== i

IR B R, IR, FEF OAER
26010050.
SHI Jiaai, XU Kekun, LI Dechong, et al. Stress relaxation aging behavior of AA2219 subjected to large pre-strain at room
temperature[J]. Aeronautical Manufacturing Technology, 2026, 69(18): 26010050.

AERFME 2219 85 & AR A AT B3
TR

AEE R TES,TXE, B
(1. K#&E® T X5, Kif 116024,
2. L FALE AT, AL 100083)

[(FEE] 2219484647 2 B TH AT ALK R L6 KA AR M4, A it S M0 930040 5%, 4 B ) A o] 38 T 3t 2
1 AR e Rva B T — M EWAEA T RRAZRRTBEHTEN B AN T EELE, AR B Ak
B RGEF2 AT T WA 22194842 AR E FRFAS T fodnds B 7 K-F T 0 AT HATH, G, FRET REHR
AT 22194564209 R D AR ZOR I, S5 TR T AN AP AR AT T BiREANRE ., AR
K, E T BT T AIG K RAHE R RT3, B A dik R 2 E38 K, 5 B S04 B A K-F 4 120 MPa, £ i%
FRRL B A 8% B, AR T B A AN Fl B 2B A2 0 R IR 58 B AR IR A0 A2 3% 45 4 353 MPa #2458 MPa, RJg,#H4T
T ARENGRIEEH T 69 b 07 5 A AR AT 20K 5, 51T T RERIE S T 2219426448 B A AR b i 2 it A2 WP 689 R IR PR
MAEAAR, FFRRI, AT RIS T 638 K AL A 20 B 2) & K @I AT, A7 46 5 F KT 5 R R 5% 0% T it A2
PR R, &G, MR E RS A R F BT ] T 24T T R A AN B R 4L 2 69 2219 4564 1 & T EBSD A=
TEM AL LR IEAF 5 o A I, LI ARG 3RACAR T & oA 3R AL ) B U] 4545 5 09 e TARACAR R A% 45 5
ARG BRE, AENERERABLE T dERXSESERBENRAHm, AR T KERBTEE T 2219454
B B A ANFEET AT A, AW A T BT RIR AR T Aol B A A B R A 23X — T R R340 X 09 22845 5
KER: 22194864 RIBTE K ; B AR A F AR LR AR

FESZES: V26;TG166 MEAPRERD: A DOI: 10.16080/j.issn1671-833x.26010050

TR T 2219 #5624 12 Ty AN 7 B ZEAT A BT AL [T]. A )2 H K, 2026, 69(18):

2219 B A 4 S — Fh gL U P4 h B
AsRAb RS 4 R T Al-Cu 54,

SRR LA b R R, A SO Y —
2219 A & 4 B ) T4 4%

AfEE
HiRE, ARAMAESEENY
2%/

74 Wi BEEAR - 20264E 5569 5 1810]

FRAT RAFRYIFHENERE (R I fr A
AR ) 2 PEREE Y, D)z R
FH 7T 4 3 A 2 AR 4 B R R B
ZERAPE, AR TR A HL A B
SRR SN =S CLIINRIPN
HIBARIZ A A6 Y S Jm 2 ik il
PR 5y 51 AN BER 1 [l 5 T2 1 5%
RN, A2 BRI R RS
TR R BCMERE AR, ib 2R A 1
5 S Iy PERE AT HEET .

2, R G E A 3 Ak B R K
J5 L AEW S N T SRRSO , SRS TE
PR EL P EA T IV S A T kA B[] ik
S BBRAR IV T )T 53R R 58 A A
AR, I ELAS SR AR T F AR AN AT (o]
SRR | T & A P
[l A, 4 e LA A

2 i T 7 S B M N 7 s sl s
AT EENRZ —. Hid %
BV, /T LU G &I AEZ

ia B 2026-04-03; IR & HHA: 2026-05-05; A HHA: 2026-06-28

BIEEE: 205,

[ R e S O e S 1 R B e o [ ) ) 3 R NS



Advanced Forming of Lightweight Alloys ﬁﬁﬁﬁ%i&ﬁi%

Sl A5, 5 7505 A 07 AR S AR A
VT3 RN Sy R st Y, Zheng!™ |
Cai"V I Lil"™ 55 N BE, a3 K =
T TN AR AT AR R N IR Bt R iE
TG R JyAs s, SR, X LEAFSY
Z ISR A 2 NIRRT BUIE T2,
o H 58 R IR AR T 5 B A N 1 TE BR
FIFAEBE T 25, FT s | A B 2 i T AR
AHXT 5 /0N, HB (8 % N R At 10%,
WC BT 4 P 7 68 %86 88 v oA T8 3] A
PRAS AR T AR 3 i o 2 30 T AR
MG RATS AT R A3 i B, ANfig
B3 R IR AR T 8 (R R E T
2V BE AR PR I A a2k Ak P
R IR 2 ROA LA AR O 46
B X A B Tl AR SO AT R
RPN AZ AW 25 2219480 B 4 1%
FROUL IS 77 s it Bk 50 AT SR 1 AT T B
I8 B, HEAT T AR I 10 AR
FRILR R ST W2 2219806 4
B 5€ 4 07 74 st A R 06, AR A T
NG e S E N AR N I ES
SEM S RO RS A e =R D
EVERE . KA AT T ORHAE 4
PF B T 7 A b B A5
9% T S IR TR A R Ui 17 ) 2K SF %
2219 58 4 AE I 7 RS sth s 8 A v
FY Jekd Al i 5 Vi AR o R ) 5 e AR
e, AT T A AR 56 4 1 AN s R
Bf KR 59 2219 55 A 4 19 EBSD Al
TEM SO ZH 40U 5, 434 1 A [a) ik
5 25 B 3B X AR 2H 2 1) 5%
Mo KL LA K AT RE 1) 32 i AR ML

