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TS LR S, 96 B g R Txxx & 1T AR B0OR e SO Bxx, H 20 tited 30 4FAHF IR, HA SEE Hi
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AP ZbRAE, U PERR 5 2E 7039 98 1911 A0, H BA B4R E: T 2R , 91z B A T 38 v ke
RN AR | 0 HAE A AR IR 5 4 8 4 v 1 RS LT, ELARR 4y 2 S B

MG, T TAS2 FR A A MBI SY 2 BEAE A OB A P A A B MR Rt | 3 T R A R ) A I
T TH A AR TAS2 SR A IR D T ) 1L A ST R
1.2 7AS2 RE & REMRIAR

KT TAS2 S8 A M T2 M Sk MRe o i SCik b 2 il TR A & R 20RCR  RE % 8 R 1R 4%
FRAGT /IS R R R T e SO T 1 DR LR 42 0 vk A T M AR B R OR3P AR I A 1 M SR LR
KR PP AR WO FE T HRIUE Z A RSN HAT TAS2 A 4 BRI A H VR G e R
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22 SEEBEAEREFRIVK
221 WEHESWALIR

2004 AF K JFHL T R 2EHH 229, D8 55 252500 1420 454 4 047 50 REMEALAL B | I B ) il 45 H 40 oK i 4
FZR 2 FE R BT R 2000 20 wm A 4K A2 B B8 9 184 o, 37 35 ok ROSH 1 24 20 nm 32 37 48 in
#2100 nm, B )22 20~50 nm R W40 52 | 2180 98 KAk B L 5 88 v AR T AT Ok | 1 44 K bl i
7485 T A% B SRR AR TR 7 SRS BLAY , 506 i A PR A L, 3 A R I S R L 2005 AREIFSE T Al-Zn-Mg A 4
B IS AL 2 TET 490 DK b 3 2 v A BOUR 285 A 0 A | 5 SR SR B B A S R AR I i 4 3G, BT HH R A A K R X P LR 5
SR TR RSN T 100 nm B SAAH o 2 RRTRE VA A LR DR AT RE S oo T AR 17 ok RO ST 8 40 4k
S EE S EERG N, 2007 AEWESE T Al-Zn-Mg & 4 5 REME LB ) BT Ak A= SRS 1 b AR A5 R R R 9Kk Ab
FErp BOL TR Fe, Cr JRFAE SR HI MUK 1 VR e B E A G864 T, fEA B RIZ 29 30 wm 19 TR 7 [
WIE L T 23 A AR ) A 4 AL 2 S [RAR 78 2005 AR A0 K AL BIF 9T Befil X Al-Zn—Mg 75 fEmE AL 2% 1 440 K AL
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AT FEURE B2 X5 7075-T651 513 BE AR A 4 5% AR N 1 3 s i B, JRUB A T 55 48 APVt oE 1 TAS2 SR & 4
L AL A A RS AL R X A 20 T SR RS B 1) 5% i 2 B, B LA B BB S 1 TAS2 #R A 4 R 2 S kLA
2 B A A Ak, 7F 2 Y R A R By 0 B B S A B0 i A2 5 TSR A0 AR R 2 LR ST I R
M), 71T REL RS B2 ot 18 AL R T A 348 i i 3 K

