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[ABSTRACT] An introduction of working principle and features is given regarding to friction stir welded aluminium lap

joints. By the analysis of present research, development and application statuses in China and abroad, the trend is pointed

out that friction stir welding is a promising method in joining lap structure and its constant development emphasis has been

expected.

Keywords: Lap structure; Friction stir welding; Friction stir spot welding; Swept; Refilled

DOI:10.16080/j.issn1671-833x.2017.10.091

PSSR 2 U1 AR Tl 55 U 2]
TRz R a0 R B 5 K 55 il WL AE 2R K M
THT AR, 328 280 K 7 A U . DA P R A I L) SOR R
BREL SCEISEATIEE . BT, W LA A
FER AR B AR LA S X 3 Fpor i, &
BAFAESE SRR R R, HL B R A i i 4
] X R FERE A, LA S B 12 i IR L 5 20 3 vk
EENL OEPN 7

PP EE AR HAT IR /N Sk R R S A
SERA SRR T2, ZEOR A RWILORTER S
B XHEST AR N, s K FICAR BUE
SRR MRS o B PE EE SRR RO 1) A e 45
FELSAR T P A5 AR Ok 12 B S AL, -1 B Hh — it
LIRS SRHRAT R B B AR IO, T2
150 1) BEPEBE SRR SR SRR R4 T 2 s 4k
PEATHEIRA AR IR BT BE B . (2 BEFREE S AR,
EEIP A REAL” ABEPEER S AR AITE ALY BB
PREESR AR, “TOREAL” BEPREE S 0 A ROk “REAL”
Xt JEE AP RE T T A

 BEWHE: FZE AR A .

1 FRHEERESE

PR A K A % BRI R Ak v, 1l
R PPl BE A R R AR A T 4 1 (AL Gt e e 42
RS EE I, R Aoy B s S A R Sk i
TR AR, bR AR Y A 00 S R B TR
SRR, BEFEET 1 2% Ak (3 43 S 1 23 A R L 1]
R AR R A RUEEE R (“Hook "B ),
M AR SR AR AR RE S ™ (181 1) o BHIF LB AR
T2 CRAIBCK B EE R ) S it KRRk 4 1 1%
THEEIT AT IESE , AR A5 T RAF B8 42 45 P T 1 e 42
Mk v,
1.1 SRR

U T A A 0 P PE AR AR 7 A Y T I RS
SRR TR AR EE M, H T 3R Bk 4 P B AR
TR EE M R 0 3 Al (1) AT IR
Bk (Parallel Twin-—stir ) fEPEEE LR | 1Z )7 %
A It 1) AR S R Sk, e R4 9190 O CHEA G, — [
AR T M 5)5(2) Al 5 —FHEF XAk (Tandem
Twin-stir ) SEPEEEBIE (K] 2), 1% SR 3 0 ),
AMEREL — T — 5 R R A B (3) Hi R SSHE HES)

2017 4E55 10 W] - i dliEsEAR 91



PN
mﬁrﬁi RESEARCH

AL ( Staggered Twin—stir ) FiEHEEEEARE (UL 3),1%
J7 TR T 1) R PRI Sk T S 2 ESHES , BT LUE
R T P AR DX, P Sk i B DX AR A R
CCE SR SN N1 s TN Ol = I PR 7€ & Y VA
AT AT DU 55 A 7R Sk AR D, T R A 4
1.2 EEENRHRERESLEWIZT

FERR S FE R R Y, SRS S A Kz B %
YIAHOG Tk 4540 L RS EET 2548 ) X # Kz 5l
BAEZLW, T ST, A i b
PRI L P Sk 2 — P E iR, — kUi
PE R PR S AT AR R S # S AR LB, XA AT LA
DA B AT BT SO ERARHTR & R
3l Ul P AU AR RN . PSR SRR
[l 4, MAIZERGLEE 3 Fl
1.2.1 Flared—Triflute ¥t 3% k&

&5 A Flared-Triflute™ $PIEH 52 5 123k 72 LR
F PV R IX T R SRR SRR (1 190% , #5322 S 1 Ab b1 kL
AR
1.2.2  Skew—StirBit# k&

