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Investigation of the Influence of Resistance Spot Welding Parameters on
the Tensile Shear Strength of Dissimilar Joints between Aluminum Alloy

and Low-Carbon Steel
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\dou waAnssumsuandinuaznsnefvessdnsewinesgiilleuman 5052 Aumdnndiaueunansii SPFH 780
Tnglddeulafidu alunmsudesnssuartuazinailunisUdesnszuanias 0 uag 15 Cycle lasAruamuzIng
v098idnInanidu 0.075 MPa waw 0.150 MPa arnuansAnwn wuddeulufidemalitunuiisanufuniuisds
euuinnsesdevestunugeanie natlumsudssnssuaniudl 15 Cycle naTlunisudosnszuariasi 0 Cycle
LATLIINATEIBIENININ 0.075 MPa dwSumsliaszingnssunisuansinnuintunuilieanud s
Bougegnusngngdnssunisuaniinuuumies (Ductile) uasfinisefiiuvesduasusznoudslangveaa

Alg 95M8o 05, (AlgsCros)Fe, CrogsFeqer baE Fes go(Alg aarSip sse)

AdAgy: natlumsdasunszuanity, natlunmslasunszuaniag, Lsnavresdianingg, AnusiunuLsRudou,

NSBUANUAUNIURUUYA, WORANTTUNTWANTN, Tuansusenaudislane

Abstract

This study aims to investigate the influence of resistance spot welding parameters on the tensile
shear strength, fracture behavior, and crystal formation between 5052 aluminum alloy and SPFH 780 low-
carbon alloy steel. The welding parameters included an upslope and downslope current time of 0 and 15
cycles, respectively, with electrode forces controlled at 0.075 MPa and 0.150 MPa. The results revealed
that the condition yielding the highest tensile shear strength at the joint was an upslope current time of
15 cycles, a downslope current time of 0 cycles, and an electrode force of 0.075 MPa. Fracture behavior
analysis indicated that the joint exhibiting the highest tensile shear strength demonstrated ductile fracture
characteristics. Additionally, phase formation analysis revealed the presence of intermetallic compounds,

including AlyosMgg gs, (Al sCrg s)Fe, CroosFeq o7 ke Fe, oAl 441Si0 s50)

Keywords: Up slope, Down slope, Electrode force, Tensile shear force, Resistance spot weld,

Fracture Behavior, Intermetallic Compound
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wahnseusienIosdeuaruiuniu PANASONIC 3u YR500-CM2 wunafds 50 KVA 50 Hz laglddianinse
PNAFURILAUENAS 16 mm NfidnvarlAuusazdnasusnulaedidninie lnedidninsainainian CuCrzr
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Tngldndosqganssmididnnseunuudednsin (Scanning Electron Microscopy: SEM) 8% JEOL $u JSM-6510LV
WAEILATIENNITNTLANLAIVDISINUSLIUTOUUANWNAIY Energy Dispersive X-Ray Spectrometry (EDS) o
Oxford U X-MAX wagynsnsadeUtuasUsEnoudslaventeilaiiAnuinasosunniinvedunuildda
funmuussiadeugaaauaziunuildmanuiumunssiadousan lnsagldnsiiasgininisiuuessed
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Mnmsnaasadonanuiumutuny ndndulfinitununinmeaeuanuudusinusessde
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Up Slope Down Slope Electrode Force Average Tensile Shear Force
Samples No.
(Cycle) (Cycle) (MPa) (N)
1 0 0 0.075 2712.06
2 0 0 0.150 2367.40
3 0 15 0.075 2325.54
4 0 15 0.150 2833.18
5 7.5 75 0.115 2369.90
6 7.5 7.5 0.115 2424.84
7 75 75 0.115 2613.39
8 15 0 0.075 3939.98
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9 15 0 0.150 3266.13
10 15 15 0.075 3263.89
11 15 15 0.150 1727.76

