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Abstract

The effect of cold-deformation about 2219 aluminum alloy ring rolled pieces was investigated by
Vicker hardness TEM, SEM, and mechanical testing. Study shows that hardness and time of
peak-aging gradually increase following the adding of cold-deformation. Yield strength or tensile
strength increases firstly and then maintains as the cold-deformation adding. At deformation 3%,
it has best properties with the tensile strength: 426.52 MPa (axial direction), 436.62 MPa (tangent
direction) and 445.67 MPa (radial direction), and yield strength: 323.88 MPa (axial direction),
334.35 MPa (tangent direction), 336.72 MPa (radial direction). The elongation will decrease along
with the cold-deformation adding, which is particularly significant along tangent direction. As
cold-defor- mation increases, precipitation of alloy becomes longer and wider, the mechanism of
dislocation changes to Orowan from the cross precipitation. In general, forge pieces have best prop-
erties at 3% deformation.
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i) 2219 A& MR MR R EERPCE T Z, A BREK, AT, =02 BmE
S ONHIERR IR BORST IR, ROZE S 2 AHUUEC A A 2R T 23]

VR 23 DIOPE A RF 7T T A AR TEREBERT 2xxx A &= BRI o 35T A S5 416 T W AR A BT A0 2 WA I 202
BT, 38 SRR A A TR (LIS T T%) 1§73 Al-Cu-Mg = Te& eItk i oM. Q AR AEE R, &
RN, RIS NTRH, (ERFFERTEREE — UM T, TERVAEKATIIN 2% R AR 7
ATEEFHE I ERE . S. K. Ghosh 5 A [6]HFF 7t T ¥ A2 TE X Al-Cu-Si-Mg & 4 B RBi 5% 5 0% B 1 54,
TR AR T AT LUAE 0'AF (R HT HIR R PG Y 82°C .« Yang You-liang [710F 78 1 TRAS T 2219 B (6% AR I 2%
RIS, RIS T TR T (AR A 75 3 FE A e A 2 B #0 K eIt
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2. SChy
2.1 Schust

SR JEAT RS HE0E 2219 M4 B0, BN AIATRE R 45.5 mm JEE R LE R L 1
2.2. SRWFHE

FELIG SRR 2 FoR, SINARTERIE 9 EVE SR 3 h LA, FH CAREE 2219 FRBAF R AE F AR
B2 SR B IR R 7 2, AR TR B T At I AE Sl i) b (8 IR 46 A8 TP AT T D0 ) (R R AR AR T
BUHUIRFE R, BUAE (90 x 45 x 100 mm), AZTEFERE(0%. 1%. 3%. 5%).

2.3. #ilFR

K F HBRUV-187.5 HUAi % 4 e 24 A 5 V1WA it 4 [QAREFE , #fni 9 20 KN BFMFF AR 22 /0 =K,
HCFME. RAZEE Instron 3369 7722 B LI T R 77 2=t RE IR,  FLFIE 20 2 mm/min. i
FHIWT CI7E sirion200 PG4 HL 7 A T LSS . & ) r B v AR R FE IR 0.08 mm, 7E MTP—1 XU
PRI TS XU R . AL, RN V(RSER): V(T BE) = 3.7, IS HIE-25"CLA R, HEHN 15~20 V,
LI AN 60~80 mA. 7 JEM-2100F %43 b i id b kAT 440 52,

3. &R
3.1. EEWRTENXITA

K1 8 165°CHRY, A E4EAETE 2219 456 S M it th 25, 45 R AT RE K2 2219
AR . o, TER RO &S nIMEE R BT, AT 0%I8 I 5%, & 4B RCp1
(4 N)IBERE N 115 HV AR IKIRFH A 134 HV . Hik, A i BN AE I 28037 75 BF RIS, 4302+ 28 h, 24 h,
16 h, 12 h, WAEHREEE 751 134 HV. 136 HV. 137 HV. 145 HV, XFRNASFEREEEMICA 0% 1% 3%-
5%. FHILT] LA A8 5 SR R} R A A i

3.2. AERRAF MR

MR K S T I AN [ s 208 ANz F ¥4 238 FE (R BB A, 76 165°C 2R IR I A B2 S5 10047 S IR 4 THPE B
5 RN BEAR ORI 2R R SRR I R, NN = A7 m (Gl e, V0], AR ) 2R G VPN
WI12ERe, CAONARAERR 2000 ] 2 B B0 -

] 2 W R AR Bl ) IR T A IR EE A AR T, TR AR TE 0%, B =AJr . V1. 2) Kt
Fr5m 5> AN 424 MPa. 392 MPa. 407 MPa, Ji Il FR v 280 MPa. 254 MPa. 281 MPa, ZE{Hi% K 11.4%,
22.4%, 10.5%, AR SHF AT 1% N2 3%, 00, BEIGM, o, FEL A
Vi) B8, Ahi A 5] 2(0) g0, HISGEAK Y, Hlila) 31, 12 MPa: V)i 46, 34 MPa; 4214
31, 24 MPa. [ 2(c)" op FIE RN #li7 0, 2 MPa; [ 30, 14 MPa; 4201 21, 17 MPa. 4k&:42m748
LR 5%, B RGRIIIE IR ARG A SRR R s, Ean EERRFKT 17 MPa. 18
WPk b, ASIE N 50T, FUREZEH SR RN 12.67%, HhiA) 7.2%. 121H 6.65%, 2 EFIFHEH G SE1)
T, R RS L IRAAEIR T 8%. KIt, AR N 3% PR B RE B -

