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Abstract Friction stir welding was first reported by TWI(The Welding Institute) in 1991, and this welding
method has been rapidly used in various industrial areas such railway, automobile, aerospace and
shipbuilding industry. Here, we study core characteristics of friction stir welding (FSW) applied to Al
6005—T6 extruded sheets, which is the typical alloy used for railway car bodies. With the fixed welding
speed of 500 mm/min, the rotating tool speed was varied from 600 to 1800 RPM. The results of hardness
measurement revealed that the hardness of nugget area is ~70% with respect to the parent material, and
for the selected range of rotation speed, no clear dependence was observed and the hardness values close
to the parent materials were achieved for the area located 5 mm away from the welding interface. The
tension test shows that yield strength and tensile strength were slightly decreased with increasing RPM, with
no observed difference for the elongation.
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Fig. 1. Image showing the FSW process.

22 7 TAIZE 2

ek g olgstel vmIRIE A 2 MIG 7
3 AlHe] 8 TEE-e] YZl(nugget) -, 71414 9
(Thermally Mechanically Affected Zone, TMAZ), &4
o33k (Heat Affected Zone, HAZ) 2 XA 3-2]2] v]A]
T2E PEsISIth 8] gk 24 S 98 ¥

W v} 3 Keller 890141 402 52t o & sk

i x

2.3 7|44 B =4

KS B 0811:20032 =830 UALE (25 +£2) °C 2
AHLHE (33 £5) % R H ZA00A HAX Ax Z4S
AN &SI FHAA 2mm sl AHS 71FEo R SN
-5 3] 2Feles SAA S AAEloH 1
mm FHoR ALES ZAsgith

TS KS B 0802:20035 =830 £35-919] 2174
AE Arfste] FEAE AR, ALlE e FEIIS]
o dole o] AFAS Bsly] 93] TU 2] AH
of thaje] QPIAES 3514 AASIGICE QAR B A=

AdE A% Ao FE5-9E Fig. 20 Yehiigie



ool P (Al6005—T6)9] nlz

(b)

(b)

©

Fig. 3. (a) Low—magnification optical micrographs and
Fig. 2. (a) Welded plates showing the locations of the (}1:) };gh—malgmflcatlon optical micrographs for
extracted specimens for (b) tensile test and (c) the FSW welded parts.
hardness measurement.
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Fig. 4. (a) Low—magnification optical micrographs and
(b) high—magnification optical micrographs for
the FSW welded parts.
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Fig. 5. Hardness profiles for the FSW and MIG specimen.
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Fig. 6. (a) Measured stress—strain curves for the FSW
specimens and unwelded parent material. (b)
yield stress and tensile stress vs. rotation per
minute.
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Table 1. Summray of yield stress, tensile stress,
elongation for the FSW specimens, MIG
specimen and parent material.

i Yield Stress Tensile Stress |Elongation
Specimen
(MPa) (MPa) (%)
Parent Material |252 277 9
FSW
132 203 8
(600 rpm)
FSW
133 203 8
(900 rpm)
FSW
129 201 7
(1200 rpm)
FSW
125 198 8
(1600 rpm)
MIG 116 167 8
4. A&
B Aole A Aads £ AREE &
i 5 (Al 6005-T6) Al tish Wiz by
ol g AFE 3t 44+ 500 mm/min®

A
2 A% A a3 3ASEE 600, 900, 1200,
1600 rpm .2 W3PA7|HA 3 HE 7} u|Al T2} 77|
Z EAo]| n|xj= ATAIE ATellon AEA el 8
33l whambghiel Aw

Ak A-8Adol thal] sl on, i dve] Fa A=

(1) Y3t Al 6005—T6 H Al tigk MIG &5
AlAZ} B3 Al rpRa Rl = v A 7]Ee] EX7}

v HH
WA B9k

(2) # 03?—011*1 Ao o] FHEE HeluldltE
nuggest §-9 AEghe BEAle} vl ) ofF 709% G52
&S T, %@ﬁ]‘?ﬂ(shoulder 9174 715)o1A F 5 mm
ojuA) = mAle] ghe 7 Ao F1E Tk
MIG 538 A} H] gk 7*?% SN0 A=k Akt
Ao R PAF O MIGE] 4% 2 ddzo R Qlslo]
SAAEAA F 15 mm HJOMOIE BA\S] A=k 7HA
T AoR IR 5, AE SghS niEe® 3%
HAZ 949] glol= niamb s Alsio] MIG Al H]
ko] oF 30% ¢l AR YERGTh

o

(3) eIgAIE A3 3AF] 3]H4 =7} 600 rpmol]
A 1600 rom .2 e u FEZEE 132904 125
MPaZ, Q7%= 203014 198 MPa® 7HAE 9l om o

AEo] Wl IR g
REFERENCES
[1] G.Liy, L. E. Murr. C=S. Niou, J. C. McClure & F. R.

Vega. (1997).
friction—stir welding of 6061—T6 aluminum. Scripta
Materialia, 37, 355—361.

[2] W. M. Thomas & E. D. Nicholas. (1997). Friction stir
welding for the transportation industries. Materials &
Design, 18, 269—273.

[3] R. Nandan. T. DebRoy & H. K. D. H. Bhadeshia.
(2008). Recent advances in friction—stir welding-

Microstructural —aspects of the

process, weldment structure and properties. Progress
in Materials Science, 53, 980—1023.

[4] B. Heinz & B. Skrotzki. (2002). Characterization of a
Friction—stir—welded Aluminum Alloy 6013. Metall.
Mater. Trans. B, 33B, 489—498.

[5] A. P. Reynods, W. Tang, T. Gnaupel—Herold & H.
Prask. (2003). Structure, properties and residual
stress of 304 L stainless steel friction stir welds.
Scripta Mat., 48, 1289—1294.

[6] Hideshi Ohba, Chiaki Ueda & Kouji Agatsuma.
(2001). Innovative Vehicle—the “A—train’. Hitachi
Review, 50, 130—133.

[7]  W. Woo, G. B. An, E. J. Kingston, A. T. DeWald, D. J.
Smith & M. R. Hill. (2013). Through—thickness
distributions of residual stresses in two extreme
heat—input thick welds: A neutron diffraction,
contour method and deep hole drilling study. Acta
Materialia, 61, 3564—3574.

[8] J. H. Cho & S. H. Ko. (2019). A Study on the
Prediction of Welding Flaw Using Neural Network. J.
Digital Convergence, 17, 217—223.

[9] C. K. Chun, W. S. Chang, C. Y. Kang, Y. J. Kwon &
D. H. Park. (2009). Friction Stir Welding Technology
for Aluminum Rolling Stocks. J. Kor. Weld. & Join.
27, 16-20.

[10] H Yamamoto , S Harada , T Ueyama & S Ogawa.
(2009). Development of low-frequency pulsed MIG
welding for aluminium alloys. Welding International,
6, 580—583.



99 SFAHRE=EA A9HE ATE

% + Z(Dooho Choi)

o

(\"/
-
|

-

&

- gHIRoE A,

[(2l<]

- 2011 : Carnegie Mellon University

AR (T

- 2015 ~ 2017 : ST AT A

AGLTL: (A7)

20173 ~ A - Sojahal A

A=) 2~
S

sEeAR, Azl A 3, AlE B

- E—Mail : dhchoi@deu.ac.kr



