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A Study on characteristics of Friction Stir Lap
Welded Joints of ADC12 Aluminum Alloy
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L1

o

FSW MIG YAG Laser
Weld

Higko 20| MY X}0| (A6061, Length

1 m, thickness 3 mm) [22]

22 -



E 3 FSWel MIG 28| H|u. [23]

Unit FSW MIG
Machine cost EUR/m 0.84 0.53
Weld length m/yy 50000 50000
Weld speed m/min 1.50 0.54
Arc time h/m 0.0111 0.0309
Duty cycle - 0.24 0.34
License cost EUR/m 0.86 0.00
Labor wages EUR/m 1.16 2.27
Tool cost EUR/m 0.05 0.00
Filler cost EUR/m 0.00 0.26
Energy cost EUR/m 0.00 0.01
Shielding cost EUR/m 0.00 0.19
Total cost EUR/m 2.92 3.25
.|\
E?“ k
0 . MIG
=g
e FOW
ozt 5 8% 20|
33 11 & A7 MAZIE M3 Lol I FsW L MIG 8% HI8 [20]
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Straight Taper Threaded Square Triamgular
Cylindrical Cylindrical Cylindrical
(SC) (TC) (TH) (5Q) (TR)

23 12 YOl FSW 7 BAO| 3 2AE [25]

2.1.4. AX|7| OpEtndtEstEo| =&l EN

2.14.1. 4X[7| OpOBtESHE S| DM =AY dY &2

X7 OpEDERESHAl LtEILE R CHHO| HAIZZEZ2 18 131F Z0| 3A
D Xf 5 (Base matal, BM), EATFE (Heat Affected Zone, HAZ), E-7|AX &5 (Thermo-

Mechanival Affected Zone, TMAZ), WHt5(Stir Zone, S2)E 47tX| ¥4

|0
Hu
-
Bl
rm
n
™o
K<)

TWIOIM = B Of3F2e| T HAZHE 3A 47t Y922 #2510 HEHe=

Cts1b 20| F2| 5tRALH27].
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2.1.4.2. Hook

HookO|2t StC{7| OpmeErgetit 2| #X[7| OHELBIESIAl UELE FZEA,

2

7|9 ZHRETO| nR o2 RS 2F ASK0AM 2 bt osf ~d7S0 wet

HetelXl &2 M 28 14 2F 20| Pull-updt Pull- downk|O] ¥ EICH28]. 0f2{%t

MBEEO] HAZZD FHZt dgE 0|F0f =2AUXXQ MAEZ FAYECH 7|1EQ
AT MEH, Hookl| =0|= 2AXZ[EO HHSIH HLHEo= oHHSte Ao=
U2 UCH29-31]. £3], Hook®| =0|7t =OtRO| 2t MIHO| F = F/H (Effective sheet
thickness, EST)= H45HA &[0 EEdEs Hadte ALE 2HM UCH29-33]

Q0= Hooke| =O| #Tt OtL|2} A7|et Weko| MEtME Hd =0 s 01X

o
rr

A7+ £t ERHSHLH34].

retr. side adv. side

a3 14 FAY BHEC| MO 43 S2o| YPO| oo YHE HEE SHHOIM Hook
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welding factors

contents

tool shape

quality, shapes, thickness

probe

bhase metal thickness

tool depth
shoulder

base metal thickness

tilting angel

advancing tilting angel

rotating speed

192

quality, Thickness, pin shape

welding speed

compare with rotation speed

fixing

jig connecting
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OPE B el 8%, 1422 3|H™sts 770 LMo MU= O|SEo what
ZEol O|R20{X|= H2o|H, ojif S+ IS Ato[e] BHEELF Z|AXN 1o
olgf gty =480 ZEEth metd s+2 37 'Y Zo7h g™e B2,

S UEEet 0|7t UEY & 7|AH uto| ojXls S £ th3a 2ot

1) A& O|SSE0| M2 YL O|2(36]
_q0 _ 4muNR3
Ty T3, (1)
gl () [q1: TIZOIY 2EY (L]

O{ 7| M, qo: heat input per unit area(W/mm2)
u: friction coefficient
N: Rotation Speed (rev/min)
R: radius of shoulder (mm)
V: Welding Speed (mm/s)
2) SHLEQ 0SS L0 M2 7|AX mbt 0|2[37]

