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DELTASPOT AS AN INNOVATIVE METHOD
OF RESISTANCE SPOT WELDING

Resistance spot welding has established itself a@agide range of industries as
a cost-effective method for joining steel sheatsmiodern vehicle manufacturing
in particular, steel sheets of varying strengthslity and surface treatment need
to be joined. One of the problems of resistance wjetding in the automotive in-

dustry is the lifetime of welding electrode tipdhielnew innovative method of re-
sistance spot welding DeltaSpot should solve thablem by using the special

process tape between welding electrodes and joimatgrials. The paper de-
scribes the principle of DeltaSpot welding methaul &valuates the properties
of DeltaSpot joints made by combination of galvedizteel sheets DX51D+Z

(ag= 0.9 mm) and RA-K 40/70+Z100MBQd= 0.77 mm). The basic mechanical
properties of welded joints were evaluated. Somegpses were prepared for metal-
lographic analysis where the influence of the weddparameters on the structure
of welded joint was observed. The properties ot@&#pot joint were compared to
the properties of standard resistance spot joints.

Keywords: galvanized steel sheets, resistance spot welfefia Spot welding,
metallographic analysis

1. Introduction

Resistance spot welding is a joining process for thetal sheets during
which, in contrast to other welding processes, ilher imetals or fluxes are used
[1]. Instead, pressure exerted by electrodes jthiascontacting metal surfaces
via heat obtained from resistance to the electdoatent flow. Resistance spot
welding provides accelerated speed and adaptalbdityautomation in high-
volume and high-rate production; however, the tegpla suffers from inconsis-
tent quality between welds due to the complexityhef process itself and many
variables involved in the joining process [2]. Fert implementation and im-
provement of existing process, including weld gyadind time improvement,
electrode life extension, maintenance cost rednctiod development of new
techniques for resistance spot welding, will greathpact on the above noted
industries due to the large numbers of spot wéldg perform in their manufac-
turing processes [3, 4].
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2. Principle of deltaspot welding

Schematic of standard resistance spot welding rdeithahown in Fig. 1.
When the metal sheets are brought into contacttaldlee pressure applied by
both electrodes, the AC current flows through theess with the presence of
electrical resistance between the sheets. Theriekotnergy is converted into
heat mainly at the faying surface between the shieeihg welded. Due to the
large and fast increasing rate of welding curresgduin the process, the tem-
perature increases rapidly and causes the metetssteemelt at the faying sur-
face. A weld nugget is formed after the solidifioatof fusion zone and hence
two sheets are joined together. Normally, the sbelets are water-cooled to pre-
vent the electrodes from sticking onto the shedasa [1, 5].
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Fig. 1. Scheme of standard resistance spot welding

Figure 1 shows that between two electrodes, assefielectrical resistance
exists. The total resistance consists of two pas:bulk resistance including
R4.1 andRy., of the electrodes and,,; andR,., of the material and the contact
resistance valuel, . andR,, represent the contact area at electrode to sheet a
sheet to sheet interfaces. Bulk resistance is eifimof temperature. All metals
exhibit a positive temperature coefficient, whickans that their bulk resistance
increases with temperature. Bulk resistance becaristor in longer welds.
Contact resistance is a function of the extent kickvtwo surfaces mate inti-
mately or come in contact. Contact resistance ismgortant factor in the first
few milliseconds of a weld [6, 7].
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Theseresistances change during welding. The electresibtance of meta
increases with increasing temperature. This ineréasresistance boosts t
generation of heat, causing even more temperataredse. The change inc-
trical resistance is mostamatic at the contact interface between the woekq
parts where the weld nugget is formed. Due to jtidating the temperature
the interface rises until the material melts aradititerface breaks dov|[8].

The defining feature of DeltaSpot is trobot welding gun with runnin
process tape that runs between the electrodeshansheets being joined. T
continuous forwards movement of the process tapelteein an uninterrupte
process producing constant quality over a numbeshifs (Fig. 2). This results
in precision in the welding process and high etet#rservice life. Regular ci
cutting of electrodes is no longer necessary. Tloegss tape means thatc-
trodes are effectively protected against wear agubsits from sheet coating
This means that constant quality and reproducible wglgliaints are assure
over multiple production shifi

Process tape

Fig. 2. Process tape of DeSpot welding, elaborated based on [9]

The process tape transfers the welding current at the same time, o-
tects the contact surfaces of the electrodes framtaenination by zinc, aluin-
ium or organic residues. This protection results isignificantly increased r-
vice life for electrodes. The process tape providdsect sheet contaproduc-
ing a largely spatteiree welding result. It eliminates the otherwisewidable
rework necessary to meet new quality standards.prbeess tape needs to
replaced infrequently and this takes little timed &ffort. In normal use, tF
process tpe produces 7 000 welding points. If every segnodrihe welding
tape is used two or three times, the service &felme extended accordin9].

