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SCEG A RE N IR KA 7075 A A FLHIRR AL, 1 A
PEREWIER 1 F13K 2, RSF4 300 mm X 80 mm X 3 mm.
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1900 t/min), HEATZ HIEELE . 55 DU AT A b
DU — R PR R B AN T, AN SIS SR H v R AT b
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Fz1 1075-0 BEELERS
Table 1 Chemical composition of 7075-O aluminum alloy (w/%)

Zn Mg Cu Mn

Si Fe Cr Ti Al

5.1~6.1 2.1~2.9 1.2~2.0 0.30

0.40 0.50

0.18~0.28 0.20 Bal.

F2 7075-0 HEE1ERE
Table 2 Properties of 7075-O aluminum alloy

Tensile strength/ Yield strength/ Elongation/ Hardness, HV/ Solidus Liquidus
MPa MPa % X 10 MPa temperature/ C temperature/'C
225 112 17 70 520 630

1 ZLAMMRA, JREREEE, BUHEEEER R, BidEk
Fig.1 Thermal infrared camera (a), schematic of welding (b),

setup of friction-stir welding (c), and tool of welding (d)
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Fig.2 Peak temperature versus various moments (1200 r/min)
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Table 3 Peak temperature at different rotational speeds
n/r-min’! 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
T,/ 'C 430 425 439 434 451 443 455 460 473 476 484 490 481 496 495 483 485 495 481 490
\Q 520 a 500 [ ) . . b
*é’ 480+ 490t . .
S 480 " .o "
?5‘ 440+ 470}k 0.97=468 C
2 4000 460} v
g inks of 4501 ]
5 360+ Stamn?ot Endif g O .
[<% traveling Rarfae of tempefature trayeling 440 r 2 )
g 3204 Plunging Remain 5 s Remian 3 s 430+ = Datas of experiments
= u —— Fitted curve of datas
= 280l : - - - L L L T
o 880 960 1040 1120 1200 1000 1200 1400 1600 1800 2000
Time History/s Tool Rotational Speed, n/r-min’
Bl 3 AT R PN O e 3R 5 B A BT TR AR A0 i 28 (1200 r/min) R 2 2 JAOGT I 4% e R0 3R 55 1 5% )
Fig.3 Peak temperature in range of traveling versus various moments (1200 r/min) (a) and effect of tool rotational speed

on the peak temperature of joints (b)
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Table 4 Parameters used for calculation of the peak
temperature
T/ C T./C r/m k o B
520 25 6x10°  0.90051  0.00974 —0.16218

Bt b e (P45, X el B U FSW AT
8 B TT AP A HER 1, (H TG S M R 1 FSW
PR IL ST AT R I R A R8s Al 1) K
JE5ETE, T ORIERVE N B, R A P, W
PEARTE IR, AP B AT e, MORHRL SR AL, =

O 550
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m  Datas of experiments

Fitted curve of datas
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Fig.4 Peak temperature as a function of tool rotary speed (a) and

comparison of the experimentally measured peak tempe-

rature of joint with literature function (b)
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FUEE BN E R A B 1)K A R Bl A PR AR
JEE 5 2R B A R4 I ) I B 1) R KA FSW I 72
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1T FSW b A N K 430K US54 R B
5 BT LA SCAE 25 18 PR 2 501 A8 A 0T FA i N St 1 5
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REBL. A3 Scott Miller 25 NP s 45 BLn 13 %A
FETR BT ORI (0 R R B R A, R S

ERWF TR LI, T ks B RS T
AN 0.2 mm, JTCAAEIRSZEG P RS IR A A .
e {7 vk 58 o e A Ak i £ T e, B BRI, AR
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FEC PR T RS 458 3 JEE £ 38 0 2 5% i) PR 4 R 8, O — g I
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PREL. T, XS I EUE AT A AR HE, i Sa,
M A8 37 JBE i R 005 B 2 3 1 O R 2R(6), BV p=A(m):

u=yexp™ (6)
Horp, M BEEEE veor, AT m/s, o AEHE A3

B rad/s, r NEHE AR, FEARSLKH =6 mm, [AIHHR
B y=2.185, 6=-1.104.