1 EMEESAE
1.1 iXBEH
R R K 45 mmJER O &
221988 B E bt , Ho Ol ink 1
BRI, 2219 5 4 R F1 0 s s R
BRI T 0 FH B 30 AR B i 25 4L
7 T YT, RS RAn & 1 s
FERAREE B B A 50 mm, DLBC &
IS TR R L [ ek
WA 2219 88 G4 W = b T
PRI F-I0 A8 fh e an 81 2 it o AR 4

TR )-8 p 2R T 245 T LA
B WE 22198 SR T IE
HRHEEE 41 97.18 MPa, 1t FRYLH R EE
299.84 MPa, W2 %4 22.34%,
1.2 AR

X 06 A R ) YL E — B (] il £ 4
B3R Xl RE R T 535 °C/
40 min ) [& % AL B R kS
2219 844 v DT TE M 78 00 v i 3]
SR B 58 S IR R = R
DAAR A 34957 B 3 1 R 5 AR L 4
TR 5 I [ 15 AL BR S | 8 ad 2

JTRER B AL A Bt 75 =
IR LL0.001 s 4 T2 1 AR R Xt
HAE AT, pl e B A R
AR TE o feJa B FEAE 175 °CHY
B 50T BE T LA 0.001/s fit TR I 725
FINEE 2= A kg p K JE AN
[ 8 56 2% 12 AR st S5t ) T 49 102 3 A%
SRR . AR SCRA W ARLA =
TR A TE B0 R IR A, LI A 4
SFRERLE Y T3 B BAETE—E
S0, AL R A 357 el 3 o R A
SRR R . 2219 84 4 il

R1 2V9EEEXUERS (RESH)™

Table 1 Nominal chemical composition of AA2219 alloy (mass fraction)! %
Cu Mn Fe Si Zn Mg Zr Ti A% Al
58~6802~04 <03 | <02 | <0.1  <0.02  0.1~0.25 0.02~0.1/0.05~0.15 4=
206
50
18 50
4.5 R1.6pum
1 TS oAl
A O 2@
& R 1.6
% lex1l
&
N
BE1  RAMSEEEERL A 22198 & £ iR R TR K (mm)
Fig.1 Shape and dimensions of AA2219 specimens for stress relaxation aging tests (mm)
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Stress Relaxation Aging Behavior of AA2219 Subjected to Large Pre-Strain

at Room Temperature

SHI Jiaai', XU Kekun', LI Dechong', YU Aiqi’, ZHENG Kailun'
(1. Dalian University of Technology, Dalian 116024, China;
2. Beijing Mechanical and Electrical Research Institute, Beijing 100083, China)

[ABSTRACT]

AA2219 is widely used in the manufacture of monolithic structural components for aerospace equipment.

To avoid the adverse effect of residual stress and springback on their service performances, a process route including

hydroforming under W-temper and in-die stress relaxation aging treatment is proposed. Aiming at the in-die stress

relaxation aging process, the stress relaxation aging behavior of W-temper AA2219 under various room temperature pre-

strains and initial stress levels is investigated. Firstly, the complete stress relaxation aging experiments under various

conditions for AA2219 were carried out, and room temperature tensile tests were conducted on fully stress relaxation aged

specimens. The results show that the stress relaxation rate increases obviously with the growth of room temperature pre-

strain or initial stress level. When the initial stress level is 120 MPa and room temperature pre-strain is 8%, the yield

strength and ultimate tensile strength of the alloy after complete stress relaxation aging are 353 MPa and 458 MPa,
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respectively. Then, interrupted stress relaxation aging experiments under different conditions were carried out to obtain the
evolution of yield strength of AA2219 during stress relaxation aging process. The results show that peak aging time is
greatly advanced with the increase of room temperature pre-strain, while the initial stress level has an insignificant effect
on the evolution of yield strength. Finally, EBSD and TEM microstructural characterization tests were performed on stress
relaxation aged AA2219 specimens under various conditions and aging durations. The results show that precipitation
strengthening serves as the primary strengthening mechanism of the alloy, and dislocation work hardening also enhances
alloy strength. Their synergistic effect counteracts the adverse impact of grain coarsening on mechanical properties. This
paper investigates the stress relaxation aging behavior of AA2219 under large room temperature pre-strain, which can
provide theoretical guidance for the integrated process route of W-temper hydroforming and in-die stress relaxation aging
treatment.

Keywords: AA2219; Room temperature pre-strain; Stress relaxation aging; Mechanical properties; Precipitates
(Tt X %)
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