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Table1 Information of typical Al-Li alloys'**8%!
Alloy Li Cu Mg Ag Zr Sc Mn Zn Density/g-cm™ R & D region
Al-Cu-Li alloys (large specific strength, poor fracture toughness, high notch sensitivity, and difficult-to-process characteristic)
2020 1.2 4.5 - - - - 0.5 - 2.71 The United States
VAD 23 1.15 5.15 - - - - 0.6 - 2.68 The Soviet Union
Al-Li-Mg alloys (slightly improving plastic toughness, low strength, and poor corrosion resistance)
1420 2.1 - 5.0 - 0.10 - 0.5 - 2.47 The Soviet Union
1421 2.1 - 5.2 - - 0.17 - - 2.47 The Soviet Union
1423 1.9 - 3.5 - - - - - 2.46 The Soviet Union
Al-Li-Cu-Zr alloys (increasing specific strength, serious anisotropy, weld incapability, and poor fracture toughness)
2090 2.1 2.7 - - 0.11 - - - 2.59 The United States
1460 2.25 2.9 - - 0.11 0.09 - - 2.60 The Soviet Union
Al-Li-Cu-Mg-Zr alloys (favorable strength-toughness matching, improving corrosion resistance, reducing anisotropy, and good stability)
2091 2.0 1.2 1.3 - 0.11 - - - 2.58 France
8090 2.4 1.2 0.8 - 0.11 - - - 2.54 Europe
Weldalite 049 1.3 5.4 0.4 0.4 0.11 - - - 2.54 Europe
1430 1.7 1.6 2.7 - 0.11 - - - 2.54 The Soviet Union
1440 2.4 1.5 0.8 - 0.11 - - - 2.55 The Soviet Union
1441 1.95 1.65 0.9 - 0.11 - - - 2.59 The Soviet Union
2195 1.0 4.0 0.4 0.4 0.11 - - - 2.71 The United States
2198 1.0 3.2 0.5 0.4 0.11 - <0.5 <035 2.69 The United States
2050 1.0 3.6 0.4 0.4 0.4 - 0.35 <0.25 2.70 Canada
2060 0.75 3.95 0.85 0.25 0.11 - 0.3 0.4 2.72 The United States
2055 1.15 3.7 0.4 0.4 0.11 - 0.4 0.2 2.70 The United States
2397 1.4 2.8 0.25 0.11 - 0.3 0.1 2.65 The United States
2A97 1.4 3.9 0.42 0.24 0.15 - 0.3 0.44 2.70 China

HAr, @\ aSEis RSN, &ES
feginin G S M HEE G M EHEAT 5E 5 MRS
mee, mleeRAWNIER, By, BOE
B e, TR DR R 8270 68 T R A S5 e AT 4
HEMBHO AP AR &, Mo e Bk T g R
AGEAEAAL, I HARER A WL 45 4 1 e i1
e Bk, KAWERBEE SIS S IEAR, &
e ISR AR MR E, X TR S AN MR

The Soviet Union applied 01420 alloy to Yak-36 and Yak-38,
which was the first application of welded Al-Li alloy in aircraft.

The U.S. canceled 2020 alloy and began to work on Al-Mg-Li alloy. \

The U.S. Navy supported regional fracture toughness study of Al-Li alloy. _
.
2
The Soviet Union began to work on the second generation of Al-Li alloy. {o) %
(.
2090 alloy of Alcoa and 8090 alloy of European 19&0&
Aluminum Association were developed successfully. 1984
8090 alloy of French Pechiney Corporation
was developed successfully. 1985 =
Southwest Aluminum, Central South University, Northeastern University, Se‘,e\ﬂxf“'ﬁ—g

and etc. jointly imitated 2091 medium-strength AL-Li alloy.

Lockheed Martin Corporation developed the weldalite alloy family.

China trial produced 01420 and 2090 alloys, and built China's first 1 t class Al-Li
alloy semi-continuous melting and casting unit at Southwest Aluminum

Renault Corporation developed 2195 alloy, which was used in ultra-light
storage tanks of space shuttle in 1998.

China introduced 6 t class Al-Li alloy melting and casting
production line and successfully produced 2195 alloy.

SRS BR AT E N B A R E . &P MRS
SR TAEFFGET 20 thed 20 4FAR, fEEBIEKT
1924 4K B T Scleron S84 &4, He Li txZ M & &
N 0.1%, Z4a 4t IEACK R A 5N T A
MALEF 2, e R BAR PR R I =N, R
G e R B SR IS BOREZ BB FATI KT .
BEEA, HEHAESMEBENHELETVES LT
3IAKE, HEBERBEIRES W 10082324,

The Soviet Union successfully developed 01420 alloy.

