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JER d 30 mm FJEIHE, HEREREN 723 K, HEHR
15:1; (ELVIFINL R BRI d 30 mmX20 mm
KINER:, BT AR E R BB 4 4 18
DGR A PR R 45 IR K, Hil & A &2, Pus
AWEEEABREEWE PR, PulA g
iR K TESHNE 2 s, Fg iR kIR 763
K, RAPGEM#HTT =, IHGEE N 623 K/min, iR
30 min Ji5 254 B AT N IR PREA . Pl
M LZESHWNE 2 Fidl.

xSRBS SR
Table 1  Compositions of experimental sample (mass

fraction, %)

Cu Mg Mn Si Fe Al
4.51 1.46 0.56 <0.05 <0.05 Bal.
2 REAMLZESH

Table 2 Technological parameter of rapid cold punching

Punch Diameter/mm  Velocity/(mm-s ")
1 pass 10 30
2 pass 14 25
3 pass 20 20
4 pass 27 15

E 2415 f R B _E e U REAT O AL SO AN )
VERE T SR Titan G2 60-300 ALiE 5 LA (TEM)
FIFIFH Helios Nanolab 600i B! 454 H1 5 (SEM) T HL ¥
T HUH S BOR(EBSD) 70 it RE RO SOM S5 48], 3225 1
PR NI U0k 25 80 pm 70 47 J 34EAT 0Uss FiLfi,  FL
RO TR+ BE (AL 1:3), RFEIRT 248 K

EBSD R LRI, FARRI R N 10% 5
F5+90% /K LEE(AF 50, POk 20 V, HLIR 1.0
A, YOG 30, HFEACT 248 K; EBSD i 555
HHEKF TSL OIM BAFHEAT /e A FIARER, s i
20 kV, fHEE70°, HPK 0.05 um. fEIEGTHE L
HEHATREE /3 HT(EDS), 7E Instron 3369 FifdiH] E k471K
FER S IR PR BRI, BN 1.0 mm/min.

2 SLIGLER

2.1 SRRIALRTT

3 B AN FTE PGSR A Al-Cu-Mg &4
g5 R KR G RITE S TEM 4. HIE 3 WL, &
BIREIRIIIE 2, AR EAWE N, FamfEs
FRER K, SRR ST ORI, SR SR 5],

PR A S AEL 763 K fRIE 30 min 45 iRk, K
A TR A SO 3(a). REEL 1 B R BGEA v
JE TS Rk, ISR R D E A X, P
AR LR IO, (BN e A T4 b, KA
BRI Z (LA 3(b)). ML 2~3 EIRPLEA 5 7
ghEAIROK, RIET EAeTY A, AT, B
R TGS fh fmobL, T4 iR A Ak i,
)RR SE /T 100 nm(ILE] 3(c)F(d)). RFFE 4 18
IRPRGE A I 5 T4 R K, S8 A T 4 i AL 23T 355,
FR&h Sh SR E E RS HNT, 5ET 3 R
WA LLER, SR RSTHE— 0 4itk, P8 sk R~/
T 50 nm; H TP TERR NG K. NAR RS &,
PR A P AR T 7= A= (1 v 7 B 5 AT A ) 3 X 3 A7 AE
(WL 3(e))-

=

(a) (b)

1 HRER A AR A

(©)

(d) (e)

Fig. 1 Sketch maps of rapid cold punching process (1—Sample; 2—Drawing die; 3—Punch): (a) As-extruded; (b) 1 pass; (c) 2

pass; (d) 3 pass; (e) 4 pass
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Fig. 2

recrystallization annealing

Technological map of rapid cold punching and

22 HHEET

4 PR AN [FTE PR A Al-Cu-Mg & 41t
FERIHT HAHTESE TEM 18, 1B RS Al-Cu-Mg &4
K ARAT HAH PR X380 AT EDS 208, Wil 5 B .
mE 4 B s T, AEMEENBMEN S H
(ALCuMg), HIT¥IN T —& & Mn, &r] DAEE
KAORI AleMn A B ZTLERIIIEZ, WAL
AW, AT AR EEARBOE S RSEARETRAN,
TR M. AFESEEBREE R, WEE
fn ST Mn i3 1 AlMn AHITERZAK KR, &4
FRE SR BRI AlMn AHFT S FH(LIE 4(a)).
AUFEE 1 ERPGEA S, BT A RSE B 2k,
HEAMNEZ, JUHE AlMn AR, 2KIFPR
(LK 4(b)). HAFEZR 2~3 ERPUEA MG, AlMn