AT SRR A FE e ) (B PR S A e
AT S SRR AR, S5 E R EEE 5T T Thomas
B NRH Skew—stir'™ i P 3k (& 6) 45 3% 6mm JE
5083-0 Fi G S AL 1, SR 240mm/min, £
BelaHek IR VLK 7, mTDUE ), JRAE 98 RS R ARt

E1 #EELRr
Fig.1 Cross—section of lap joint

E2 BIE—FHEPI W Sk R R T R e Sk

Fig.2 Tandem twin-stir and the photos of lap joint

B3 BIE R EHE Sk i BRI R IR G e S

Fig.3 Staggered twin—stir and the cross—section of lap joint

92 M A HIIEELA « 2017 4555 10 ]

JELRERY 195% , K425 Wbt 2 % S8 AL AT 5 (AN ]
2, S AR FEAS AT I

Thomas ] Skew—stir ™ i3 % 6mm JEEF 5083—
H111 585 S8R A5 M JEA T3 PF BE 45 AR 422 , 8 4 fe ik
TIRHEHEE R dmm/s B[RV GG R 194k )2
AECIE 8, 7mm it FEET ), 45 R R WX Rt b1k UAZ GE 1Y
(I FE R S e Sk T PR, AT SR 2R (P R 1 A
F, HUhiom BE e IR o 22 R0 25 ik B e A W RS e
SHERER T KM=
123 Zih Bk ( Stationary Shoulder Tool )

FE IR PR EE SRR B iy A B D IR
AN AR IR DHZ R TR RS e a5 A vh i g AT A7 M R
ABWE o Yu™ S5 R A il 1P B AR R AR X
AAT075-T6 $R G EREHREIEAT T XGE % (& 9), #F
RSN 00 SV A G i N S 2
FEL G RTRFE R A S R, TS T RS AL XS
SRS SRRSO, S5 R R, T S e ik

(b ) ik (e ) R m

E5 Flared-Triflute™ ik kiR fEies B A
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Fig.8 Fatigue properties of lap joint
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Fig.9 Cross—section of lap joint used stationary shoulder FSW
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Fig.10 Cross—section of traditional FSSW joint
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Fig.11 Application of robotic FSSW in Mazda motor
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Fig.19 Refilled FSSW weld joint and cross—section

E20 TkHIREFMGEA LRI
Fig.20 Sample for airplane skin and stiffener structure samples

96 M HIIEEA « 2017 4555 10 ]

SRS R DL AL TOREFL TG TR (I IE 19), 35
SO BT BE Ry 2363N, i Tk Y 1257N,

(] P B 2 AR T DR B “REAL” %o sk
PERERYSZ N, 5 AT [l 45 4 U P B4 A e, T 7R
INRCT A R AT, FLRR s T AR/ Rk ey
AR H B A B T E A PN M2 AT
TR T J TR R TAE, B SR [l X e EE 48
KEVEAT CHLEE AR AR A 3R R B0 1 i K 42 (18] 20 A
21 )[29]0
223 RAMRIEIE BT

LA BEFEEESE AR (Probeless FSSW) JEALSEHIHHEE
P TR AR R — Fh AR A R SR I JEHE £ 5 (A
JA ) BBEFE SR A THE F I EE R a0

Bakavos %5 "7 SR FZH R 9T T 8B p s B
JEEJE s IR 22 S T S TR S s | EAR Y
g 10mm, W58 L BIRT 6XXX RN G414 v
BAE (Imm JREJE ), SR F JCA i B I R AR 20, AN
FEARA KA [ 5 T LASRAS RAr s 43k P 53
20 AR S A PRI AR SE T2 L, T e 2
SRR AR PR AR R T EL T AR P EE AR R A Lt
T AT FE L EAL BRI AT, A 7= AR

Tozaki 25 ™ X} 2mm J5& AA6061 585 bt #5445
FPEATHIFGE B, 2R T A MR T Y 1 %) b s A 7 e A
PUFEEE A SRR T 3R AT APk (R FLAR
BR T 0.5mm, $i £1 3k 52 B8 i [A) 75 BLER 1 4, M4 I 122
Sk UI5E EE AT LAIK R 4.6kN, FEHA B REAT ATk Sk 8
FERF AT ORI K, RS L AR e AR B
FEA A SR . (E YA T IR R0, T4 fi +1
JEEPE AR T 2T R R
224 BAEASHER LR

