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ABSTRACT

Recently, friction stir welding of dissimilar materials has become one of the biggest issues in lightweight
and eco-friendly bonding technology. In this study, a lightweight torsion beam axle, which is an automobile
chassis component, was used in the welding to cast aluminum material. The friction stir welding process of
A357 cast aluminum and FB590 high-strength steel as well as the effects of the process parameters were
investigated and optimized using a novel definitive screening design (DSD). ANOVA was used to predict the
importance of the process parameters with 13 degradation experiments using the proposed DSD. Also, FSWed
experiments were conducted using an optical microscope analysis to investigate the tensile strength behavior
in the weld area. In addition to determining the interaction between the tool’s rotational speed and the plunge
speed, results indicate that the influence of the plunge depth was the most significant.
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Fig. 1 Schematic illustration of FSW experimental
configuration

Table 1 The chemical composition of FBS90(High
Strength Steel) and A357(Cast Aluminum)
pipes™

Material | C S [ Mn | P S Cr | Ni
FB590 {0.076/0.094|1.472|0.013/0.001/0.019|0.008

Material | Si | Mg | Cu | Zn | Fe | Mn | Ti
A357 6.937/0.507|0.034/0.017/0.181]0.007|0.116
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Hol&, WA 3 o, vhAlsl, AWE, AHF - SV AVFEES A A194, A0S

ZAH Aol AEs] e 89 FFA F Table 2 General design structure for m factors"
Aol i o ZE 8% FFS X A Foldover Run Factor levels
AFTE Table 29 AATFZE ol &3t m=571<] pair (1) Ty Ty g T,
AR 1339 F()Le2 AFAHAE 3FATH ) 1 0 +1 =+1 +1

Table 3¢ 24 AEAPL AT AR} FEF S “

. - 3 1 0 +1 +1

g Jehd Zelth mha wwrgH A AA F 2 4 F1 0 T1 F1
FTTAFE 1700~1900 rpm, o]z o] BHLE ; s 41 +1 0 +1
£ 0.3~0.5 ipm, ZHXA E:E: 5~9 mm/min, A5 6 Tl F1 0 T1
At (Dwell  time)& 3~7%, STYA ZolE

~ o) 3
3.76~3.96 mmo. = O]-‘}i‘:}. ’ om—1 +1 +1 +1 0

5719 F8 QAAfel U FEFE INE HAAS) m om  F1 F1 TF1 0
T SAMAE AIAAZFHOZ 1339 EF 9 35 Center point  2m—+1 0 0 0 0
= Al AgRe nTest AFFE A
©o Wols ]S ) 32 E
S Hrletdoh JEEel sz w2 71AH 54 Table 3 Process parameter(Factors) and their levels
7= 5} o 7 E3) AAHHE
TR fistel el 7y U g1 T]— Factors | Tool | Welding | Plunge | Dwell | Plunge
vl 22 #EE AEES ?ﬂlZ}o}‘ﬁU} AFAH .

o Ao N ol Al 51 speed speed speed time depth
W2 ASTM E8 7tACR A#stglom ‘—Xojj] = Level (rpm) (rpm) |(mm/min)| (sec) (mm)
71(AGS-X SHIMADZU)E &3t AZA=E =4 , 1700 | 030 5 3 3.76
HHE AA BEErH(KH-8700,  HIROX + 1900 | 040 9 7 3.96
JAPAN)S 53 mA|7xE #2353

- Table 4 Experiment level with run order
3. 40 & 0
Tool | Welding | Plunge | Dwell Plunge | Tensile
No speed speed speed time depth | strength
3.1 O|Z ojatmHIFEIE olAZUE EN (rpm) | (rpm) |(mm/min)| (sec) | (mm) ™)

A357 OLEU]JE"—:F,]— FB 590 ji]—o]ﬁ_o,] D]—i‘?]_‘ _]T_E]_]_' % Symbol A B C D E TS
A-loﬂ ‘3‘_8_3]' @b‘]:o U] ]\_. ——y_—rL\_. /\]-x‘]/é‘%]—% % 1 1700 0.3 9 7 3.76 3685.59
.(-SH dzéﬂ%‘b_ '(l)_:I‘L 94 ‘3‘3?} %]’601:_% U] ]_\5 %’—Xé] 2 1700 0.4 9 3 3.86 3728.74
W 2 Me A7aSo] AEAoz MASA 3 1800 0.4 9 7 396 | 452009
X2 JAAE xFele FFIAF, 84 &=, & 4 1900 03 9 5 396 | 3806.86
AR &=, AFAZ ZHA Zolo gt 5719 5 1900 04 5 3 3.96 | 3963.54
RIZE 34FEL 2 3yt A A¥HAdA= npz 6 1700 035 5 7 396 | 418817
o 84S A% o]F A5 A A=ol IF 7 1900 03 5 7 386 | 351647
< A= JAAE AEst=d AR Y. 8 1900 0.4 7 7 376 | 3485.66