The Soviet Union began the development of Al-Mg-Li alloy.

The U.S. developed 2020 alloy and used it on RA-5C AWACS.

° &
\o 9\? Qé’f Study on phase diagram of Al-Li alloy.
N &
o
N The U.S. began to work on Al-Li alloy.
K
1924 Germany invented the first Al-Li alloy Scleron.

Development of the fourth generation Al-LI alloy.
China has all independent intellectual property rights of C919,
whose Al-Li alloy accounted for about 15.5% of whole material.

China studied on large-size, high-strength, and
high-toughness Al-LI alloy thick plates.

Airbus introduced the concept of fourth generation Al-LI alloy.

China broke through some key industrial technologies of2A97 alloy.

The 2A97 Al-Li alloy independently designed by China was successfully developed.

Europe, the United States and some other countries developed a variety of
third generation Al-LI alloy and widely used it in aerospace and other fields

K1
Fig.1
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Major events in the development history of Al-Li alloys

[1,3, 16-18, 23-24]
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Fig.3 Schematic diagrams of precipitates’ microstructure in modern Al-Li alloy

[1,18]
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Table2 Effect mechanism of elementsin modern Al-Li alloys®“”

Type Element

Effect mechanism

The content is strictly controlled below 2%, which plays the role of precipitation
Li strengthening and solid solution strengthening. The precipitation strengthening is
mainly caused by the homogeneous precipitation of metastable phase o'.
The content is between 2% and 4%, which promotes the precipitation of 6’ phase and T,
Cu phase and increases the stacking fault energy of &' phase to improve the strength and

plasticity of the alloy.

The maximum mismatch energy of the interface is reduced, and the 8’ phase and T,

Main-alloying Mg
element

Zn

phase are uniformly dispersed in the grain. The S’ phase is formed with Cu element to
improve the strength of the alloy. It is dissolved into the matrix or precipitation to

provide a solid solution strengthening.

The corrosion resistance of the alloy is improved. It promotes the uniform precipitation

of S’ phase and T, phase.

The strong interaction with Mg element promotes the precipitation of §' phase and T,
Ag phase and inhibits their growth to improve the strength and thermal stability of the
alloy. Moreover, it also has a certain solid solution strengthening effect.

Mn

The formation of dispersed phase avoids the occurrence of recrystallization and reduces

the anisotropy of the alloy.

Zr and Sc
Micro-alloying
element Rare earth elements,

such as Ce and La

The formation of fine, coherent, non-shearable, and ordered dispersed phases inhibits
recrystallization and grain growth to improve the strength and plasticity of the alloy.
It accelerates the aging speed, promotes the uniform dispersion of fine precipitated
phases, and reduces the segregation of Fe and Si at grain boundaries to improve the

yield strength, tensile strength, and elongation of the alloy.

) Fe and Si
Impurity element

The formation of coarse insoluble compounds seriously affects the plasticity and

fracture toughness of the alloy.

H The formation of stable hydrogen-rich phase reduces the plasticity of the alloy.
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Fig.4 Actual application of Al-Li alloys in a transport aircraft!"*!: (a) RA-5C and (b) EH-101
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Table3 Actual application of Al-Li alloysin aerospace field™ 18 2425 5464
Alloy Application Region
2020 The wing skin and tailplane of RA-5C The United States
1420 Yak-36 and Yak-38 The Soviet Union
1423 MiG-27 The Soviet Union
1441 The fuselage skin of Be-103 amphibious aircraft The Soviet Union
2090 The triangular-wing launch vehicle; the flap S.kll’l and vgrtlcal tail of C17; the front landing The United States
gear support traction of Boeing 747
8090 The aluminum alloy structure of EH-101; Titan rocket; F-15 The United Kingdom
1430 The oval section fuselage of TU-204 The Soviet Union
1450 The fuselage of AH-70 The Soviet Union
1460 The tank of Energia The Soviet Union
8091 The warhead casing of long-range missile The United Kingdom
2050 The wing rib and longitudinal beam of AZ.»SOXWB; the crew compartment and propellant tank The United States
of Project Constellation
2060 The fuselage skin The United States
2196 The floor crossbeam and seat sail of A380; the long beam, floor crossbeam, seat slides, and China; Canada

Al-Li-S4

cabin floor support columns of C919

2198 The fuselage bulkhead deck of F-16; the rear spacer frame of F-22; the fuselage skin of C919
The fuselage skin of C919
2099 The floor crossbeam, wing longitudinal beam, and fuselage of A380

China; the United States
China; the United States

France
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Fig.6 Schematic diagrams of laser welding models of thermal

conduction mode and deep penetration mode
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Fig.8  Macrophotograph of pores (a); synchrotron radiation X-ray imaging results of gas pores (b) and keyhole pores (c)/"*""
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cracking®®!