2010 4F , % [E Cho K T, Yoo S 2P HF5E T Si & X Al-Si & 4 R 1 AUSCR (n TR 1k ) 52, &%
T AL T 40T, S wohd B B Si 25 10 3 0 17 38 00 st R 0 o =2 0/ ) | =3 8 2 P ) 28 4 /)
Y Si b7 WL AR AT LU Rz Ak, 2015 4F 5 E Yong S N, Yoo T J &5 SR 0 . 187 43 BT 7 325 % g
B HAT AL, IE X B S B S B 45 48 A 4 2124-T851 K sh AL R b A7 T 058, &5 R KM &
MRS AL Z 50k W5 BB 25 50 mm, H T 4 kg/em?, 1 BE 60 ©, B [H] 130 s, W (R B2 Oy 178.2 HV, 5k 4% He
71-335.29 MPa; K1 F7 A B K4 1 ook sk () b i At B P8 R 5 A 187 7 A9 52 i S Do W A, i g G e /N
I 205 SR AR B J 5 SRR B A7 2 A RO RN 2 IR R S AR SR AR AR N 132 3 A IR TR R 4K R 3
HAEFHIFEM . 2013 47 H g 5589 %} 7075 484 & R MUK G T BT TOF9E , 45 R 0 R i gk ib
7055 $8 46 4 MORH R TH & A P E IR TE | MR IR TH 43 A7 R R SR A N T B K AT Ik 1 -369 MPa, 5k 4R
JE R 2GR BE IR 0.6 mm, 99K Ak S5 10RE i OR35S AR 2 55 T 50% 5 3% 40 K b — i B BE FE AR T 7055 48
B G R 2 T JEE 48 2R B0, A 2k H R R A FIRRE 11 329% , 3 B v RE WAL 2% 1 40 K AL A Ak 36 T 7055 48 A 4
A AL (R T S R
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() B 8 9% 57 75 A B TURIR 1.2, 5 am B 80 1 300% , SR 11 7E i J&) 952 57 0 155 O T 465 SR 00 1F 40 A 2, o i R VR
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SEEHOL N 28 e ALK R B A S B G 4 7075 SEAT TARE R 57N . S5 IR R, 2w iu A B iR e 08 BH A
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F ) WEIUAD RS (U = RN N BT 57 1 A X T R S 55 T Ak

SCHR[42-43 1% IR S 5056 456 4 W% 57 PERE AT T 5T, 5 5 38 Wi AL Ab 385 s i alRE He g, 5056
H A 4 IRRE 28 AW AL AL FRS A9 9% 55 PR BE SR B T Ok 107 YR, X IR R AR N 0 R A 57 IR rh | R A TR
JIS 3N TR, O, S LIRS T L T SO 7055-T775 BG4 3R A AR BE R Gk 4 N T34y
A7 4 5 M) KL, 2 BRLAE — 2 31 11 P I oo 0 e R S A (R 3 o, B A 7 T 3 R TR BE A A e KR AR R
L R HL TR 3038 R, 2 7 W AL AL 3 XS A et 8 T 1) R I 7 A 9 9 e PR 3 TV R i b A R AT BH I 1 ek
AR L 2RI X038 B IS T AL T A BB 7055-T7751 454 4 R HLRE [ R IR AT 1135 S 55 PEfE
MR MBI FEN , 755 PR BOLER AL SEOU B T B G G 00 57 P RE T 21 1 2 i 9% 55 W bt ik B i s
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2001 AEZEZR | AR T SR 1R AE IS AL AR X SS400 AR R FE 3k UEAT T AL &5 SRR I | e mE L Ab
J AT A e Sk 1 R T2 OR8] Bml BEAIL 23 A1 B 40 0K b, AR Sk =S KB 4 oK 2 — 2, HL
I8 7 T e ML A B RE S R RS SEBIL T SS400 KR Sk IX 3R 2 2 LA K A — b A E 3 — fk e [
AR HE— DR R W, iR T REE RS SRR S BE AL A A, R TE S A 10 nm 480K AL, BB
BEHR A FE R T, DR I AR 2 S A 9% 55 P BB AP AN R R 1A T SCC MERE LS 8] T i 3 JE w7,

2010 4F KA AN | B OGAIATE-SOUR ] v BE W AL AR X Tl 2l 4k e i g K AL b AT T 5% . &5 3R,
3 K i P TS it 5 M AL ) F% 184 o i 386 5 pR T A OREAS 30 T Ak, I RORE R R R L FE BE LT 10 wm
Ab | 5 AR B SR B 296.6 HV Bl 75 I W AL 15 P 5 10 388 0, ) AR TR 2 0 R RS W8 /0 5 HUZEWEAL 1 min,
RIAT7E Tl 404 2 T 2R A5 7 24 i BERE A2 68.4 nm, T LI A5 54 0.050% 11 40 K i J2 5 Bifi 25 5% ShL B [ 7 2B 4
s LR AR R AN | T SO 87 728 8 Sk B R 5 5L 14 min R 7E Tl 4 2k 2 1 B A5 S 1 Rk A2 28.5 nm,
TS A 0.175% 48K & )2

