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Abstract

In this study, the weld strength of extru-rivet spot welding was investigated by simulation and experiment. In order to
obtain hot plasticity flow bonding of the two plates by a single rivet, electrodes are used for heating of the two plates and
the rivet by electric resistance. Because weld strength is influenced by the temperature in the weld zone, the diameter of
the electrodes and the amount of current supplied to the electrodes are important variables. For the simulation, heat
distribution and weld strength were calculated using DEFORM-3D. The weld strength in the weld zone was calculated for
various values of the experimental parameters. The simulation results showed that the weld strength was the highest when
the weld current was 37kA, the electrode diameter was 12mm, and the welding frequency was 90cycle. Aluminum 5052
was used for the experimental study. A total of three aluminum plates, two welding plates with 1mm thickness and one
plate with 2mm thickness for the inserting rivet, were used for the experimental extru-rivet spot welding.

Key Words : Spot Welding, Extru-Rivet, Electrode, Electric Resistance, Plasticity Flow Bonding, Aluminum Plate

1. B
dEnF 2 AFst gAASEZA ZA
BEol I AFEo] mEA FUE AT TE
o] Zhd e vls] H-8-F(spot welding)’d o] Hoi#
= wA-] o] o9 W H FES FAs]
skl 719 A3 WHEY AHE E8sin
TGS Ade] BHekele AR A digh

AF7F 8 AJ-e ¢ Q.
dgrd oz § FAE A= g A

1. BAY A sty
# Corresponding Author: Pukyong National University, Mechanical
Engineering, E-mail:jint@pknu.ac.kr

2
iy

oz

i)

o

o

mlo HU
o X

ST 3l o wp
183t Fgste wh
pot welding)-s-©] 2L TH[1~3].
3 A3 Zulel MaAx}
d3HoR 1“45101 A7
S THA R 9 u}-2}4]
2 el e Ho}oi 2l
AL sz At Az
self-piercing riveting)o] A& % o)X
gk FEle] S Axste A
= @3S 7R UATH4].

HE&de] Ao AFgAze] wig- #a,

Holup 7ol &gk ofa
(are)y oz 1%k g4 ZAle HHdTEHe] &

A
=
hA=ls

¢

2 ot

mZiOH
-
Lo
2 g
i

(fricition sti

(2]
=
w

(]

of)
o
SE,
2
e L

&11“

1o
o
P

o 2 o
—”'E O&
o
o

o o

2 lo W Mo O oo
)

o,
2 ol ot

>

2 yo,
w
oo oo
2
o, ﬁ o
=
o
e
"ol g
OH

o,
4>

b
ol
‘|—’

ARSI T RO = A 2]

=4I etE| X /M 228 M4, 2013H/189



o TRBR S TTTIRBT F WM
o ok R~ R T S =X X
S .
2 TsE28% = WL .
) R g ﬂﬁo%oouﬂﬂamﬂ.\OEﬂlEoﬂ Xo,_uvm.LEoEl,DroLq\Nro
H i :E 0 5 2 g 3 TETAETT TN ) ok W
g = E gz & Q9 3 = o T % 0 R PR R T Oy A o
&% 2 32 z & IS g 2 = <1 B wm B ir %o ) X M g By
= \ 2 $ P 5 .%o > E%L,zﬂﬂma o2 R T RO
@ §2 2 £ PE % <] N B O T N R T T — % a
© 5% 2 % 8% & & i %oﬂﬂ@m TETT RO WT L
S K b F | - TR S — oot Pon T
2 \ ,,.&\ ,‘,‘,,,‘ \ m o w° - ‘ﬁlﬁ < o1 Ar M_.u = HA_.TM ~ ,zwﬁ 4W h (S =0
< / \ ~ Y N 0% = XMO‘J‘U‘W;LLQ
5 I \ i WP P gmn ok O x o1 do gu N Eow
o o || Pl W S Nz o ?aﬂ%mﬂary do T e
= - % dﬂﬂﬁ“ﬂ ~ uvwﬂtw - o ﬂaﬂo S
5 2 % Ve W 2o B ofo < el
S L - ) Aﬁo_/.#o]__/l 4 g
& e SN s R L _ = D5 8
8 /| — Qﬂ%szrﬂuB%ﬂwﬁﬂmﬂzﬂﬂEmﬂ
2 Al [f z R R S R
£ £ 2 S o T 4 BN I anT g
s E 3 T A xS LT W
s El £ s 2 : oSl #a% o % e S =
d 2 0% 3 P 2 € oo - cu_uﬂn]]1 I =0
2 £ % W < H 5 @ o5 1k agﬂLﬁlzqﬁ/ou%ﬁiﬂuﬂn@\x
% i £ H 3 S8 T o= WX _
2 = s £ g 20 T (I < op ] oo B N A T
e i £ = £ : o = ~ Ao m o el - e M g
- N -~ ; EIRE e EEy _ S E L EETER
£ ;- 5 £ ToRRTET FATEEE
= £ &
5
=
. w) MEATE T e aﬂﬂwmnau
A o — TR OW R R ® E T o
) o W oo In zuwm,m_lﬂavﬂ,orh{ WEOWWWW_Z ﬂol‘_m_m %ATEQME MF%%TGQMO ﬂuﬂr. —
° oy RPEARZy “ulEr oFa® TR oy o %0 el _TRE 9
o FOEEZONE ® Thaw RS Ho Wy o =9 3F
1o oH ] ¥
LT BRI e RREE e FEEY P T o I N o DR
. o = A o o L FT T om0 IRIMNIR .
J xn _ o o < <A — =1 o [ il N~ o ;
Mu H T wuou = = r o K MoT - %! m_m oﬁ TP g ﬁm Hyv E .M._“_ oy RO B T s ﬁﬂo = .__mw
aln STAY Rreaitgie wi¥ rors @ Srplodfen m
op 0N o XH.A ey = B = v K= — "o o o ‘_\%H piy o
I creErenfo DRI =zt 2f . o EE O S
= o © ® oz "D O Tm o wo I o —_ L= i ol
f — T — N X X 0 gt M TR A &g )l o
ol I TN KK 0 w ToH N Bt ol = o T K g
BT g %%mﬁﬂ%ﬂﬂ%W%W%% %wm%@ %@mwmo gi - ,&%Ww@i%ﬁﬂ il
HArm_mo o T ﬂJlH:idﬂMﬂHJJL%dﬂM@e Jr.mﬂ%u .HlﬁoﬂﬁxD ™~ or:_n..or ox Jn 1../!1&! N
P MmN P oR o <Y B mayT P 0 x._,oﬁoam_xalnﬂm:g. =
- T — T =) - o H oS = _ 1 R T oy o5 o
ERIETEZEETRaacsnesna il el B TElei il 3
= & : £S o % L N won T %m0 —
F iz TaE G wTET T Iy PEImabi R wmE_ T3 =7 B
HaX5o e B ook o= I e -y X E T no B X o ) w B R
ﬂ;ﬁamamwnow%wﬂ_oﬁaoﬂﬂumﬂe@eﬂ@q_o'%ﬂuﬂiiﬂﬂﬂﬂlﬂlhmiﬁ o ﬂ%aTﬂanJﬁiﬂmu N
S e = I M X o = o] oo — T 5o X _ !
S _ BB do ~— = dr N &3 o =T T - ~ o % o —n
v NN J KA - B B N X w1 oo i) % o)) B L T ~ o IF R o
;OLOT —_— i LDL_/L. o Dﬁlﬂ el fo —_ 1J|L..A Al o T - XL o
_E Xzl Hh%%%ﬁu%;ﬂ no%omﬂleoman%waM FEH %O
2 ﬂ%%%%PJ%%Wﬂ TRET AR Ao WU NN
%L o ok ®E O KRS ot