PO = 2nNT = NpN3D5h5p ----(1)

— NpNSDShSp (2) [Py: EFIZOIT @M 7| (L]

14

P1
0 7| A, P: Stirring intensity (W)
T: torque (N-mm)
N: Rotation speed(rev/min)
Np: Power number (Constant)
D: Diameter of shoulder (mm)
h: Probe length (mm)

p: density (N/mm?)
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3. Alcidit

3.1. O et

2 AN IDFESMEE= ZO0l 125 mm, = 40 mm, FH 2mm<2| ADC12

LAF0lseta  CHOI7HAE  EXHE AFESHRICE  Olof CHgt stet =42 =
LIEFLH ACH38].

H 5ADC12 €R0|5ea 28tel =4 (wt.%)[38]

Element Al Si Cu Fe Mg Ni Sn Zn Other
Chemicla

Composition 77.3~86.5 10.5~12.0 3.0~45 <13 <010 <050 <035 <30 <050

(Wt%)

3.2. AX|7| OptmErESE Al

-

3.2.1. Metg ZHd|

2 AF0AM AFEE ZX|7| OpEndtdetE FHl= 18 150 20l&= MTI RM-1 FSW

Machines AMESIRALE O T[S AE2 # 60 LIEFLHRACE

-30 -



a3 15 FA| opEan

# 6 FX|7| OfFmet FHH| ALY

XHH|- MTI RM-1 FSW Machine

Materials | Alloys: Al, Mg, Ti, Steels, Z-Axis Stroke: 400 mm (16 in)
Superalloys, etc. Max velocity: 1000 mm/min
(39 ipm)
Max force: 67 kN (15000 Ibf)
Spindle Speed range: 100-3000 A-Axis +/- 6 deg min (hardstop-to-
rpm hardstop)
Torque: 300 Nm at 50 to +/- 5 deg min (softstop-to-
766 rpm softstop/working range)
+/- 5 deg min (range
requirement

X-Axis Stroke: 700 mm (27.5 in) Service Air: 80 psi (5.5 bar) 3.5 scfm
Max velocity: 3000 . Argon: 60 ft3/hr (28 I/min)
mm/min (118 ipm) Requirements | g5 yoltage: 480 VAC/60

Max force: 22.5 kN (5000 Hz, 3 phase, 100A
Ibf)

Y-Axis Stroke: 305 mm (12 in) Data Temperature telemetry
Max velocity: 3000 . system (MegaStir™)
mm/min (118 ipm) Monitoring

Max force: 22.5 kN (5000
Ibf)

=31 -




AFO0A ArERE AR[7]

=
—

= 27 mmO|H, &4

42 5 mm, ZO|

’N|
2~

LEFLH RLEE.

o% 10 mm== X'"I}-

Al 74
S

a3 16 #X7| op

a8 17 &x17| ot
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323 HgxH

HAISHCH oY, Hetx=H2 ADCI2

mjo

= d70M= a7 18m Zo| Fe

—

ER0jsa CHoPhAE Tl @X|7| OREuERgetAl Hetd-of e 5 545
ZOtE7| flot, M8 &2 ZE= 0, tYUAO0lE 28 mmE FX[o5tH, Y&

379 3FEZE 1000, 1500, 2000, 2500, 3000 rpm2 2 &T2| 0|F&& =& 50, 100, 150,

200, 300 mm/min2 2 H3}A|ZACT

Unit: mm
n
()
= SPACING =
T
T —
85 T t
o o
125 40
210

13 18 FAIY| OFEENEE 4Y 24
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33. E4

0]

7t

33.1. EXf E4ET}L
33.1.1. 22X =XEH

Dol O/M=Z Zt&E 250 BUEHLERAIS| Phoenix 4000 EH|E O3l #600,

-0

#800, #1000, #1200, #1500, #2000 AtEE Sof Z=Q0Or HA|SIRJLCE =oop =
OjMdeiore] A< 3um X 1pm Diamond suspensiondt 0.05 pm YFO|LIE 0|23t
dHe =z ADISIYULCE H20|A Keller U 0[50 1227+ O|HTt £ OlympusAtel
dotainld BX51M HH[QE SEME 0|83t ZAje| =% &= HAISHACL ZX{o