2012 AT Talk K2 75 7 o 20 W A5l Mg AL i 7 R st AL R 8] 25 T 25 2800 304 AS 45 89 3 1 7 BE 1Y
SR HEAT T HESE , 25 R B, 304 N5 A AR 48 i e Mt AL A B 28 )22 At bz B S 40 Ak 1K 2 9K 9, LR )
K, kLN s RIZAGUR LT W AR5 5 IR AR AR | Bl M5 AL R T 35 n 5 QAR 228 i 15 22 | B [ 44 A U
s I IUAL PR 200 B G R v, S R (B R AR BRI 2 5 2 5 7E 5~15 min 1 Bl P4, W% AL A ) X6
T 2 THT 1 B 52 ) AN K 5 38 3 % 3L KU - 1932 30 43 B, A5 B IS I A B ik S 22 S TR ) UL B AR DA R
W AL 25 45 S H00R ¢ BEAE R L B RIS K, 3R )2 FoRLE W80 | R e A8 38

2013 4 B3 TR 2% £ 52, A 2 I 550 R FH i BEMEALA BT ST12 #iEAT T A0 B, 25 3R W — g m§
JUFE 1R WAL 15 min 0] LAZE R Z TR SR K/ R 60 nm ZE 47 JE B 25 um AOGNKR SR )2, 4k 22 38 finmg
JUBSR] W9 35 A48 A0 A B Sk | i P 3 T B ) 398 0, S0 AR 2 B AR A s MWL B F] 2 15 min 5K B
TR 1T DA 65% 22 A7 5 BB JT B9 9 K AL 3 218 R AL BRATF o 45 SR 3 0 | 5 B Mt LA BT DL S 3 s PR AR A5
T BRI DT 2E— 20 4 oy Sl AR R R 8 b M

2014 AEWIIT K24 Lu Z,Shi L 2554 BIF58 T BEHLIE 1 % 304 B FCARAS S 80 1 68 i i 52 25 S 38 00 |
W20 AR R R R A AR T 8 0 B S AL 7 G T BN DA A A o S B I AL T 1 o i 38 5 24
Mt AL F3/NTF 0.4 MPa B, St 44k X5 Ry 77 T8 by 1 £ B9 52 i ke 32 54 D, 7 0 8 ot e J8 B it AL g Ay 38
T HG 05 MW IR T KT 0.4 MPa B, B [CAAR % 48 6 = B4R A 07 7 JE ok S0t B it AL e 7 A 385 o v
Jn, 7E 2015 4EE[E Cruchley S, Taylor M P A1 5 g oL Ak BT 5 9 8 i 24 55 89 19 Chromia 34 {8 20 J1 2%
AT T R, IR AR, RERERE M H ALY AT, %2 Chromia 24 Ti S22 AR EZEA Ni
(A1, Ti) BT B, A M ALAR FAE 800 CHY AT |, 154 25 114 [ PR Bl B (1] 9 A2 A JF AN B I L iX RS2 5 Chromia
JZIE R (T, Ta)O, AHA 56
223 Tolbaligk =G 9 KRB
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T % ¥ ARSI 2003 AR 2007 AF 4 Tll ZHER R FH w25 68 T AL A I 52 90 2 1 44 K Ak, X 40K Ak Ak 3 s
(4 20 2P B DA B 25 il o MERB I iEAT TR 9T 45 SRR & R RE WAL AL 3S |, Tl 2l Bk 3 T v] LB il —
S V5B 1R 4 K R 5 B ) R I R B [V ) 398, 2 T 22 %) R RS B 22 0D | 3 T R R 5 o AR B LS
R LR AR T O S KA SR B i i R o7 A w0 EE RN . 2006 A 8 BT UE AFER
Xof 4K v S AL A 2 T KRS B TR AT TR AT, 4 R SR T ok o T R A B AL Ak B S 3 TR R B e 1A K ik
/N WAL 10 min B LR B e K, Bl 22 72 7 P AR, WAL 60 min BHHELDRS B 84 T A8 %2 , W ALR ] 60 min A 2 i
i 2 L 55 P BE 5 I S5/ | 2 AR AR RUR Fie L 2005 AT PG 22 g SRR K 2 1 KR BN ERAE X TC4 KA
G HEAT T R REMEALAL S, A B S AR R RS B T ORGSR W VR BE 7 [] 1 R 0 A0 R B S RN B R
JE A B X 1) SR TR ARG, 2009 41 I 2 35 S0 BIFSE T TCA KA 4 2 1 40 K Ak B % 57 1k RE A 52 i, -k
157 BeHE ih g 97 100, 45 SR 6 TC4 K & & 4 m RE W AL B S |, FR 18 ok 1AL 2 18~22 nm , A 24 = T
LY 55 1 PR 5 B 5 AL R [ E K | b RS 1 — 25080/ 0N | (L 3R J2 0 403 8 18 R, an i e I 2% T 4 473, 2 e B I AL
it 1 0 57 W PR A G BRE PR

