pressure was 40 Psi, the welding current was 6 kA, and
the welding Umc was 6 seconds. For a surfuce Inxiﬂ;{:&ti;"»\
ure §

electrode ¢

rent was 7 kA, and the wel * time was
Is| Each experiment consisted of 3 specimens. The
average 'value of the three specimens was calculated so
that the results were more precise, with a total of 36
specimens.  Welding  parameters  with  roughness
conditions in detail could be seen in TABLE L

TABLE I. Welding Parameters and Conditions

‘v\'mdmu i’ur ameters Proces

Exped § Surface

i 36 5 5 | D34um
2 30 5 5 033 #m
3 40 6 6 | 024 Hm
4, 50 7 020pm

C. Connection Testing
The quality of the welded sample was tested using
the tensile shear method [25] as shown in Fieure 4.

Figure 4, Tensile Test Machine
Sample quality for electrode-subjected  surface
contours was tested using macro photos. The »mmu
contours  were  then  analyzed  with
softwure]26].




1L RESULT AND DISCUSSION

Welding quality can be analyzed with tensile strength
1271125], macsostructurd [28], and surface conditions [29]

in the area under cle 'jtrbﬂe pressure with gwytidimi”

software.

A, Connection guality testing with rensile share test
The results of connection guality testing of 36

specimens with each data were taken on average from 3

specimens so that the data displayed was more precise

specimens with tensile strenuth and contouring of
the connection surldee subgected to clectrodes are as
follows:

a. The relationship between roughness and maximum
voltage point in welding parameter settings is us
follows: electrode pressure 30 Psi. Current 5 kA, and
Time 5 seconds, as exhibited in Figure

Tensile Shear Load Vs Rou

Tensile Shear Load
kN
s
e o

{Wﬁld' & param

Figure § shmn that On the o nh“m ation of welding

settings. the tensile strength of base metal with a

surface roughness 0.34 um is: electrode prossure] 30

Psi. current 5 kA, and time S seconds. There & a

directly proportional relationst h; in_which_the

smoather the surface, the tensile strength mcrc,d\u

"i"ln.éhi:uhm! tensile strength of 4.2 KN

roughness of mromeaning that the sm

display. the higher shear tensile strength value. This
is due to the smoother the comnection surface, the
better the electrical resistance [30], and the heat input
u’i the welding area gets betier, so that the welding
connection has good quality.

b. The relationship between roughness and maximum
voltage point in welding parameter settings are:
electrode pressure 40 Psi, current 6 kKA. and time 6
seconds as obtained in Figure 6

Tensile Shear Load Vs Roughness

Eg@:

.34 133 .24 0.2
Roughuess {jm)

Figure 6. Current welding parameters 6 kKA
Figure 6 shows the relationship of tensile strength
with the surface roughness of 033 pm on the
welding parameter sets. namely: electrode pressure
of 40 Psi. current 6 kA, and time of 6 seconds. There

hecause, in Man

is a directly proportional relationship where the
smoother the surface. the more shear tensile strength
mcreases. The highest tensile strength is 6.5 k;"%k

higher than the most optimal research resultS

obtained by Manoj 1

auf [30] as big as 3.8 kN This is
redearch. the look onlyocuses
on optimizing parameters, wiile in this study. it is
focused on optimizing  parameters, and  the
preparation treatment prior (o welding with varied

surface roughne -,»l

There mwmh.p bétween rxmg.qwn and maximum
voltage point and welding parameter settings,
namely: electrode m‘“uu 50 Psi. ( urrent 7 kA, and
Time 7 seconds, is shown i Figup

Tensile Shear Loa Vs Roushness

E

Roughness {um)

Figure 7. Welding parameters Current 7 kA
Figure 7 shows that there is a relationship between
lcnsilc strength with the surface roughness of Ra

24 um at the setting of the electrode pressure
Wcidm“ pdmmelm of 50 Pw (‘unml 7 kA, and
Sihere 1s o
zﬁmmhxp where  the
smoother the surface, the more the shear tensile
strength increases. The highest tensile strength is 9
&N with the same parameter setting as reported by
Tanmoy [21] the tensile strength result obtained is
greater with a value of 2.4 kNl higher than the
tensily] strength result encounterkd by Manoj rau
{301 ik 38 1 is due to in the researc
conducted by and  Manoj rz:mln only
focused on optimizing parameters, while fn

the treatment of preparations before welding with
varied surface roughness.

It can be seen in the Figure 1. 2. and 3. the ¢iip
of roughness weatment is very influential g the
tensile strength of welding shm&j whére the
smoother, the higher the value of th shear tensile
strength.