WGBS PR T —Fh o “REAL” Tk,

E21 REMFREMEF

Fig.21 Sample for motor

El22 TSRS R
Fig.22 Shoulder for probeless FSSW



PN
RESEARCH mﬁr&l

H I S FEEE L (Friction bit joining). fHEkKH
SR BEREET RS B E A R [R] SR R S
TR B A T EE P SRS AL, B PR BT AR R e R I A
fLo 5 EEIARL, Miles™ $EH T A 3FEHEFEEE 2 2545
A RE PR & 5 S B N Ve £ IO S E 5 716 2 ST B £ e
S PR 3 2 AR ( joining bit ), I G S BV, J
$E BB AAAE SRR AL, TR G mi AR AL BhIE %
HtJE TAEM , — B UM BT L gl kR plob i, (&1 23 2
B2 I 1) AR S R ) T R R
2.2.5 o A RS ST

KL G FE R SR ST R AL, R AL A AEXT
e AMERERE A RFEM, Venukumar % R T 408
] A1 B4 5 A5 ( Step—refilled FSSW ), %77 1: 518
GKSS VUK H A )1 g5 75 T 86 H A ] S5 P R 452 051
SRR, BRI I R Z )5 AR AR L
— BRI [RUR ek ] JE B 1) (TSR0, 7 [l it F
K TCEHEFE Sk, IO B9 A RHE D T Pt
“REEL”, WAl 24 FR

~ P s e T
R 2 <
- P . ‘a»«@‘_ B2 i —;;:éségﬁ

El23 BEFHHEZRREIRESHERRE

Fig.23 Sample and cross—section of friction bit joining

E24 SmEEXRFEESETETER
Fig.24 Step-refilled FSSW concept

3 &RiF

P PSR bE R R O — R A R R,
14 55 10 v, BEL AR 002 TS AR B L RS R IR
KSR LT W 146 = R O A 1S ES R R )
T PR S R PR AR e R AT T ORI ST, K
BF 5T B 07 P36 J A LAt < 1) 456 P S 4 0 o 35 20482
B ORAE RS Be g F e v A5 T ML AR T )
14 55 (R B PR AR P 4, RUR AR IR T S sk

SRV T 7 T SR AT O AR R R B AT LA R A
A ] L R RARAE Lo X T R B AR 4 15 1245
PR HAT B A A, 4 Jm KR 5 P 1
FPFREE B R R TT ) o (2 G BEPEEE S R IR R
L7 FEGE LM REREAT, (5 T HOR B B A& T A
A 70 e S B R e U A ) I 4 1 P T S
(3) [l e PH BE 45 AR T “REAL” S PE BE 45 RAR
Y i R, AT 32 Sk VE BB 7 L 22 3 B8 PR A T A
S F | N SRS 0 B, AR 0 R 2 2 U A
BT ERERAL , S A S PR A I B R R T 1) 2

N T FRE S AL BT P AR AR N Y 1L )
B B R IT R LLUT TAE

(1) Hook SRR H R R FERAE LA BT PR B
PERPERE ST SR EE N R, e Z g e T
SRR T LA TR I BRI B |, P 123k )2

(2) $5 A5 R0 1 R A5 AR 12 R I A DU B3 AR A7 A
AR 22 I HE A, 5 BRI J T B A0 I B AR T 5 T
Vo BUAL, 023 00 R S5 R R A0 R: FH 40 1 B 2 M ¢
ARBEATRAR G 1 0 75 B P E ARG Y $5 16 4%
S PR

(3) BFXFSEFR Tl ™ Wb 25 A 5 2% R PR AR
it LN E SRR R L 5 BT R 5 FE A A 0
BEBEIR LR S BR TR BRI, e H TS,
e AL 2 L R R 53 a2 iy 25 U A A A A 7 A
(ARG 7K B B 7k B4R T B B T B

= = A
LAY /N

& X X

[1] DE B J, CHRISTIANSSON AK, OQUEKA J M, et al.
Investigation of path compensation methods for robotic friction stir
welding[J]. Industrial Robot: An International Journal, 2012,39(6):601-
608.