Kl 3 AR TN 3%, ANEARTE T (B, E4R) 0 FRER A V) ) DR g . B R LR
t, AT EAFE SN, S R AT JE , RHE (R 2 5 2000 IR 473 TR AT RE ZE A K, 4 13.06%,
TR B AN 0, 426 MPay 09, 324 MPa. fEMMIEREH, &EHEIERm4aR, Vimhik, 5EmIEL
Ja, ARG ER G SE M. FrLL,  SOZE R ) R 46 IR AR AR T 7 K



Table 1. The chemical composition of 2219 alloy
1. 2219 AU ER DT (REDE)

Cu Mn Si Fe Mg Zr Ti \ Al

s
fein

6.32 0.27 0.05 0.14 0.02 0.13 0.05 0.1

Table 2. Parameter of TMT process of 2219 alloy
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Figure 1. Age hardening curves of 2219 alloy with different cold deformation
at 165°C (HV)
1. 165°CRIREIA TR E M T 2219 & & ATRR (L Bk (TR )
450 360
440 340r
‘S 430+ ~ 320}
QE‘? g 320
% 420 é 300k
e X
4= 410 - =
ié EX 2801
400 - =
2601
390 -
1 L L L L 1 240 1 Il L 1 L ]
0 1 2 3 4 5 0 1 2 3 4 5
B AZTE (%) BT (%)
(®) (b)



Mrizom 25

BRI (%)
()

Figure 2. Effect of cold deformation on mechanical properties of 2219 tensile specimen: (a) tensile strength, (b) yield
strength, (c) elongation
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Figure 3. Mechanical properties for 3% stretched and pressed alloy
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Figure 4. Fracture surface morphology of 2219 alloy with different cold deformation in tangent direction: (a)

0%, (b) 1%, (c) 3%, (d) 5%
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Figure 5. Fracture surface morphology of 2219 alloy with 3% cold deformation in different direction: (a) axial-
direction, (b) tangent direction, (c) radial direction
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Figure 6. TEM morphology and of 2219 ally under different cold deformation: (a) 0%, (b) 1%,
(c) 3%, (d) 5%
Bl 6. FRVATREMHT 2219 A&H TEM ALRRER: () 0%, (b) 1%, () 3%, (d)5%

Table 3. Morphology feature of precipitated-phase under different cold deformation in peak-aging

33 NERERFM TR & SIERSHT L AR

BT AR EL, f MK, Sm? B THIAR 35 = AE KA Hnm 2
0% 1.58 25.63 4% 10°
1% 2.67 226.89 1.7 x 10°
3% 5.94 279.19 2.8 x 10°
5% 16.15 730 1.0x10°

4. G5t

RAE Al-Cu & I Rt 5191 1L U AN i ¥ A — K H7% GP(1)-0"-0-0 (Al,Cu), [T K5 51
NI, R G T O HERE 5 e 28 . MAA R OB 2ok, I s At 5 AR s fe 3k
[FE S & R RO R . FORHN T2 h~8 h) 2 ) 22 R AR B 1 TR AR IR A R FE RO 22 57, GP XA 9741
FRRAG O B 2 TTRRAN R, IR RO TE BERS ) GP X s 38a% 0 £ 27 SR S LA R 132 /%, Tioh
TN )V A TAE IO A5 A8 L S S g or A s P 8, A S B e A A i [10]. ARGETEAZ B F157, s T
PN @I SO RE R, (e HEI R B B 0T S A, ARG RO RIS AT [11]

AR &4, R oSS o TRE, —ERAHEINIZshnre )=k 6t
MEERR. RAESRRL AL, B P sl R AR A 1S AR ol Rt Sk T
RS A A R

SeE b, SRR A 0%, W1l 6 (@) Bkt 0k TSP RS RN 2 25.63 nm?, RAEIE A
BRNRCFR, SRAVIEAURI[12], xR EERISRTEANK, SRR AR A 70 AT SR RIS A e A SE A



AR TGN A 19% A E 5, AT HARRL 7 RO 38K s SR8 T 5%, A7 AR S 24 RS 18 i 730 nm?,
MRS A8 R A4 2 53 R (1) Orowan ALI[10], @I BIERI RS 5 A

3V 11
AT:(_j bf 2572 @
2r
Horpre fRORHT MR G 0%, S AT A RCFmEER, HESEON SR R HE ELE
H 22 3 ML) T3 2R BHIG A VIR 38 & Ay, = 0.106k; Ary, = 0.14k: Az, = 0.148k,
Horp k 8 RRWLT, BEAEWASTERISEIN, AORHE IR LTS AAE, BUNTTIRERI AT HiAH 2 2
PRI BA R R

5. &hig

1) Bl AR T () 1 DR B P AT AR v, DR (L AT Rk, DEELAREE B BT . MBTEECA
B9, UERT R AIA 12 h, i {EIA 145 HV.

2) AT B T4 SR JE iR AR R, PRACAMRE AR 3 . R TR 3%K, FPRHEE
EEREBRAE, VIIASRE 5> 5N 436.62 MPa, 334.35 MPa, ¥1£°4 12.90%.

3) MiEL RGN, & & BT A EKKEML, HiFEREZHE B,

E&WmE

[ 5% o SR 70 1R Bh 0 H (2012CB619502, 2010CB731701); i Fd 4 F SR K2 3 4:(121J6040);
R 3 SRR 56 42(51201186); [ 5% B AKRHIF A3 13 £ i il & 151(51327902) .
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