Table 4= o|FaA Rt HY Fof AFs} 9 1700 03 7 3 396 | 4252381

b 9] o
Fo AREA, TZ: dFrlE daA(A3sT)e B 10 1700 04 5 5 376 | 4030.80
o ;(]— o 1}
Aol lgste2 7912 N2 ekt 1 1800 03 5 3 376 | 3384.68

34 2w sy 4ol A A4HEE
o e 12 1900 035 9 3 376 | 388572
5% A STEAS 1800 pm, SAES 13 1800 035 7 5 386 | 402377
0.4rpm, =4 £% 9 mm/min, AFAILT 7%, & : : :
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Table S Model summary

ZZ100| A 4520
BRA =3,

03 rpm,
, Z32 Zo] 376 mm =7

hod

91X

Ne=z 74
TT X

£ET 5

S R-sq R-sq(adj) R-sq(pred)
225.494 72.47% 52.81% 0.00%
Table 6 Analysis of variance
Source DF | Adj SS | Adj MS | F-Value | P-Value
Model 5 | 937102 187420 3.69 0.059
Linear 4 | 807766 | 201941 3.97 0.054
Tool rotational speed| 1 150763 150763 297 0.129
Welding speed 1 117163 117163 2.30 0.173
Plunge speed 1 29522 29522 0.58 0.471
Plunge depth 1 510318 510318 10.04 0.016
2-Way Interactions | 1 129337 129337 2.54 0.155
Tool ;?ﬁitégn;la:e%eed 1| 120337 | 120337 | 254 0.155
Error 7 355932 50847
Total 12 | 129303

Main effects plot for tensile strength (TS)
Means
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A gray background represents a term not in the model.

Fig. 2 Main effect plots for tensile strength (Means)
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Fig. 3 Interaction plot for tensile strength and tool
rotational speed
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Fig. 4 Plots of tensile strength with plunge speed
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Fig. 5 Response optimization of tensile strength

Differénce of
between tool end line and interlayer

(STRENER

2mm

Fig. 6 (a) Optical microscope image of the cross-
section of lap joints and difference between
interlayer and tool end line by plunge depth
(b) 3.76 mm (test no. 1), (c) 3.86mm (test
no. 2) and (d) 3.96mm (test no. 3)

3.4 O LY e o|M7= §4
Fig. 6 A357-FB590 ¥}o|xzeo] HX]7] wu}
Agel vAl 24 A3 EA7) Qolo o
D7) 3l olF A AAW AR
e ) =AstgT. durel 3
Ao W Uehd lolx 1] S
47 Zold oF BT Bwel 9119} 4
Aole] AdE olusie] AAM ol ]
w7 Zole) Holg e itk

iR
El

319)
-

N T

L
<

ttlo
o>
R

o)

mi 2 Y of lo o
o
i
W {0

av)
My S

.]

F

2 Zole T AF WE 130 2l (a) 3.76
mm, (b) 3.86 mm (c) 3.96 mm<! A-%-9 mpF wwk
AyeA F2& A3 Aol wet PSS
oh opEad 8 HEEe Fddl wEHE(Str
Zone, S.Z)7F 931, 71 =l A5 (plastic flow)
of o8 A (grain)e] EAE G- 71AH FFH
(Thermo-Mechanically Affected Zone, TMAZ)7} ZAj
shH, 1 QS AWELS AT F FFS g
= ¥ Y9&H(Heat Affected Zone, HAZ)7} &A%t}
o] 49g& Eo| MY (Advancing Side, AS)olA F
Z1 ¥ (Retreating Side, RS)°ll Bl o] Zo] ¢ Y
A FZEJG T2 FGolM e nAHG] IR
b ZugRYgo s dRujyE HoR Aed AS
HEE F Qo] F &AL EYHosE HAHAS