[2] YU H. Welding parameters, distortion and mechanical properties
of AA7075 lap joints in SSFSW [D]. Columbia : University of South
Carolina, 2013.

[B] ERER, BTt . BE SRR (M]. Jbat: hET
JULH A, 2010:1-321.

WANG Guoqing, ZHAO Yanhua. Friction stir welding of
aluminum alloy[M]. Beijing: China Astronautic Publishing House,
2010:1-321.

[4] NORRIS I M, THOMAS W M, MARTIN ], et al. Welding and
joining—key technologies for the future[C]//10th International Aachen
Welding Conference, Aachen, 2007.

[5] THOMAS W M, DOLBY R E. Friction stir welding
developments[C]//6th International Conference on Trends in Welding
Research, Pine Mountain, 2002.

2017 4R35 10 W] - pihliEeAR 97



PN
HI:%VEI RESEARCH

[6] THOMAS W M, GITTOS M F, TUBBY P, et al. Friction
Skew—stir™ lap welding 5083-H111 aluminium alloy—process
development and mechanical/fatigue evaluation[R]. The Welding
Institute,2007.

[7] NOR K, BURFORD D. Process capability study for friction stir
spot welding (FSSW)[R]. No:23973/1/14, TWI Ltd, 2015.

[8] SAKANO R, MURAKAMI K, YAMASHITA K, et al.
Development of spot FSW robot system for automobile body members[C]//
Symposium of the 3rd Friction Stir Welding, Ko be,2001.

[91 YAN Y K, DONG H, CAO H, et al. Liquation of Mg alloys in
friction stir spot welding[J]. Welding Journal, 2008, 87:167-177.

[10] FUJIMOTO M, INUZUKA M, KOGA S, et al. Development
of friction spot joining[J]. Welding in the World, 2005, 49(3-4):18-
21.

[11] HOU J, SHEN Z, CHEN Y, et al. Comparison of
resistance spot welding and refill friction stir welding of Al 7075
sheets[EB/OL]. [2016-01-12]. http://awo.aws.org/wp—content/
uploads/2014/RWMA.

[12] BADARINARAYAN H, HUNT F, OKAMOTO K. Friction stir
stitch welding—process development and mechanical property evaluation[C]
/ISymposium of Friction Stir Welding, Montreal, 2006.

[13] LERTORA E. Comparison of AA2024-T3 friction stir welded
and riveted overlap joints with the addition of a pressurization test[J].
Materials and Design, 2013, 49:259-266.

[14] BADARINARAYAN H. Fundamentals of friction stir spot
welding[D]. Rolla: Missouri University of Science and Technology, 2009.

[15] ADDISON A C, ROBELOU A ]. Friction stir spot welding:
principle parameters and their effects[C]//Symposium of Friction Stir
Welding, Metz, 2004.

[16] BURFORD D A, TWEEDY B M, WIDENER C A. Fatigue
crack growth in integrally stiffened panels joined using friction stir welding
and swept friction stir spot welding[J]. Journal of ASTM International, 2008,
5(4): 101568-101585.

[17] LAM T J. Low Z—force octaspot™ swept friction stir spot welds
welding—conventional tool and process development approach[D]. Wichita:
Wichita State University,2010.

[18] BURFORD D A. End effector for forming swept friction stir spot
welds: US 8444040 [P]. 2013-05-21.

[19] BROWN J, GROSS J, BULLER J, et al. Retractable vs. fixed
probe tools in swept friction stir spot welding[C]. San Diego: Friction
Stir Welding and Processing IV, 2011.

[20] B AR, P, A . B A ] IR EE AR Sk
HYUPERE [J]. TAUPRET22,2014, 44(2) :42-48.

HAO Yunfei, LI Yanmin, ZHOU Qing, et al. Retractable friction
stir welding technology of 2219 aluminium alloy[J]. Aerospace Materials &
Technology, 2014, 44(2):42-48.

