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Abstract: Based on the response surface design, the optimal process parameters for single-side friction stir
welding(FSW) of 2195 Al-Li alloy sheets are studied. It is found that the higher the rotation speed and the
lower the welding speed, the higher the tensile strength of the welded joint. The results show that in the
single-side FSW, when the pin length is 2/3 length of the thickness of the plate, the root of the weld
appears unwelded defects, the fracture form of the welded joint is between brittle and plastic fracture, and
the tensile strength of the joint is poor. Based on the optimum process parameters of single-sided welding,
double-sided FSW can overcome the unwelded defects at the root of single-sided welding. Under different
tool pressures, when the stirring head speed is 1600 r/min, the feed speed is 150 mm/min, and the
pressure is 0. 1 mm, the double-sided welding can improve the tensile strength of the welded joint by about
10% and the elongation of the welded joint by 10%. In two-sided FSW, the material flow on the forward
side 1s obvious, and the fracture mode of the welded joint is a plastic fracture. In double-sided welding, the
plate is subjected to secondary stirring and heating, resulting in increased softening of the material in the
welding area. The microhardness of the double-sided welded joint is further reduced than that of the single-
sided welding.
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Table 1 Chemical element content of 2195 Al-li alloy(mass fraction/ % )

Element Fe Si Mn Cu Ti Zr Zn Mg Ag Li Al
Min 3.7 0.08 0.25 0.25 0.8 Bal.
Max 0.15 0.12 0.25 4.3 0.1 0.16 0.25 0.8 0.6 1.2 Bal.
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Fig. 1 Friction stir welding machine(a), stir head morphology(b) and welding process(c)
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Table 2 Experimental design table

Level A/(mm-min~") B/(r*min"')  C/mm
—1 150 800 0.1

0 200 1200 0.2

1 250 1600 0.3
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Fig. 2 Pattern size (a) and stretcher (b)
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Table 3 Test results

Factor Result
Number
A/(mm-min ') B/(r-min 1) C/mm Tensile strength/MPa Elongation/ %
1 200 800 0.1 108 6. 40
2 150 1200 0.1 114 5.25
3 250 1600 0.2 124 7.58
4 200 800 0.3 102 5.80
5 200 1600 0.3 148 8.80
6 150 1200 0.3 140 9.40
7 250 800 0.2 103 6.44
8 200 1200 0.2 114 6.32
9 250 1200 0.3 119 6.40
10 150 800 0.2 127 6.90
11 200 1200 0.2 115 6.50
12 150 1600 0.2 165 10. 45
13 200 1200 0.2 115 6. 40
14 250 1200 0.1 106 4.50
15 200 1600 0.1 126 8.00
16 200 1200 0.2 110 6.52
17 200 1200 0.2 107 6.45

H T SC W 41 B0 5 &2, TR I e ORI 12 41 52 56 5008
F 45 5 20 T AR AR G 4 A0 P R AR B Sk = TR P M S G
(9 R 7 - SRR R, R 3 T s . AR R R 3 A5,
1278 R AR 1 322 3k (R PO o B i I SR e i o A [ AR
P S HUF IR B 3k 10 1 S R RE 22 BIAR K, AR 1Y Bt
P75 JE % % 4 102 MPa, 1273% B 1Y (K % 5 5 >
10.45% 147 CRE R R R Bl 4. 5000 intknl I,

P4 TS B IR S 9 ) 27 R fE
R

470 A 127U 1 7 4 3R 1o A 8T 4 BT, o A
PRI B 22 S i A o P 4 (a) O 47 URE A R 2
T, 7 4 2 10 2 ML R S W e A e R A T R 4
BRI A R A DX Y T B OR E S
T AR 3R B 4 o b R AR R A T S T

HAT AR



128 B AR

20254 2 H

150 ElTensile stength
i 160 [ Elongation
% 140

ngth/
® ® 2O P
o o o o

Elongation/%

Tensile stre
I
o

r
o o

123456?891011120
3 Ry - RS AR P

Fig.3 Stress-strain histogram
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Fig. 4 Weld surface of samples 4% (a) and 127 (b)
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Fig. 6 Microstructure of welding tensile fracture
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Table 4 Response surface result analysis

Element Quadratic sum Degree of freedom  Mean square error ~ F P Significance
Model 4372.42 9 485.82 12.06 0.0017 Outstanding
A 1104. 50 1 1104. 50 27.41 0.0012 Outstanding
B 1891. 13 1 1891.13 46.93 0. 0002 Outstanding
C 378.13 1 378.13 9.38 0.0182 Outstanding
AB 72.25 1 72.25 1.79 0.2224

AC 42.25 1 42.25 1.05 0.3399

BC 196. 00 1 196. 00 4.86 0.0632

A? 279.67 1 279.67 6.94 0.0337 Outstanding
B 372.04 1 372.04 9.23 0.0189 Outstanding
c 1.52 1 1.52 0.038 0. 8517

Residual 282.05 7 40. 29

Disfitting term 231.25 3 77.08 0.67 0.0570

Absolute error 50. 80 4 12.07

Total 4654. 47 16
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Fig. 7 Response surface diagram of interaction factors AB (a),AC (b) and BC (¢)
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Fig. 8 Morphology of double-sided welded joint
(a)1600-15-0.1D;(b)1600-150-0.2D
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Fig.9 Section of welded joint with different pressure
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Table 5 Test results

A/ B/ Welding
Number — ., C/mm
(mm-min~ ') (r-min ') direction ~ MPa

Strength/

1 1600 150 0.1 Identical 195

2 1600 150 0.2 Identical ~ 190
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Fig. 10 Single and double-sided weld stress-strain cunves

with different pressure
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Fig. 11  Microstructure of double-sided welding fracture of 1600-150-0. 1
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Fig. 12 Hardness of single and double-sided welded joints
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