< < Un

AFA=s EUA Holo] WE IFe por
o7t Ao ARFEF Avke Aseh ant
o 4YE AAL AT e ¢ 5 AT

A F ZHAA Holo AV} ARA T 7}
A2 9Fe vtE e & F A
oo o 2E 1z

2) & EREAA AR
7

AV} 35zl % 24 ERHE veiE 4
W G QA AYAAS HAT 5 AT

3) FTAAFSE FAA S FH ARPE 3
Jbel BRI FAHE S0 WELES Hels
R, A4 F7F D gae) el w9
Asol NE 4FENE FE AL BAY 5
Ak
YA AW B T AAe] FUAL
FAgoen, FF By A 5o F7t
HAHAE Botel HAste] BEY F UL
Aolrt

— 103 —



Z . FF7|ATFEErE A A19A, A0S

% 7
o] AF= AHBNALEY dxr]eTdY A
o ZAAEHA 71&/MEAEL(P0002238)e] Ao
93t Y AFUTH
REFERENCES

1. Joo, Y. H.,, et al., “The Weldability of a Thin
Friction Stir Welded Plate of Al5052-H32 using
High Frequency Spindle”, Journal of the Korean
Society of Manufacturing Process Engineers, Vol.
16, No. 1, pp. 90-95, 2017.

2. Long W. et
dissimilar aluminum alloys and steels: a review”,
The Advanced
Manufacturing Technology 99, pp. 1781-1811,
2018.

3. Park, J. H., et al., “Effect on Drive Point

Stiffness and Lightweight Chassis

Component by using Topology and Topography

al., “Friction stir welding of

International Journal of

Dynamic

Optimization”, Journal of the Korean Society of
Manufacturing Process Engineers, Vol. 17, No. 3,
pp. 141-147, 2018.

4. Lee, K. J, “Recent Research & Development
Trend on Friction Stir Welding and Friction Stir
Processing”, Journal of Welding and Joining, Vol.
31, No. 2, pp.26-29, 2013.

5. Park, J. H., et al.,, “Evaluation of Mechanical

Properties with Tool Rotational Speed in
Dissimilar Cast Aluminum and High-Strength
Steel of Lap Jointed Friction Stir Welding”,

Journal of the Korean Society of Manufacturing

Process Engineers, Vol. 18, No. 7, pp. 90-96,
2019.

6. Kumar, K., Kailas, S. V., “The role of friction
stir welding tool on material flow and weld
formation”, Materials Science and Engineering:

Vol. 485, Issues. 1-2, 25, pp. 367-374, 2008.

7. Zhang, K. J, et al, “Impact of shoulder
concavity on non-tool-tilt friction stir welding of
5052 aluminum alloy”, Vol. 96, No. 1-4, pp.

1497-1506, 2018.

8. Barlas, Z., “Tool Influence of Tool Tilt Angle on
1050 Aluminum Lap Joint
Welding Process”, Acta Physica Polonica,
Vol. 132, No. 3, pp. 679-681, 2017.

9. Ramachandran, K. K. & Murugan, N. & Kumar,
S. S., “Performance analysis of dissimilar friction
stir welded aluminium alloy AA5052 and HSLA
steel butt joints using response surface method”,

in Friction Stir
A.,

International Journal of Advanced Manufacturing
Technology, Vol. 86, Issue 9-12, pp. 2373-2392,
2016.

10. Jones, B., and Nachtsheim, C. J, “A Class of
Three-Level Designs for Definitive Screening in
the Presence of Second-Order Effects”, Journal of
Quality Technology, Vol. 43, pp. 1-15, 2011.

11. Zhang, Y. N.
friction stir welding and processing”, Canadian

Vol. 51, No. 3, pp.

et al, “Review of tools for
Metallurgical
250-261, 2012.

12. Zheng, Q., Feng, X., Shen, Y., Huang, G., &
Zhao, P., “Effect of depth

microstructure and mechanical properties of FSW

Quarterly,

plunge on
lap joint between aluminum alloy and nickel-base
alloy”, Journal of Alloys and Compounds, Vol.
695, pp. 952-961, 2017.

13. Gaohui L., et al., “Influence of dwell time on
microstructure evolution and mechanical properties
of dissimilar friction stir spot welded aluminum-
copper metals”, Journal of Materials Research and
Technology, Vol. 8, pp. 2613-2624, 2019.

14. Baskoro, A. S. et al, “Effects of Dwell-Time
and Plunge Speed during Micro Friction Stir Spot
Welding on Mechanical of Thin
Aluminum A1100 Welds”, Applied Mechanics
and Materials, Vol. 758, pp 29-34, 2015.

15. Wang, Y.
resistance of c¢-BN/Ni—Cr-Ti composites prepared

Properties

et al., “Microstructure and wear
by spark plasma sintering”, International Journal
of Refractory Metals and Hard Materials, Vol.
54, pp. 98-103, 2016.

- 104 —