Alloy SoluFe' Brittle Volume fraction of
system composition, temperature " o phase/%
y /% range span/K

Al-Li 2.5 55 9.9

Al-Cu 3.0 100 5.5

Al-Mg 3.0 205 1.4

Al-Si 0.8 90 4.2
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Fig.10 Schematic diagram of weld microstructure of conventional Al alloy and Al-Li alloy (a); effect of temperature gradient (G) and

growth rate (R) on morphology and size of solidification structure (b

)[89—90]
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Fig.11 Optical microstructure (a), EBSD image (b), and SEM image (c) of fine equiaxed zone
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Table5 Tensile propertiesand fracture location of modern laser-welded joints of Al-Li alloy!

x5 NREESEHCRERELMNMERESHRME

37, 98, 107-108, 112-114]

Tensile Tensile Elongation
Alloy Welding wire  strength/ strength Elongation/% coefficient/ Fracture position
MPa coefficient/% %

2060-T8/2099-T83 4047 391.7 78.1 1.7 15.5 Near.the fusion line
in the weld

2060-T8/2099-T83  Al-6.2Cu-5.4Si  411.5 82.1 3.8 34.5 Near the fusion line
in the weld

2A97 - 375.0 84.3 4.8 213 Near'the fusion line
in the weld

2060-T8 - 416.0 835 12 86 Near.the fusion line
in the weld

2060-T8 5087 317.0 63.7 1.6 11.4 Near 'the fusion line
in the weld

2198/2060 - 276 54.8 28 10.6 Near .the fusion line
in the weld

2198-T3 - 223 525 43 17.6 Near. the fusion line
in the weld

2198-T3 4047 268 63.1 5.8 23.7 Near. the fusion line
in the weld

2198-T8 - 326 64.7 36 273 Near_the fusion line
in the weld

2A97 - 227 60.5 ) ) Near. the fusion line
in the weld

2A97-T3 2319 187 49.9 - - Middle of the weld
2A97-T3 5356 273.0 59.9 1.9 9.8 Whole weld
2A97-T3 4047 249.3 54.7 2.3 11.9 Whole weld
2A97-T3 2319 261.3 57.3 2.3 11.9 Whole weld
2A97-T3 2A97 269.8 59.2 2.5 13.0 Whole weld

MRAEE 5 h B & B O IR H P Sk AR A 5
6, 45 SR g BT 95 107108 T2-TAT gt e S () ar fi T 28 4
BB TR EEIX A, P 9 R 3 0 T B kT, H
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FEF S LR AU S VS . ] 12a P, SRda
EWOCIR R I h R S0 2 AR TR S A 2 Y
T, ZREUN T AL B AR 3 AR A S5 Al AR X R
R G S RO GRS i b, M X5
SRR R P T DA D98 55 SR AU, o Z I I SE 4
BN SE T 57 R B A B B . LAk, IR
LU PR AT 5 A0 i X A SURFE 2 T A — 8 B &R
( 12) [112, 115]c
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Fig.12 T-joint tensile fracture path (a), morphology (b), and butt joint fatigue fracture path (c) of modern Al-Li alloy laser welding

[112, 115]
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Fig.14 Corrosion features on the top surface after immersion in 3.5% NaCl solution for 6 h: (a, d) as remelted; (b, ¢) aged at 155 C;

(c, f) aged at 175 CU'®
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Research Progressin Laser Welding Technology of Al-Li Alloys

Shao Yingkai'*, Chen Li*, Yu Cangrui**, Li Zhiyong'*, Qian Yuanhong'*, Liu Yingying'*
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Abstract: Owing to excellent fracture toughness, high specific strength and stiffness, stable high- and low-temperature performance, and
good corrosion resistance, advanced lightweight aluminum-lithium (Al-Li) alloy has become one of the most competitive aerospace
materials. Laser welding is the most promising process for welded Al-Li alloy thin sheet, which possesses the advantages of high energy
density, narrow heat-affected zone, low deformation, and fast welding speed. For Al-Li alloy structure, welded connection instead of
mechanical connection can effectively improve the utilization rate of materials, reduce the components, decrease manufacturing costs, and
achieve mass loss. At present, there are still some key technical problems and issues in laser welded Al-Li alloy due to its own material
properties. In this paper, the research status of Al-Li alloy, laser welding, and laser welded Al-Li alloy in aerospace field was summarized.
Furthermore, the main research trends of laser welding technique for Al-Li alloys were prospected.
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