Figure 3 show®eltaspot welding and influence of using the process
on the total resistance. In themparison with standard resistance spot welc
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the bulk resistanck,; andR,, of the process tape as well as the contact resis-
tanceR,, between process tape and electrode are takethsccount.
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Fig. 3. Scheme of DeltaSpot welding using procaps t

The process tape transfers the welding current ainthe same time, pro-
tects the contact surfaces of the electrodes framtagnination by zinc, alumin-
ium or organic residues. This protection results isignificantly increased ser-
vice life for electrodes. The process tape providdsect sheet contact produc-
ing a largely spatter-free welding result. It elimies the otherwise unavoidable
rework necessary to meet new quality standards.prbeess tape needs to be
replaced infrequently and this takes little timed aeffort. In normal use, the
process tape produces 7 000 welding points. Ifyegsegment of the welding
tape is used two or three times, the service Hfelee extended accordingly.

3. Material and experiment

Double-sided hot-dip galvanized steel sheets RAK/@+Z100MBO of
0.77 mm thickness made by Voestalpine Austria, &Xb1D + Z (EN
10142/2000) of 0.9 mm thickness made by U.S.Stesid¢ were used for the
experiments. Average thicknesses of zinc coatingasared by contact thick-
ness gauge Quanix were as follows:
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* RA-K 40/70+Z100MBO - 18.2m,
» DX51D + Z (EN 10142/2000) — 1648n.
The basic mechanical properties of the observe@nmmats declared by the
producers and their chemical compositions are stiowiable 1 and 2.
The samples with dimensions of 40 x 92 mm and 32lapping according
to DIN 50 124 standard were used for the experimé¢hig. 4). Six samples
were prepared for every combination of sheets.

Table 1. Basic mechanical properties of used steels

Material Rpo.2[MPa] R [MPa] Ago[%0] Ngo
RA-K40/70 450 766 26 0.278
DX51D+Z > 140 270-500 >22 *

* — not specified by producer
Table 2. Chemical composition [wt %] of used stéelets
Material C Mn Si P S Al Cu Ni Cr
RA-K40/70 0.204 | 1.683| 0.198 0.018 0.003 1.731 0.028 0.p18 550{0
DX51D 0.64 | 0.178| 0.007 0.016 0.002 0.120 0.041 0J/02 0J023
Ti \% Nb Mo Zr
RA-K40/70 0.009 | 0.004| 0.004 0.008 0.0Q97
DX51D 0.002 - - - -
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Fig. 4. Dimensions of samples for the tensile tasd
principle of clinching

The samples with the DeltaSpot welds were madkaratffiliated company
of Fronius in Austria. Standard resistance spotinglwas carried out with the
pneumatic spot welding-machine BPK 20 of VTS ELEKI Bratislava pro-
ducer. CuCr welding electrodes were used for wgldaccording to ON 42
3039.71 standard. The diameter of working areshefdlectrodes was 5 mm.
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The parameters of both methods of resistance seloling (Table 3) were de-
termined according to the recommended welding perars by IIW — Interna-

tional Institute of Welding, adapted to welding rismes, technology of Del-

taSpot — process tape occurrence and its possiliThe welding parameters
for standard resistance spot welding were optimaatipublished in [10, 11].

Table 3. Spot welding parameters of both weldinghoes

Parameters F2 kN] | KAJ [periods]
z t [periods
Methods P
Standard RSW 4 6 12
DeltaSpot RSW 3 11 20

Fz— welding pressing forcé— welding current; — welding time (RSW — resistance spot welding)

The peak load and the failure energy were extrafreah the load dis-
placement curve. Failure mode was determined fioenfailed samples. Sam-
ples for metallographic examination were preparsithgistandard metallogra-
phy procedure with metallographical scratch pasigmepared according to 1ISO
6507-1 and ISO 6507-2 standards on Olympus TH 4r2i@@oscope. The sam-
ples were etched in 3% solution of HNO3 [12]. Cailtimicroscopy was used to
examine the sample microstructures.

4. Results

The measured values of carrying capacibigg, of resistance spot welded
joints of both methods are shown in Table 4. Tensbts were executed under
displacement control conditions on the specimerigorations in order to char-
acterise the static behaviour of the joints andegtmate the ultimate tensile
strength. The maximum shearing load was the mgsifsiant value obtained
from the ,load-displacement” curves (Fig. 5). Tleenh of the curves indicates
the behaviour of the joints under loading, espicdpacity for deformation.

The carrying capacities of DeltaSpot welds anddsteth spot welds are al-
most of the same values. Differences between msthate observed in the
marks of welding tips (Fig. 6). The obvious markswelding tips with the typi-
cal layer of brass were observed on the surfacesmbles made by standard
spot welding in comparison to DeltaSpot welded damprhe standard brass
layer was created by diffusion process of Cu irctebgles and Zn in surface
coatings of joined steels and has significant ¢ftec the lifetime of welding
tips [13].