T ATHE].

g

HAl A A

°©

Ll

R

EENE

o
=

, 20134

=

190 /=24 I71S S5 | /M 22 H 4



A7|AZ7HE hERA ST A

Two welding

plate\ \ Upper

, electrode

i '\ Blanking
die

v\Lower

electrode

Lower plate

Fe==] punch
L

(a) pressing step

Extru-rivet

L)
(b) shearing step

(c) welding step

(d) extruded Jates removal step
Fig. 3 Extru-rivet spot welding process steps
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Fig. 4 The structure of the simulation
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(a) indentation step of one rivet to welding plates
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(b) extrusion step of two plates to upper electrode
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(c) welding step of two welding plates and one
extru-rivet

Fig. 5 Computer simulation of hot extru-rivet spot
welding process
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Table 1 The anal
Material
temperature
Material

ysis condition for DEFORM-3D
520 °C

Aluminum 5052
Number of Elements 20000
Max Element Size 0.8mm
Min Element Size 0.4mm
Mesh Window Elements Size
0.1mm
Sparse
Newton-Raphson
2mm

Mesh

Solver
Iteration method
Punch stroke
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Fig. 6 Extru-rivet spot welding machine
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Fig. 7 Dimension of specimen

Table 2 Chemical composition of aluminum5052

Component| Al |Cr [Cu |Fe [Mg |Mn |other

(%) 95.65| 0.3 |01|04|26|08]0.15

Table 3 Mechanical properties of aluminum5052

Tensile strength (Ultimate) 193 Mpa
Tensile strength (Yield) 89.6 Mpa
Modulus of elasticity 70.3 Gpa
Melting point 607.2 ~ 649°C
Annealing temperature 343°C

Fig. 8 Tensile shear test of spot welding joints(KS B
0851)

(b) side view

-

(c) bottom view
Fig. 9 Extru-rivet spot welded aluminum plate
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. 10 Result of shearing load related to currency

Table 4 Data of shearing load after shearing test

Weld time Electrode Welding Shearing
(cycle) Diameter current load
(mm) (kA) (kN)

34 1.30

35 1.45

90 10 36 1.60

37 1.75

38 0.40

Table 5 Data of shearing load after shearing test

Welding Welding | Diameter Shearing
current time (mm) load (kN)
(kA) (cycle)
210 1.75
37 90 @11 1.88
212 1.90
.2
z
=
- 19
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o
o 18
£
& Welding current 37 (kA)
E 17 Welding time 90 (cycle)
v =+—Shearing load (kN)

16

10 11 12
Electrode diameter (mm)

Fig.11 Results of shearing load related to the diameter
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Fig.12 Results of shearing test related to the welding



Table 6 Data of shearing load related to the welding

time
Electrode Welding | Weld time Shearing
diameter current (cycle) load (kN)
(mm) (kA)
75 1.52
80 1.75
12 37

85 1.81
90 1.91
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