M o
1=

%18l EDS(Energy-dispersive X-ray spectroscopy)2t XRD(X-Ray Diffractometer)&

3312 2Xf HA-EH

o] A= EZE EAESGHT| {60, KS BISO 142710 2|AH5t0], AZAlHS HA|SIRALY.
£ HH[E  MitutoyoAte| Vickers micro-hardness A|&7] HM-2002 O|83|%iLCt

QI7t5E 2 100gf2 B, RXIAZE2 10 sec2 LHSHA |FXISH0] A|SHRACE

DRol QITEMES =Hol7| 25t0 INSTRONAFS| 5985Z%HH|E 0| 83810] A2 OIEHA|

oot
mo

AMA|SHACE ofmf, QIEAIEE KS B 08010] 2|HSHY HEISIFoD, A-2C1FAI™ Al Crosshead

speedS 5mm/min2 2 LISHA FXISHK ZAISHALY.
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50 mm

Bl Zo|

)

%'\

Of M o] Bkx|
25 mm

64 mm

2mm

KS B 0801

3 19 BX| QIERA|

A7

%0

0

i

H

X

=

I

SO0
- =

gt

27,

, Weld pitch

oo
T

100
T

o
=0

Wo
F._

Ol

ofn
[l

ud

o+
ol
K1

10

of
o

e

£ 0|83 #600, #800, #1000, #1200, #1500,

A EH5H0] BUEHLERAI2| Phoenix 4000 &HH|

Tum

=]}
=x

4% 3um

Oj M ¢lotel

-
o
.

o

&

Hoz ADMSIALE H20M Keller&d=

B

SELE

Diamond suspensiond} 0.05 um

Energy-

(

EDS

0/4 BX51MEH|QF SEM Y

N
S
ahotod

OlympusAt2|

dispersive X-ray spectroscopy)S O|&3}0f
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O|AHSIY ZEA™ZS
HM-2002

PA =I5t

rlot

28 mm

Smm

32mm

J7 20 MES T MY 2AE

HYRol BEasXZE BEDE| 2o KS B ISO 142710
S &H|= MitutoyoAt2| Vickers micro-hardness
O|83tCt. Q7tstE2 100gf2 Adsta, [XIAIZL2 10 secE

F ZtA2 05 mmz ot HIHA =S 570t

3R

Ct.




o O - L= O

AX7| otEngEs = FEAIHEO Yt S2QYHTAF2 INSTRONAFS| 5985

bal
o

KMH|S 0| 8310] MA|SIRUCE O|f Al KSBISO14273 40| o|738t0] X|ZsI¥ o,

=~

HR2OYHMEEA™E Al Crosshead speedE 10 mm/min2 2 L-SHAH FXISH HAISHILE,

<

> <
>

Grip section 40 mm
55 mm

>

" Grip section
55 mm
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4, NEZAD U DF

41. BXe EH

411, BXo =% EY

= A0 A8 E ADC12 €R0ls2s CHOIPHAE EHAjel XRDEMZME I8 230

LIEFLHRACE 22X Z=ZIOA T2 LIEtLE A2 AINDF SiMO|RACt LEIHOZ ADC122

N
Ho
olo
k1
o

of Al Sio] F2 WHEH, Siol 4% ZFYYO[AL S0 ZetE
SO 2 HMEICH O] Q0= B(AI2Cu), Q(AIsCu;MgsSie) B (AlgFesSiz), To (AlsMn,Si)S Ol
ddle A2 LM A2L}39], Ol= O|2fgt =2 80| o %7| MZ0| XRD

=AM A LIEILIX] B2 A2

i

creich et

— .

rlo

, BXHZEOl Zt MO CHsH EDS

A
1x
mjo
nz
=
el
9
|0
R
o
i
[

2l 24~ 251F H 70 LtEFLYQACE

500000
* * Al
r . Si
400000
> 300000 |
= *
Qo
€ 200000 |
*
100000 | *
‘ | ‘
~___ | Wk | * *
O | - — s -
" 1 1 " 1 " 1 " 1
0 20 40 60 80 100

20 (degree)

13 23 X XRD 2M Zq}
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20pm

Electron Image 1

3% 24 2X =2 SEM &4 3 EDS Point 4 £I%|
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Sn