3.2 wgAnssuMsWANTNUAzAsHafvastuasUsznauldanzuinnsessie
Tunisiesesinginssunisunninuessesselunisifennnusuilddeoulyvieanniglunindend
wansineiu Tnglunisdnuifldvinsdadenannznisdeuiidmalitunuiinuauisolumsduwssfadoud
izﬁuqnﬁqm i Up Slope = 15 Cycle Down Slope = 0 Cycle Wwag Electrode Force = 0.075 MPa @ msuanig
nsidenfidwalidunuianuannsalunmsduseiadeuiisssudnansit Up Slope = 0 Cycle Down Slope = 0
Cycle wa Electrode Force = 0.075 MPa dnduaniznsideudidmalidunuiiaiuaiansalunisiunseis
Laauﬁizﬁuﬁ’]wﬁu%aﬁ Up Slope = 15 Cycle Down Slope = 15 Cycle Wag Electrode Force = 0.15 MPa 14U
MNITIATIEINGANTTUNITUANTNLALNITNTLNLFIVDIET9) uelAEEnsefitureuasUsEnauyina
sopslavosturuiiAnnisuanitn Gamzdeulaiildianuiumuussiadeugeanuasiign)
dovunuiildanngnmadeniidemalitunuiinnuausalumsduussiadouaigeani 3939.98 N
TUMNI9IAI 12N RNTINAITHANIAN WusEELANTNFL Dimple (@nvazyuidn 9 finannisinsvedanyly
sywiensuaninuuumien) vuilufivesnisuaniinuasiinisiafiaesdny uwansdsisuaniinuuumilen fe
LLaﬂaiugﬂﬁ 2 (af) LLazgﬂﬁl 3 (a-f) AuEnfu %at‘flquamiumsmeﬁmmumﬁmsuaﬁyumuﬁmmé‘ﬂné”]mﬁ‘uau
WaNs1 SPPH780 wagduazgiifiounay 5052 lnsmadaunninuuumisiiuiudefvesnmantfidnaves
seuste sevsefintudeinnisuaninazinnmsuaninuuumiendesdianudumudennudled widninns

LANFNLUUUSIZTRELANTIARTUIEVEN8fd lULade [18-19] ﬁﬂﬂzjﬂ15amawa\‘imméfmmwiammﬁwaqiasm'a

Resistance spot Scanning electron micrograph Scanning electron micrograph
welding specimen 35X 00X

Fracture surface of | Scanning electron micrograph Scanning electron micrograph
Fe side 200X 500X

Up slope = 15 Cycle
Down slope =0 Cycle| SRS
Pressure = 0.075 MPa

Scanning electron micrograph Scanning electron micrograph
2000X 4000X

JUN 2 woRnssunisuanindnumanndiansueunaumneliindavenesinge vestunuiiliranudumu

WseAuZeugaga: (a): 35 Wi (b): 100 11 (0): 200 Wi (d): 500 i1 (e): 2000 W1 Uag (: 4000 Wi
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Resistance spot Scanning electron micrograph Scanning electron micrograph
welding specimen 35X 00X

Fracture surface of
Al side

Up slope = 15 Cycle
Down slope =0 Cycle| &
Pressure = 0.075 MPa

Scanning electron micrograph Scanning electron micrograph
2000X 4000X

(e

JUN 3 ngAnssunsuanvinauergilloamaunielinaenesng 9 vestunuilininnuiuni

WseAuRaUgaEa: (a): 35 Wi (b): 100 11 (0): 200 Wi (d): 500 i1 (e): 2000 Wi Uae (: 4000 Wi

lumswengununliriaudumuusiadeussaumnasdmsunsAnwiegn 2712.06 N 1aviins
AATILANGRANTIUNITUANTN NUTNAANITUANTINUIIIUTOERR (Interface) Asanslugud 4 (a-f) uasgui 5 (a-f
AUARU warnuIfinssusIngsesuaninfil Snvaedn dintesuuiuinvesnsuaniin dwandluguil 4 (0 3

wansdasRssaTiuSUAmLWIRNTUUSHusesalaldRaulvlun N AsuLUasly

Resistance spot Scanning electron micrograph Scanning electron micrograph
welding specimen 100X

(AN

T'racture surface of | Scanning electron micrograph Scanning electron micrograph
Fe side 200X

