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ABSTRACT

Optimization of Weld-bonding Process Conditions of

Dissimilar Materials using Delta-spot Welding Process

YoungHyun Kim
Advisor : Prof. Sung-Min Joo, Ph.D.
Department of Naval Architecture & Ocean Engineering

Graduate School of Chosun University

In the automobile industry, studies have been made on spot welds of
non—ferrous metals such as aluminum, which has lightweight, high-strength, and
excellent impact properties, in order to improve fuel efficiency through
lightening of vehicle body weight. However, these dissimilar welds cause
intermetallic compound formation and the galvanic corrosion in corrosion
environments at the weld interface. On the other hand, it is known that the weld
bonding Process has the property of improving strength of spot welds by applying
a structural adhesive between two metals and increasing the surface adhesive
force.

In this study, Al 6061-T6 with a thickness of 1.0mm and galvanized steel
sheet (GA) with a grade of 440 MPa were used as target materials. As a Process
method, delta spot welding equipment was used for reducing the heat input using
a special Process tape and the weld bonding Process by the D type structural
adhesive was done. As a result, tensile shear strength after salt spray test for
1,920 hours was more than twice that of spot welding condition and it was

confirmed that the corrosion amount of the welds was lowered.

vii
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Table.1 Type of Process tape'?

Base metal Process tape Tape material

Heat input

from outside

Deep drawn steel, ungalvanised

Deep drawn steel, galvanised PT 2000 Copper Low
CrNi
PT 1205 Steel Medium
High-strength and Ultra-high
PT 2000 Copper Low
strength steel
PT 2110 Copper Low
A199
AlMg3 PT 1407 Steel Medium
AlMg5
AlMgSi PT 1200 Steel Medium
Steel/Aluminum PT 3000 CrNi High
_8_
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Table.2 KS B 0854

S EENt THLEHIW FEHRL AEE 20| A S8 2t Hel B
0.30]/4~0.8012F | 20(mm) 20(mm) 75(mm) 70(mm)
0.801&~1.3012t | 30(mm) 30(mm) 100(mm) 90(mm)
1.30144~2.5012F | 40(mm) 40(mm) 125(mm) 100(mm)

Table.3 Chemical composition and mechanical properties
Chemical composition(at%) Mechanical property

Material Fe C Mn Si Mg Al TS(MPa) | YS(MPa) | EI(%)
A16061-T6 | 0.4 - 1.0 0.3 |2.8] Bal. 328 281 14

GA440 Bal. | 0.08 [ 1.30 | 0.12 | - | 0.04 475 368 29

2. 2etAX Edl E§4
OIZATH 220l E3/AES LUtHo F HEE8E Al 205 £30AH EE
F Zgl =29 2F0| 24EL. 2 AEild=s 833 2 AHOI0l Process tape
cls S8t 2452 HYUoH EF Z&S 2Aast otld, 839 2EE Ldt= &
Et A% E&IIE 01860 AE8S =dotUD Al MEE EEAXEZIIQ S4
£ Fig. 11 Off LIEILHRACE.
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Delta spot

welding systems

° Gun control
- MF Inverter Delta Spot Power
source
- Max. Output Current,
Transformer-Depend :36kA
> Welding gun(C300)

— Nominal output at 50 %dc : 77
KVA
- Welding gun supply voltage : 230
V(16A)
- Cooling water quantity / holder
arm : <4.0 |/min
- Throat depth : 500mm
Fig.11 Delta spot welding systems
Jb. Process tape &=
Process tape= A0 M2t & S40/ G22I =0 ATHO T2t Xest
Process tapeS & FG F0{0F BICH. 2 AEHWAE Table. 1 XHAPo| QEIAZES
0188t 20l &=(A15052) 2 D2E2(0P590) Al HE Process tape & &
HE EHFZoHH AISO0 CrNiOl =4 Z202l PT-30002 1 &EGtL], Steel S0l Cult =& =0l
PT-2000, NiOl =420l PT-1407€ AIE0IH 2&S oty D, 8HA TS HlWotH
& Process tapeS &&oOIULE. Fig.12 2 A0l ALEE Process tapell EDAX &2
=4 ZWE LIEFHRUALC.
— 19 —
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Al A L e A Am RE A dm =
Sy b2

Element Wt% At% Element Wt% At% Element Wt% At%
Cr 11.66 | 12.36 Cu 100.0 | 100.0 Fe 9.20 9.53
Fe 68.37 | 67.45 = - - Ni 90.43 | 89.14
Ni 19.57 | 18.37 = - - = - -

(a) PT-3000 (b) PT-2000 (c) PT-1407

“Collection @ chosun

Fig.12 Process tape component analysis results




H22 88 33 x4 & Al
S

Jl. Process tape & XA

HdE2do 284 HII EXH(I1S0 18278-2) A&l 2t SE X242 Table.4 off Hel
otd LIEFLHRCH. OdHLE OIEE&E0 st #8380 8l 2H=Z AHELE FAsE
2 QUAEE Ofelle AES 2ZE6tH =) SEEX2HS AL

Table.4 SO 18278-2(KS B 1S0 18278-2)
ZEo 28 XA
THH 2 Jbere S A2 S X AlIZ
- - - EENEL
=41 x| = Rm< Rm= BA o> ArS SXN  H&Ezs &=
(mm) (mm) 380MPa 380MPa  JH== 380MPa  380MPa Al2t 2 2o

0.5 6 1.70 2.10 1 5 6 - (1) (1)

0.6 6 1.90 2.30 1 6 7 - (1) (1)

0.7 6 2.10 2.60 1 7 8 - (1) (1)