DeltaSpot as an innovative method ... 49

Table 4. Measured values of carrying capackigs of resistance spot welded joints

Fmax [N] Fmax [N]
Sample no of Standard RSW of DeltaSpot RSW
1 7310 7420
2 7402 7635
3 7513 7610
4 6974 7419
5 7074 7590
= 8-+
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o
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Fig. 5. Load-displacement curves of spot weldendtgoafter tensile test

Only one type of the joint occurs in both methofleesistance spot welding
— fusion welded joint, where the weld nugget wal-put from RA-K steel
sheet (Fig. 7). The macrostructures of welded goaitboth methods are shown
in Fig. 8. There are no significant differencesnmtn the samples; typical shape
of spot welds was observed. The metallographicyaisatonfirmed formation of
fusion welded joints with characteristic areas @ldvmetal, heat affected zone
and base material (Fig. 9a). The base material X$1D consists of a fine-
grained ferrite-perlite structure. The microstruetof the RA-K steel base mate-
rial consists of a fine-grained multi-phase stroetwith dominant ferrite com-
ponent, bainite and retained austenite segregaidmondaries of ferrite grains.
The macrostructures of a weld joint show a charestite dendrite structure typi-
cal for resistance spot welds. The microscopic asi®en of macrostructures of
the welds shows no pores and cavities occurrinthenweld metal. Figure 9b
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shows microstructure of eltaSpot sample in the middle of weld nuggehe
microstructure of weld metal consists of mostlye-grained martensite arrang
in typical lamellar formations. Such lamellar fortnas prevent the austen
from transformation; therefore the retained austeaccurs in the microsic-
ture. Besides artensite, also ferrite and both forms of bainiew in the ri-
crostructure of weld met

b)

Fig. 6. Marks of welding tips: a) standard R, b) DeltaSpot
RSW

a)

Fig. 7. Welded samples after tensilet: a) standard RSW,
b) DeltaSpot RSW
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a) b)

a) b)

Fig. 9. Microstructure of DeltSpot weld: & weld nugget (WN) and heat affected zone (H/
b) weld nugget

5. Conclusions

Nowadays, the requirement for automobile weightucgidn has brougt
many newtypes of advanced hi-strength steels (AHSS) to automobile is-
try. A recent research in Europe showed that thle aisAHSS could signi-
cantly reduce the weight of automobile (about 25%). Rest# spot weldin
has great importance to automobile industry faatomplishes about 90%
car body assemblylhe paper evaluated the properties of joints madedw
innovative method of resistanceot welding known as Del&pot. The d-
vanced high strength steel -K 40/70+Z100MBO & = 0.77 mm) and th
drawing grade steel DX51D+.a5 = 0.9 mm) were used for experimel On the
basis of the conducted experiment, the followingabasions can be form:

1. Only fusion welded joints occur in the samples mag®eltaSpot weldin
with characteristic areas of weld metal, heat ééi@zone and base re-
rial.

2. No crack or failures were observed in the micradtmes of welded joint

3. The using of the procedape causes that electrodes are effectiveo-
tected against wear and deposits from the she@hge
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4,

The carrying capacities of DeltaSpot welds werghensame values as the
carrying capacities of standard resistance spalingl
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DELTASPOT JAKO INNOWACYJNA METODA PUNKTOWEGO
ZGRZEWANIA OPOROWEGO

Streszczenie

Zgrzewanie oporowe punktowe znalaztandrodne zastosowanie w wielu obszarach prze-
mystu jako ekonomicznie efektywna metodazenia blach. Potrzebackenia blach stalowych
o réznej wytrzymatdci, jakasci i obrébce powierzchni wygbuje we wspotczesnym przeihy
samochodowym. Jednym z probleméw punktowego zgmaiewaporowego w przenike samo-
chodowym jestzywotnas¢ koncowek elektrod zgrzewggych. Innowacyjna metoda punktowego
zgrzewania oporowego DeltaSpot rozmije ten problem przez zastosowanie specjalriepyta
pomiedzy elektrodami zgrzewagymi a hczonymi materiatami. Artykut zawiera opis zasady
zgrzewania DeltaSpot oraz ogemtasciwosci polgczer zgrzewanych metadDeltaSpot ztaonych
z blach stalowych ocynkowanych DX51D+2,(= 0,9 mm) i RA-K 40/70+Z100MBO& =
= 0,77 mm). Okrdono podstawowe wkgiwosci mechaniczne petzer zgrzewanych. G#¢
prébek byta poddana analizie metalograficznej w oddrelenia wptywu parametréw zgrzewania
na struktug polczenia zgrzewanego. Wiawosci polaczer DeltaSpot zostaty poréwnane z wha-
sciwosciami pohczer wykonanych tradycyjgpmetod, punktowego zgrzewania oporowego.

Stowa kluczowe blachy stalowa z powtakgalwanicza, zgrzewanie oporowe, zgrzewanie Del-
taSpot, badania metalograficzne
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