AT FE G I A W2 B 0 A e L R 8 J
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Q 'uv><104
T -T
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s

Kb, o IR AMIESE rad/s; v WIRIERE m/s; r
NPEFE I RIE 4 T, IR EiE 5 s T, s
BT IS, ABRIEE s T A Wl AR 0 AR 2
FZHIEWE 6.

[ S SR B R 1000 mm/min I, 20(8)m A8 Bk
T LA AR R — 0 R B, W8 T=F(n), MREEE
WK sb. WLUE W, BREEB S SR B A
E—5. 54, g6 O L8 HRE 50 A T
DAFHUIN , 4 P i gk — 20 38 hn, i 2000 r/min )5,
A CR R A RS Rl W O SRS 23 SR

R5 TREEFHTHEZERIE

Table 5 Values of coefficient of friction under different welding conditions

n/r'min’! 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
T,/C 430 425 439 434 451 443 455 460 473 476 484 490 481 496 495 483 485 495 481 490
U 1.09 1.12 1.01 1.08 0.95 0.98 0.92 0.90 0.82 0.79 0.73 0.62 0.74 0.60 0.60 0.73 0.71 0.61 0.74 0.62
12 2 500 13
— 1=fn) a = ]
j: 1.1F - B Data of experiments t» 490 ] %% :‘“‘
= A
5 10F S 4801 1105
2 — 470 10.9.2
&g 09}k 8 ®  Data ofexperiments - 08%
O o8l § 460¢ T=F(n) 1 0.78
E = 450} Jo6 g
B 07F g- 440 | 10.5 «3
= o6l [5) i 104 LE
Z 430 — u=n) 40.3
05 . . . . . < 4D . . . . . 02
1000 1200 1400 1600 1800 2000 A 800 1200 1600 2000 2400 2800

Tool Rotational Speed, n/r- min”

Tool Rotational Speed, /r-min”

P 5l i Ak B 48 R 00 e T PR AR A O 2R R DA, 82 4 5 DA R B R 0 5 R P B il R R R

Fig.5 Exponential relationship between the friction coefficient and tool rotational speed (a); peak temperature and friction coefficient as

functions of tool rotational speed (b)

*6 HEXHESH
Table 6 Pertinent parameters for calculation analysis
TJ/°C T,/°C r/m a b a I
520 25 6x10° 290 0.7589 —10  7.933

2.3 AERIEFE R THIELELE 5%
K 6 & S IR N RGN S Sk AL 4. MR
PN 1000~1200 t/min I, i TR E A S, BT
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Fig.6 Appearance of joints and cross-section macrostructures

obtained in different welding conditions (a~j is at the

speed of 1000~1900 r/min, respectively)

DUAR 4% 35 T 5 0 H 60 it o, (0 AR 48 3R T 2
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PP EE T N 1300~1600 r/min I, [t 35 8534 16 7+
fEr, AR R W T s, R SR R T AR IR T
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Thermal Model and Peak Temperature in High-Travel Velocity
Friction Stir Welding of Aluminum Alloy

Wan Xinyong', Hu Zhili', Pang Qiu'?, Zhan Boyi'
(1. Wuhan University of Technology, Wuhan 430070, China)
(2. Wuhan Donghu University, Wuhan 430070, China)

Abstract: 7075-O aluminum alloy rolled plates of 3 mm thickness were friction stir butt welded at a constant high-travel speed of 1000
mm/min and various tool rotary speeds (1000~1900 r/min). The peak temperature of the joint was measured by a thermal infrared camera.
Effects of tool rotary speed on peak temperature and appearance and cross-sections microstructures of FSW joints were investigated. The
results show that peak temperature of the joint increases gradually with increasing the tool rotary speed till 1600 r/min and reaches the
maximum at 1600 r/min, approximately 500 °C. Increase of rotation speed higher than 1600 r/min brings about fluctuation of peak
temperature from 480 °C to 495 °C and slightly decreasing tendency. This is not consistent with the previous thermal modeling and peak
temperature function of welding parameters. With an emphasis on weld quality, the experimental results of cross-sections microstructures
indicate that the optimum tool rotary speeds are 1400, 1500, and 1600 r/min. Based on the mechanism analysis of heat generation about
friction, an analytical thermal model of high-travel FSW was developed to estimate the function of the peak temperature in which a
variable of friction coefficient was created in the thermal model.

Key words: friction stir welding; high-travel velocity; variable of friction coefficient; thermal modeling; function of peak temperature
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