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Engineering Critical Assessment on Friction—Stir—Welded
2219 Aluminum Alloy Structure

CAO Xuemin' TIAN Zhijie® XIONG Linyu” MA He' ZHANG Yanhua'

(1 School of Mechanical Engineering and Automation , Beihang University, Beijing 100191)
(2 Capital Aerospace Machinery Company, Beijing 100076)

Abstract Based on the failure criteria including COD design curves and net section yield, engineering critical
assessment (ECA) on 2219 aluminum alloy structure welded by friction stir welding (FSW') was carried out. Critical
crack sizes of Nugget zone (NZ), thermo—mechanically affected zone (TMAZ) , heat affected zone (HAZ) and base
material (BM) of 2219 aluminum alloy FSW joint were calculated. The surface defect tolerances of friction—stir—wel-
ded 2219 aluminum alloy structure under different stress—level were obtained, and ECA on longitudinal FSW joint of
launch vehicle tank under a certain pressure inside the cylinder was executed. ECA method in this study provides a
reference for fracture control of friction—stir—welded aluminum alloy structure. Results show that HAZ at the longitudi-
nal advancing side is the key area for the fracture control of the 2219 aluminum alloy FSW joint. The given surface de-
fects are acceptable under specific internal pressure.

Key words 2219 aluminum alloy, Friction stir welding, Engineering critical assessment,Launch vehicle tank

U1 AL TR TR BN 22 SRR AHT A R
2219 R Ea T AL FER AL Al-Cu-Mn RAT M SRS HSRARSE ORI AR /N FR AR N ST/ KRS /)N

HURALEL G 4, AR A0 S ISR B S AP Rl R SRR, T2 TG SRR

R PERE" ! | 218 B H AR 1 B AR, i 2219 F A A E EE AR AR S I I AR 254 14 55

PEEEIR T L SR G IR T ML B JOAE T8 30 Sk I B S BUC RIS R, T IR

Wk H 4. 2018-05-11

T 4100 5 . [ L RBHIFYE B (JCKY2014203A001 ) 5 BRI B (B T.—7) [2014] 618 5)

S—EE A AR 1994 S I A WL WFGEAE  IITSE 0 ) R AR SRS A0 52 e S W45 . E-mail: caoxueminexm@ 163.com

WAFIEE IREHE, 1956 4 A T, T2 AN FARFELE R W 2442 1 5 5 B Pk AR 3B 25 5 1 9 0 SR LAE . E—mail ; zhangyh@ buaa.edu.cn
— 66 — FHMETZE  http://www.yhelgy.com 2019 4F &5 2 #]



REIAE 45 M SE AL, XF 2219 F8 4 A T Bl E 48R 45 1
AT T2 - 3F %2 ( Engineering Critical Assessment,
ECA) J& B 2 il i 2R 1T

KEFELEM ECA PP 56T« & TR JE ) Xt
BB 25 BT A3 B, © ST A 0T R b o A 355 9 [ 5 B
FAZEF SE B DE B AR UE (RO) R Tl 25 b 5 e
PIAE 785 (SINTAP) | 36 [ 471 24 23R (APT 579)
e [EFRAE BSI PD6493 & M IR—BS 7910 4 J& 4514
HR IR 0 ST E ik R AR BS 7910 4R T
R6 Fll SINTAP AIBF 5% AR, #2742 4% COD ( Crack
Opening Displacement , G S T il 2
IABTE B 55 2 R iF 2 J7 ik, COD it i 2R kAN T
FURPRMERE  RSH R (S B PR s AR T R 7 T
FESLPRAp N SR, AL BS 7910-2013 &
% EEXT 2219 FR A A BRIV T B bk EE A
DA TP REAEAE I R IRBRIG | 255 75 IR AR PRI 24 )
P90 55 v R e AR | ARl A28 2 KT YA 1 S B
TS ARG T A6 B SR LE AR R 2R A K
()1 5 28 15 A LU AR R, i — 255 e Bt 2 B LU R B e
bRy e B BA 2R, X4 R T I AR KR 4k E
1TT ECA VERE , 0 2219 FR-G 4 T PI BE 422 45145 4 B 4
IR TS %
1 ECAFEFZE

TARIGFAIEE R AR (ECA) E38 0 FHWT 2L 124 1y
HIE , TS REG FER ST ki KR 2 A
(T4 T o0 ] SR FH SR M W 24 24 B SR 40T, H
M7k COD it gk, COD it il 22— Fh i
AR I 2051, TR b AT DL R T B 2 i 7 =0tk
BaEA TP . Bl BRE R A Oas | 423k i A RIOR 2R
Tt & A RO Sk A & AR I S i mT e St R B e
AEPRPERE IR | DR G TG B LR 5 2 R s A M 2L 5 v AT
Ji Bl o A A B
1.1 COD it

COD 31l 26 SR FH 3 2 78 7 26 o DU g 2 %0
P K BRI RS AR R W R 1 1 S i, A5 BB Ak
BT & /N TR BRAE 8. (R L e bt
3, ARSI ), B 6<8,. , Wi g Xof 24
FRYFE MR/ | 2 W A fE e

1E COD ENAY LR [ A.A. WELLS! " R 541 57
T COD Wit e, coD Wit &y 75
BRBALSHE T B N RBOR IO @ =6/2mas, GO HE
HWNE e/ Z AR FR, B 1 N Wells 25 HH 9 COD
Wi, X RN .