Cr

Zn

13 25 EDS Mapping &4
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H 7 ZH Ao 318t =M B (A5 HE HA|)

DI =Zl9| SEM-EDS Point &

Element(wt%) 1 2 3 4 5 6 7 8 9
Al 9550 96.27 64.29 18.07 58.57 53.73 50.28 49.33 52.97
Si 2.05 2.02 21.28 78.22 10.77 71.27 8.06 5.05 3.51
Cu 1.24 0.71 0.14 - 1.26 13.17 33.24 40.02 36.60
Fe 121 100 1199 159 2034 315 347 050  0.40
Mg - - - - - 8.92 2.72 3.07 -
Mn - - 168 030 7.76 - 0.45 - -
Etc. Bal.
Expected Phase Al Al B Si B Q 0 0 0

=M Anp AlaF SiAMo| F

i

=
o1

rr
P
mjo
fot

SHolst 4= QlOM, XRDEA Z D0 A

Jdeln, 38 252 2W, O3 232 XRD 2AMZADntet Zo| AN SiMeER FE

H
=
1o
a
=
P
A
mjo
o
IS
rot
=
ox
=
wn
m
<
mjo
ofm
e
rd
it
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iy
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]
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=2
I
m
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Q
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a2 26 Bxj == -z}

(A) 2% xjuig, (B) ¥Et 1HYE, (C) SEM LH|E

a8 27

rlo

2 Z=Z9| EBSD 24 ZAMZ 18 27(A)= IPF mapO|H, 1 27(B)=

Ol 8ol EXj =Z9| o-AlQ] AFE A7|E H4HEH 12 281 0| a-AlIQ] B+
Z™EY 37|& 12412 pmz DBEQCH, ZYY A7|BZo| EEHEHAHE 10.145 ym2
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Color Coded Map Type: Inverse Pole Figure 1001) [

% 27 =X{2| (A) IPF Map, (B) unique grain color map

015

Area Fraction

o

o

2]
T

0.00 SR —
0.1 1

Diameter (um)

10 100

a3 28 BXjo| «-AlQ] HM™E 37| X

(B#:12.412 pm, EE HAX}: 10.145 pm, = 2: 1.619 pm, Z|CH: 42.844 pm)
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412, BXjol B EM

a8 292 = oM AEE ADC12 €R0sg=s HOPHAE Exjel g o

o-Al2l 2ROl 7] HAE 7HAD, &1 Al FdEl S Crdet 2Xtof ofst

2 2add0 7|5t A2 ETHCHEICH
150
. 125}
o
>
L 100}
w
w
(0]
c
T 75}
(U
T
®
S 50t
°
p
25 |
0 1 1 1 1 1 1 1 1 1 1
0o 1 2 3 4 5 6 7 8 9 10

(BM) Distance from 1st point (mm)

% 29 X HHA AE =X ZAq}
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=421

ZLC}

2301t

otaf el

CHeloH

Aol
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+18.5MPa
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KIr

240 -

230 -

1
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N
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220 |

1
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190 -

ADC12-02 ADC12-03 ADC12-04 ADC12-05

ADC12-01

a2 30 =xj
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ol

ADC12

s =4 YA 50 mm/min-

pakel

Fo

8l

A =
HEEE

PAIZIALE =

(=]

£ 50, 100, 200, 300 mm/minZ

2 J|1FE02 0|82

1000 rpm

1000, 1500, 2000, 2500, 3000 rpm

31 2 a8 320 LIEFLHAUACE

- 46 -



Trenseverse

speed(mm/min)

Top surface

Bottom surface

50

100

200

300

a3 31 3MAE 1000 rpm¥Y O, |55 =0 [}
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Rotation

speed(mm/min)

Top surface

Bottom surface

1000

1500

2000

2500

3000

a8 32 O|S&EE 50 mm/ming I, O|S5x0f M2 H
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#0| dgrH, FefsoAo| A= O|FHRO
HIH5IN, 2|HE=0s BHHgots 2AE 7= A2 L3N ACH17). = 2N
e Hetdsof 2 HEZA2 a8 34 3 O 350 LEFLHRACE FF A,
O[2 gtit A0l FAfeE 22 FHFPEACE M2t 216H0HAM H=stRA=E