2014 4, PEIL Tk K2 Liu Y G 500 S midLAb #US 1) TC17 $k& &R )Z AT TAFFE . Zmiuiab B 3% h
TE 450 B AR A K i Fe /N IR ST 6.7 i, itk R ST B vl i 7 s D A% JE IR /N, TR — 4, P Tl
KR Yu S ZF9 g5 4 258 IR B 5 A BERN T ALSR AL X TI6AI4V 2K & 4 B9 557 BRrE b AT T 9% i & 3
B LS TS 4 AT )2 G UURUZ (Cr2Ti 2 CrTid 2 Co-Ti [ )2, Ho o5 7 i de, B2 R
T BRI Z [0 25 5 kA2 ZLB08 A 1 % 5 AL A B DS 03l A AN FEAE Cr—Ti [ 78 2 AL | ] i) 77 1
B A S I 3 A 98¢ 55 75 iy R0 g A Rl B A4 45 3 5 g ol 3

g LTk 2 e LB AR A RS | 4 Jm RO 4 F T L S B T kAL, H R B T 32 B v R M AL AL B
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Review on 7A52 Aluminum Alloy Welding and Its Welded Joint Sur-
face Nanocrystallization

Chen Furong, Jia Cuiling

(School of Materials Science and Technology, Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: As a typical Al-Zn—-Mg—Cu series aluminum alloys, 7A52 aluminum alloy is widely used in the struc-
ture of the aircrafts, rockets, light armored vehicles and ships with its excellent mechanical properties and high
specific strength, which is often present in the form of weldments during practical applications. However, due to
the low melting point of aluminum alloy, large heat transfer coefficient and high thermal expansion rate, when
welded by conventional fusion welding process, this alloy may have such defects as weld cracks, pores and soft-
ening of welded joints. Moreover, the unevenness of the welded joint is the main cause of failure in service.
Therefore, how to improve the strength of the welded joint and realize the uniformity of the microstructure of the
welded joint is one of the key problems in the welding of the high-strength aluminum alloy. The surface nan-
otechnology is expected to solve this problem, thereby improving the overall performance of the welded joint.
This paper reviews the research results at home and abroad in recent years. Based on the overview of 7A52 alu-
minum alloy, it focuses on the comparison of the alloy TANDEM MIG, electron beam welding, friction stir weld-
ing, laser welding, plasma welding and composite welding. At the same time, it discusses the research status of
surface nanocrystallization of metal and its welded joints in details, especially elaborating the use of high—energy
shot peening and ultrasonic impact treatment to achieve surface nanocrystallization and improve the current situ-
ation and development trend of welding fatigue strength. It points out that improving the strength coefficient of
joint is the key research direction of aluminum alloy welding in the future, and ultrasonic impact treatment tech-
nology is one of the important methods to realize the nanometerization of welded joint surface.
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