ﬂﬁx:_‘ <
study, it is focused on optimizing parameters, and
< =




8.

Test results with macrostructre
photos, seen in TABLEI

Connection quality testing with rucrosivis ‘!m’e’.ﬁi

sl using _macro lens

TABLE 1L PHOTO MACROWITH VARIATIONS I8 ROUGHNESS

l;ev;:!ox’ H . B - . §
Roiéhicss Carent| Time | Pressure Phot
OUENICSS kAr [(Seconds  (Psi e
(et}
5
034 6
7
5
33 f
7
5
024 [
7
5
.24 i3
-

TABLE 1 shows the results of photographs using
macro cameras, then analyzed using gwyddion| software
to measure the contours of the surface subjected to
electrodes. Conneetion] sy ith a roughness of 0.20
um. a cwrent of TkA, of 7 seconds, and an
electrode pressure of 50 psi, it can be obtained that the
surface subjected to the electrode gets smoother. Tt
indicates that the smoother the surface of the connection,
the contours of the surface subjected to the electrode are
better. The detald results is shown three dimensional
contours, using gw bddiog (Figure 7).

.. © Quality testing with gwyddio

rﬁoftware analysis
. Based on macro photos with high-resolution digital,
- then in the analysis using gwddich‘s: are, part of the
area affected by the electrode. -
a. Figure 8 shows that the surface contours of the area
subjected to electrode pressure, at roughness Ra 0.34
um

£ 4]
*i 10% pm

825 pm

:
|
=

i

4

02
Figure 8. Surface contour Ra 0.34 um of the area
undergoing electrodes
Figure 8. can be scen that the surface contour of the
area subjected to electrode pressure at the surface
roughness treatment Ra 0.34 um, electrode
pressure 30 Psi, current 5 kA, and time 5 seconds)
The surface of the roughest area is in the center
subjected to electrode pressure with a roughness
velue of 1.01 um. {Figure 8.}
Figure Y shows that the surface contours of the area
subjected to electrode pressure, at roughness Ra 0.33

tm
OO um

60
Figure 9. Surface contour Ra (.33 um of the area
undergoing electrodes

Figure 9 indicates that the surface contour of the
electrode undergoing arca with a roughness on the
surface of 0.33 pm, electrode pressure of 40 Psi, a
current of 6 KA, and a time of 6 seconds, With the
roughest ares is on the edge to which the clectrode is
subjected, with a roughness value of 0.93 pm.




C.

Figure 10 shows that the surface contour of the area
subjected to electrode pressure, at roughness Ra
0.24 um

Figure 10. Surface contour Ra 0.24 pm of the area
undergoing electrodes

Figure 10. shows that the contour of the area
surface subjected to the electrode with the surface
roughness of Ra 0.24 um, pressure 50 Psi, the
current of 7 KA, and the time of 7 seconds, with the
roughest area is on the edge subjected to the
electrode, which is 0.82 um.

Figure 11 the surface contour of the area subjected to
electrode pressure. at roughness Ra 0.20 um

Figure [1. Surface contour Ra 0.20 um of the area
undergoing electrodes

Figure 7. can be seen that the surface contour of the
area subjected to electrodes with a surface roughness
Ra 0.20 pm. electrode pressure 50 Psi, current 7 kKA,
and time 7 seconds. The roughest area is on the edge
that is subjected to electrodes, which is 0.99 um.
Figures 8.9.10, and 11 can be scen that in terms of
roughness. the contours of the surface are subjected
to electrodes, where the smoother the surface of the
joint before welding, the lower the roughness in the
area subjected to the electrode. This is very good, so
that at the time of finishing, such as the vehicle body
reduces the use of putty and paint.
Nevertheless, it still needs to be tested for other
materials, especially dissimilar materials from the
surface. It is essential to find an ideal setting point to
get better surface contours.

IV CoNCLUSION

Based on the results, the optimization of welding
parameters with the teatment of the roughness of the
surface of the AISI 304 stainless steel joint. b lesting the
strength of the weld joint shear pull. macrostd :
surface roughness of the area that is subjectel
electrodes with 2wy umnlwfw.arc it can be concluded
that the higher the level of smoothness of the connection
surface of the material 1o be welded, the stronger the
connection. The higher the welding current, the higher
the tensile strength of the welding joint. The higher the
degree of smoothness of the surface of the joint, the more
delicate the surface area is ‘\Ubjuled io the cleurodc
Preparation material by the process of treating the surf;
[ the joint, it improves the guality of the connection
from resistancel spot welding

However, i this study is sill ited to AISI 304
stainless steel material, so it s recommended to test on

o
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