2
= Z<i
5 |l e,
£ («9 s 1)
8}, 8),

FHIM BT Z,  http://www.yhclgy.com 2019 4F 52 H

(1)

2Ta &,

A, o AIERRGIGT (FBERSUGHRKIE) ;0
RS e HIERMAE & =R o,/ E R o, FHHLEE LAl
FEAFSR 0.29% 0 BUAFBHEHEE B | E AP

2.0

0.8

0.4

0.0
0.0 0.4 0.8 1.2 1.6 2.0

1 coD it
Fig.1 COD design curves
— RN H RS R BTN R AN R,
Bl e/e <1 H e=R/E,i=C(1) AIH I FL2LROT Y
HE AN
O ES,
‘" 2me, (e/¢,)” - 27R ,, (R/R ) *
1.2 SEEER
XF T AR S5 4, B SR FE RO Ak
Sk A R8O 3 IR (A AT ) L A A AR S5 R L
2 e SR 4R T T W R S R A S IR B e
EX &y 010 27 NP P L AT | 27 N R DN K 3
AT SO RSE % p YY) T ST VR 1 27
P KRR TE R WOREAR,, A KN 20
RS, IR 2 fR, AR J1 R ERTE
F Sk KA v IR B e LR BORE

] [1_RJ.W 3

(2)

K2 RSk
Fig.2 Welded joint simplification
2219 RGBS PL AR RS BT ) R Hilm 5
HOKE o BRI 3 s, B2 IX O 451 2 42
DX, v IR SBR[ 2X(3) | 5 S IR P IR SRR
[(2) JHZET A B PSR, (R 7PHI A 5B A
FIRL) o T [ RN ER G G PR BE SRR 454, A (B
ST EAZARTE WS, A B BEXTN R R EHS W
SR W (4)  BE W HER, R /N, R, R, 24 R<
— 67 —



R, 5% R>R, W45 FE 18 2 30 5% v A T Jee IR H) 40 455 o1 L R
<R<R, I 4545 1) 3 50037 s s P W S 4 o, B =
(2) 530(3) 152G A 2B 18 IMEAE A~
SER G A REBLRT

mWR® — wWR ,,R* + ES.R,," =0 (4)

AR DB I 0

Wideciizzreieiciiediacceiisiis s -

0 g R R

1 2 p0.2

R
B3 R5afRR
Fig.3 Relationship between R and a

1.3 IR RYRTSRERER T

COD it i £ v g i it Al A 0 )l 57 SR
RAT a BR800 P L, M 52 PRt i v iy ke 22
R RBCE L, WK 4, TEEPRE BS 7910
] NG A A S N7 £ 34 N S E S ]
RO R AR,

)

2c

-

FBRL RINALL
20-RBKE, a-BBRE, 1-55H)5E S
K4 EEAGGREHEL
Fig.4 Through crack and surface crack!"’

Y A
7 C/.- (o
V) L
f 1
<ol f /

P i/ ,g = a/2c=0.5
o a/2c=0.4
A/ - 0/20-03
/ - /2c=0.2
- /2:=0.1

== /2¢=0
0.01 v, ‘/ LTI

0.001 0.01 0.1 1 10

alt

5 FHEREYUTHRIMAGT LR

Fig.5 Relationship between through crack size and surface crack size

AL ERIBE IR ¢ B O T e A B O [ R
K (ar2e) BIITER B3R AT DL F B REKE o %
AN FRE o FHCEE 20 BERTIASL,

2 2219 SRE SHHEERELE ECA TE
21 HESHHHE

TEHEAT ECA Vg Z Al i i U5 (1) 7 VA 2
SERIITERES AL, AUHE AR U BIAE R R, BUHLSR
Jics R, DL I 24 20 2 vy 5k 6L F% 8 ( Crack Tip Opening
Displacement, CTOD) ,,

I AT AR 6 mm R 2219 54 4 A,
PPRER IR R B Bk Sk R AR 24 mm, #R
FEAAHN 6 mm, K 5.8 mm, fif £ K55 3 N 800 1/
min , 77 HEH 4 220 mm/min, JEPEL AR A 20 MRS
PALBURZE Ty T6

PP BRI AR A R 5 AR R B 4 2 1K K
FEZ X (NZ) AL FE W) X ( TMAZ ) | #8452 ) [X
(HAZ) GlJEF2m X (SAZ) FIEEF X (BM) , 4l 6
7R IX 5 AN T et RE A ZUE & AR, AR
I PERETEAR A —2, TEFEEEIIR T AR 4T
] Sk (914 Jy [ DC e [ 3L, 4402 KRR — i
HEA—A™ [BHAG , SREE PN ) A PR AF AR 25 5

itk

Bl 6 k4% XI CTOD LR HURE( &
Fig.6  Sampling location of CTOD samples

in different welded joint zones

i 3 A PR IR 2219 404 4 P Pl B 5
PSR IEAZ X YN Tm) 42 S R 1 42 Sk BB Y T I i
R, BURIHRE R, . id CTOD I 2219 #if
SR EE AR S A X B A CTOD fH 8, , HH T SAZ
H TG NZ TMAZ HAZ, A5 HF B NZ  TMAZ  HAZ . BM
PO X3 4T CTOD Wik, Forp TMAZ 5 HAZ 7ETT
HE AN [ 43 50356, NZ TMAZ FIl HAZ 1E29\ f
PR ) 3 S, Gk e A 1) 4 S R UL 7, CTOD
IRFEBUREAL B AN 6 TR B 2R TR, iR 4 il g6 28
B MSCHR[ 13 ], CTOD 156 J5 2 LK 8.

2219 85 B EE R S Sk b A e 45 2R L 3R
1,IE 5 CTOD M 8 TR L LW 2,

FHMETZ hitp://www.yhelgy.com 2019 4E 45 2 3



//

B7 Ghran ks R

Fig.7 Longitudinal and transverse joint

K8 CTOD {4
Fig.8 CTOD test principle

R1 219 BAEHRFEZFREIRMEESH
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Tab.3 Critical crack sizes of launch vehicle

tank in different stress level
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