[21] OKADA H, KAMIMUKI K, OHASHI R, et al. Joint property
of refill friction stir spot welding for aluminium alloys[C]//Aeromat 25
Conference & Exposition American Society for Metals, Orlando, 2014.

[22] OKADA H, KAMIMUKI K, FUJIMOTO M. Application study
of refill fssw on aerospace industry|C]/Symposium of Friction Stir Welding,
Huntsville, 2012.

[23] AMANCIO-FILHO S T, CAMILLO A P C, DOS S J F, et al.

Preliminary investigation of the microstructure and mechanical behaviour of

98 MMl EA « 2017 4555 10 ]

2024 aluminium alloy friction spot welds[J]. Materials Transactions, 2001,
52(5):985-911.

[24] UEMATSU Y, TOKAJI K, TOZAKI Y, et al. Effect of re—
filling probe hole on tensile failure and fatigue behaviour of friction stir spot
welded joints in AlI-Mg-Si alloy[J]. International Journal of Fatigue,2008,
30(10-11):1956-1966.

[25] ROSENDO T, PARRA B, TIER M A D, et al. Mechanical and
microstructural investigation of friction spot welded AA6181-T4 aluminum
alloy[J]. Materials & Design, 2011, 32(3):1094-1100.

[26] CHEN Y. Refill friction stir spot welding of dissimilar alloys [D].
Waterloo: University of Waterloo, 2015.

[27] VENUKUMAR S, YALAGI S, MUTHUKUMARAN S, et al.
Comparison of microstructure and mechanical properties of conventional
and refilled friction stir spot welds in AA 6061-T6 using filler plate[J],
Transactions of Nonferrous Metals Society of China, 2013, 23(10): 2833—
2842.

[28] 4z JE, THEHE . A1-Zn-Mg £ 42 i PH S 0 S 1 R 4 2
NS 4120 12 BE 0], 142, 2015(12) :48-51.

CUI Yunlong, HE Jianying. Microstructure and mechanical properties
of friction stir spot welding and resistance spot welding on Al-Zn-Mg
alloy[J]. Welding, 2015(12):48-51.

[29] Huys Industries. http://huysindustries.com/processes/refill—
friction—stir—spot—welding/.(2016-07-22).

[30] BAKAVOS D, PRAGNELL P. Effect of reduced or zero pin
length and anvil insulation on friction stir spot welding thin gauge 611
automotive sheet[]]. Science and Technology of Welding and Joining, 2009,
14(5):443-456.

[31] BAKAVOS D, CHEN Y, BABOUT L, et al. Material
interactions in a novel pinless tool approach to friction stir spot welding
thin aluminium sheet[J]. Metallurgical and Materials Transactions A, 2011,
42A:1266-1282.

[32] TOZAKI Y, UEMATSU Y, TOKAJI K. A newly developed tool
without probe for friction stir spot welding and its performancelJ]. Journal of
Materials Processing Technology, 2010, 210(6-7):844-851.

[33] HUANG Y X, HAN B, TIAN Y, et al. New technique of filling
friction stir welding[J]. Science and Technology of Welding and Joining,
2011, 16(6):497-501.

[34] FKTE, XA, B dr, 55 — PR ALIEPE B R TT
7 :2010101368347[P]. 2010-09-22.

HUANG Yongxian, LIU Huijie, LI Jinquan, et al. A method for
Keywhole-less friction sir spot welding: 2010101368347[P]. 2010-09-22.

[35] MILES M P, KOHKONEN K, PACKER S, et al. Solid state spot
joining of sheet materials using consumable bit[J]. Science and Technology
of Welding and Joining, 2009, 14(1):72-77.

[36] MILES M P, FENG Z, KOHKONEN K, et al. Spot joining of
AA 5754 and high strength steel sheets by consumable bit[J]. Science and
Technology of Welding and Joining, 2010, 15(4):325-330

[37] VENUKUMAR S, MUTHKUMARAN S, SOORAJ R.
Microstructure and mechanical properties of AA2014 refill friction stir

spot welds[C]//Symposium of Friction Stir Welding, Beijing, 2014.

BIRAEE: ERE P, W W55, BF5 07 ) et i H R, E-mail:
guoqingwang2 1 1@sohu.com,

(Digh # %)