Up slope = 0 Cycle
Down slope = 0 Cycle

Pressure = 0.075 MPa

Scanning electron micrograph Scanning electron micrograph
2000X 4000X

JUT 4 woAnssunsuaninduminndinrsueurausfiunnasiuweiunuiiiranusiumiu

LIIRUABUTEAUAINGNS: (a): 35 Wi (b): 100 311 (©): 200 111 (d): 500 1911 (e): 2000 Win kag (f): 4000 1N
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Resistance spot Scanning electron micrograph Scanning electron micrograph
welding specimen 35X 100X

Tracture surface of | Scanning electron micrograph Scanning electron micrograph
Al side 200X 500X

Up slope = 0 Cycle

Down slope = 0 Cycle| #

Pressurc = 0.075 MPa

Scanning electron micrograph Scanning electron micrograph
2000X 4000X

JUN 5 nginssumsuaninaueraiiloaunaniiuine1aiure @ununlirinuium

LIIRAABUTEAUAINGNS: (a): 35 Wi (b): 100 1 (©): 200 1 (d): 500 111 (e): 2000 Win @z (f): 4000 1N

Tumsnssfudsduruilddeulilunsdouilddaruiunuusaiadouaisigni 1727.76 N devh
MARTEIngAnssINsULANTn wuliAnnisuaniinuTinsessie (nterface) waglivsngsesunniniisl dnwase
Yadn 9 vuuReIsuanTindauansdesessetuiirnuuduseios dsdinfansuaninuuudnzsfntuuinag
sousi0 dwmaliisosunnitintuazaenedaluldie vilugnisanasmesranuiumuussiadounasaufumy

AoANAYRITeERe Aaanslugunl 6 Largun 7 audny

Resistance spot Scanning electron micrograph Scanning electron micrograph
welding specimen 35X 100X

Sanaraiil i

Fracture surface of | Scanning electron micrograph Scanning electron micrograph
Fe side 200X 500X

Up slope = 15 Cycle

Down slope = 15 Cycle]

Pressure = 0.15 MPa

Scanning electron micrograph Scanning electron micrograph
2000X 4000X

JUT 6 woAnssunsuANinTeLNUAMUMANNAIANSUsUNENM TIkANATuTe T UNUTlRAIAIAWIY
wsepaLAaUAgR: (@): 35 1 (b): 100 111 (c): 200 i1 (d): 500 i1 (e): 2000 111 wag (f): 4000 i
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Resistance spot
welding specimen

Scanning electron micrograph
35X

Scanning electron micrograph
100X

Tracture surface of
Al side

Scanning electron micrograph
200X

Scanning electron micrograph

500X

Up slope = 15 Cycle
Down slope = 15 Cycle]
Pressure = (.15 MPa

Scanning electron micrograph Scanning electron micrograph
2000X 4000X

Ul 7 ngiinssunaunndinvestunuduesgiidounaungldmdseesa q vedunuiilimanudiuniu
wseRLdaUMgR: (@): 35 1 (b): 100 111 (c): 200 i1 (d): 500 i1 (e): 2000 11 wag (f): 4000 i

Aeurhnsinsentuasyseneulslaneisesdolunisigeunnusiuniudmsvlunsfnuil lavins
Teszitununewihmadendmiumdnndinsueunausiuazezaiiiilounan 5052 LansRszunl 8 uasguil 9

AUEIFTU INNTAATIERNUIENSARMITDANE Fe, FepoMny s Uag FeyosSioes EIUSUMANNAIANSUBUNELFN

Wag AlyosMgy s dmTuazgiiilleunas 5052

2400 Low Carbon Steel (SPFH780)

2,200

2,000~

800

600

WW

200

o] I
20 30 40 50 60 70 80 20 100

2Theta

1 PDF 01-087-0721 - Iron, syn- Fe - WL=1.54060 A - Cubic
1 PDF 01-077-7946 - Iron Manganese- (Fe0.97Mn0.03) - WL=1.54060 A - Cubic
1 PDF 01 077 8025 - Iron Silicon- Fe0.95Si0. 05 WL=1.54060 A - CUbIC
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Aluminium (AI5052)

5,00

Counts

s

[ U I ! I 1 v 1 ¥ 1 T
40 50 60 70 80 90 100

2Theta
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