F&EEet O|EER0 WME YEIT ugtEntol AL HIKX|0f HEEH

HIEZHAHO| S7tetof w2t &£00| Qloh ZAjetel FH A|Zto] ZHastH 1o ey,

=i o
gk 9l WwHIEO| A= HAE 7K AS € = UL
e
el e “
£ .
J II II II' i 'II
A L A et -U-'I
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1 \'\_\ |
I'.'..' I'l.l Il_ll l." l'.'% i llll'-‘\- I|Il
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I(HE ZFH) = V(mm/min)/N(rev/min)

13 33 0|AE(V)} SABSEN)O THE HEZHZ()
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0.20 |

HIEZtZ (mm)

0.15 |
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0.05 |
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%3 34 O|S{E (mm/min) H30| [ME H EZHH H3}
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~

Skely

ok

BExEo| 2t J9d &Y HHEZ fld & ¥ =9 7|& =2l 50 mm/min-
1000 rpm3tO M2l FEHA|HO| HEtREHHEMZ MAISIGICH AatH0|EdE2 Soff =T
A2 12 360 LIEFLHQICH MBHE CtHe HA|MoZ ZXf (Base Metal, BM)Y S, &-
7| AE FekE (Thermo-mechanically affected zone, TMAZ) @<, WHtE (Stir Zone,

SZ)FYCE FTREUCH THYE (Heat affected zone, HAZ) FYQ| ZL =LK

BM : Base metal

TMAZ: Thermo-Mechanicanically Affected Zone

SZ : Stir Zone

oot
4
rn
ra

a3 36 1000rpm-50mm/min¥ o
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3 360A e Z+ F9ol EXZS AMmEM, I8 371t Z0|[TMAZS| E< Szit BM
Atolel FHo|M 7o 2ogt mEtat OpEFEo| o5 BMIHOo|AMLl ZZEO0| Al E
HEfE ZHEICE O3 389 sz2 BM ¥Y I TMAZE YDt EH2| S™EXZE LHO| SigdXRt7t
OJMSHA 240, 38 ZZa #=X|¢0| ZEE|X| Qf=Ch Ol O nEHEEol

SE22 579 3% &70 oo A= ueto] HofLts SHOIL) mak, =7t
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In recent years, as the demand for technology development for global environmental
protection and energy saving increases, the amount of use and application of lightweight
metals such as aluminum is increasing in the automobile industry to reduce vehicle weight.
However, in the case of aluminum alloys, there is a problem of rising prices compared to
existing steel materials, So the application of cast materials that are price-competitive
compared to wrought materials is also increasing. when fusion welding is applied to an
aluminum alloy, there is a problem in that it is difficult to obtain required welding
properties due to the natural oxide film on the surface and high thermal conductivity. In
particular, the cast material contains casting defects such as Pores and Segregation, etc.
compared to the wrought material, making it difficult to apply fusion welding. Therefore,
when applying friction stir welding (FSW), which is one of the solid-state welding
technologies, to solve this problem, it is possible to solve the problems that occur during
the melting and solidification process. But, the research and development of Friction Stir
Welding (FSW) were mostly based on the formation of butt joints, and it was mainly
conducted on the application of wrought aluminum alloy. However, in the case of car body
parts, there is a lot of demand for lap joints, so in order to apply cast aluminum alloy to
car body parts, a study on application to friction stir lap welding (FSLW) is required.

In this study, FSLW technology was applied to ADC12 aluminum alloy die-casting plates
with 2.0 mm thick. Also, the characteristics of friction stir lap joint according to the welding

parameters were investigated. As a result, the cross-section of joint area was largely divided

-94 -



into <Base matal, BM>, <Thermal-mechanically affected zone, TMAZ>, <Stir zone, SZ>.
And <Heat affected zone, HAZ> did not appear. In the case of SZ, the secondary phase
was relatively uniformly dispersed in the form of fine particles, and Al matrix was refined
by recrystallization, and the size was relatively uniform. As a result, as the microstructure
in SZ became uniform compared to the BM structure, the hardness variation also decreased.
There were two types of internal defects in the joint, first was discontinuous defect in the
form of void type defect, and second was continuous defect in the form of tunnel type
defect. All of these defects occurred inside the junction on the AS side of the upper plate,
and when tunnel-type defects occur, it was judged that the tensile shear load is adversely

affected.
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