0.8 6 2.30 3.00 1 8 9 (1) (1)

0.9 6 2.50 3.50 1 9 10 - (1) (1)

[ 1.0 6 2.70 3.50 1 10 11 - (1) (1) |
1.2 6 3.00 4.00 1 12 14 - (1) (1)
1.5 8 4.00 4.50 3 6 7 2 15 20
1.8 8 4.50 5.00 3 7 8 2 15 20
2.0 8 4.50 5.00 4 6 7 2 15 20
2.5 8 5.00 6.00 5 6 7 2 20 25
3.0 8 5.50 6.50 5 7 8 2 25 30

(1) SXIAIZtE & A2t 20

Table.5, Fig. 1301 &&= E& =k
SHAZE 240ms2 2 DEGH], 8FS 9~11KAZ kA SIt Al &8 SH ot A
Ct. =E ZIZZAMAHOIZE &ZFGH| A1 PT-8000(A1=)/PT-2000(Stee| =) =&t
PT-3000(A1=)/PT-1407(Stee| ) X822 212t HMEQIFAIEY HAZS =, HlW ot

Ct.
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Weld time (ms)

Jpory Force (ki)
(kN )

.'E'.I-III_-IE -

TrhA) blusezeip) Hold(ms)

= AMIH ms )

Fig.13 Welding condition model

Table.5 Process tape select welding condition

Welding parameter Exper imental condition
Force (kN) 1.9
Welding current (kA) 9-11
Welding time (ms) 240
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Table.6 Delta—-spot welding condition

Welding time (ms)

240
240
240
240
240
240
240
240

180
240
300
360

Welding current (KA)

Force (kN)

2.7

2.7

2.7

2.7
2.7
2.7
2.3

No.
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11
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Table.7 Weld-bonding condition

(KA)
10 KA
13 KA
13 KA

Welding current

Force
(kN)
1.9 kN
4.5 kN
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Table.8 Pulse welding condition
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Fig.19 Schematic of Nugget diameter measurement
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Fig.21 Surface roughness equip

Fig.22 Surface roughness Measure method
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Fig.23 Salt spray Test equipment

Table.9 Salt spray Test condition

KS D 9502 Condition

NaCIco?S?Egration 50+ 10 50
Density 1.029~1.036 1.031

pH 6.5~7.2 6.59

Spray pressure(kPa) 98+ 10 100
Temperature(C) 3B+2 35.1
tﬁ;imrpesraat tuurr%t(i%n) ar+2 47.2
SEEEE By 15405 8
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CHotUCH, RAHAEEZ ImageJet= Image Processing and Analysis in Javall 2Xt=2
N XtHE D18tQl OI0IXI E=2Z A4 S/WE &80t FZHeZ EFHGIUH, 0lHe
NIH(National Institutes of Health)2 LOCI(Laboratory for Optical and
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Fig.24 Schematic of Weld-bonding corrosion shape
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Table.10 Nugget dimeter measurement of Process tape combination

Nugget dimeter measurement of Process tape combination
PT-3000(Al)/2000(Steel) PT-3000(Al)/1407(Steel)
el Steel t Steel t
current _ ; eel nugge _ ; eel nugge
Corss-section | yiameter(mm) | COrss=section | izneter (mm)
9kA 4 .3mm 4. 7mm
10kA 5. 1mm 5.6mm
11KA 4 .8mm 5.3mm
— 26 —_
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Fig.25 Tensile shear strength test results
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(b) force

(c) welding time
Fig.26 The effect of welding current, force, and welding time to evaluate of

tensile shear strength
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Fig.27 Tensile shear strength test results
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Table.12 Surface roughness measurement results

Ra (um
-5 )
gl A 0 A0t
0-5 0.283 1.115
. 5-10 0.305 0.986
10-15 0.321 1.140
avg 0.303 1.080
0-5 0.259 1.040
5-10 0.309 0.984
2nd
10-15 0.331 0.909
avg 0.300 0.978
0-5 0.308 1.052
5-10 0.355 0.927
3rd
10-15 0.288 0.838
avg 0.317 0.939
0-5 0.282 1.120
5-10 0.282 0.774
4th
10-15 0.310 0.817
avg 0.291 0.904
0-5 0.307 0.979
5-10 0.322 0.761
5th
10-15 0.327 0.641
avg 0.319 0.794
AVG 0.306 0.939
& ' '
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Table.15 Surface roughness measurement results

a2 Ra (um)
- Hl S0 o0t eI dlol X
0-5 0.283 1.115 2.393 3.398
1 5-10 0.305 0.986 3.853 3.363
st 10-15 0.321 1.140 3.090 2.992
avg 0.303 1.080 3.112 3.251
0-5 0.259 1.040 3.410 3.412
- 5-10 0.309 0.984 3.397 2.804
10-15 0.331 0.909 2.669 2.341
avg 0.300 0.978 3.159 2.852
0-5 0.308 1.052 2.005 3.026
5-10 0.355 0.927 3.040 2.884
Srd 10-15 0.288 0.838 2.157 3.270
avg 0.317 0.939 2.401 3.060
0-5 0.282 1.120 1.801 3.718
5-10 0.282 0.774 3.110 3.490
4th 10-15 0.310 0.817 2.545 3.345
avg 0.291 0.904 2.485 3.518
0-5 0.307 0.979 2.348 2.467
5-10 0.322 0.761 3.210 3.330
Sth 10-15 0.327 0.641 2.133 2.591
avg 0.319 0.794 2.564 2.796
AVG
. 0.306 0.939 2.744 3.095
&l
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