B3 PR T Al-Cu-Mg & £l fE
AL T35
Fig. 3 Grain morphologies of

Al-Cu-Mg alloy samples at different
passes: (a) As-extruded; (b) 1 pass;
(c) 2 pass; (d) 3 pass; (e) 4 pass



2530 555 10

WS, e PRIEA I RS SR O AL-Cu-Mg & G0N AL RN ) 2 B 2309

S A RSF#E—BwN, HEi— %, A
A Bk T35 KR AlgMn FAS B>, BRIR
AlgMn I EIEZ (WLE 4(c). (d). S5HT 3 EXRA M
WFEAH LLEL, 2 4 18 PR i 3 URE 75 78 38 R4
A BEIE MR BT AH,  RILGOK T H AR 515K
WA RS AR, AT A RST R SR B AR — B (AL
4(e)).

4 REPRET Al-Cu-Mg &&ikkE
FIAT HHAH AR AIE

Fig. 4 Characteristic of precipitated
phase in Al-Cu-Mg alloy samples at
different passes: (a) As-extruded; (b) 1

pass; (c) 2 pass; (d) 3 pass; (e) 4 pass

2.3 N1FMERE

6 TR AN FTE BRGE VS i Al-Cu-Mg & 41
PRI AR R I 2. tIEl 6 FT L, BEEARTE
EIXIIIE 2, Al-Cu-Mg & & BURE AR PR LA 552 32 2 2%
S, MRFRLIEETE. PHES A SRR .
ERPEELT, W PR PUh o AN 3R 2 355 MPa Al
153%, £ 1 ERPEAR I RE, &l FErRIHRR
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B 5 #EA Al-Cu-Mg & 447 Hik EDS i
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? .

200 m)

Fig.5 EDS maps of precipitated phase in as-extruded Al-Cu-Mg alloy: (a) Al; (b) Mn; (c) Cu; (d) Mg
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Fig. 6 Mechanical property of Al-Cu-Mg alloy samples at

different passes

£ A (el I e i =T S (ISP <15 R4 o A4 RS e
JE RO 2245 ) 389 MPa Fl 12.1%; RXFETE 2~4 i
WRPE A AR R b, AR PR PURL o FE A K R AN

Witem, £ 4 T8RP A AR T AR RE (A% FR AR 5
AUHK R 43 H 578 MPa f1 17.5%, 5 1 EIR P A
MG SR LU, WRPRPTR R LRGN 48.5%, fifi&
TN 44.6%.

3 SRS

3.1 RIFES AL RIR AT AR RO #2010
Al-Cu-Mg RAEMBIETFF—ME: GP X—
S'(AL,CuMg)—S(AL,CuMg), GP [X & HE7E {110} 1
Ef Cu B Mg SR AR E 7(a)), X T
DAETFLAE AR FOMLE S & 4, TERU R IE R B NS
FARILHR A ST AR 7(b)), AEARIRSEAE T F I
AR T A S HUY, SPETAR 2 BRCROLE 7(c))-
SR, Al-Cu-Mg & 4 M AT
P 3145 Al B AR T OB T R RS G
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B 7 PREA AL IR KO R Al-Cu-Mg & &l
GP [X. S’ A1 S HIFIATESL

Fig.7 GP zones(a), S'(b) and S(c) phases morphologies of
Al-Cu-Mg alloy samples at rapid cool punching and

recrystallization annealing

N AL FE AR Y R oA T 7 AR R R N ST, UL
FeoRid M — R A A NG FE AN RE T BR AT 7 2E

Ky e 7y, ELacREE Ak, AT I L S e il
BARA AR o ARG FE T W B PR e [ SR
Kl &4 dh Al-Cu-Mg & hrh, R ZERIEE
e PR IR DA S DR AN v A R 75
Kifil# Al-Cu-Mg &&2if, HiERLIEXKIIEM,
BT AR 8 BEANTIE R R 2 (L 4), BLAE
PR AT DLW BRI S LK 7), X U2
PRI RE P ) 2 v I R AN A E M RIS
BUREAE PRI 74 P A A2 R R R, SR T
5], R A NGRS (LI 3). b Tk
BY, Jg R SR I B ) R R R A B AR
PRI PPARTY e i 5 AR K D26 AT AR S
P4 AR LA F (4SR50 Pty e (2 35 4R AR
REARSE L, BTG AL O 2 B R R, 8™
BB AL 2 A B g b, 10 87 A — AL SeAE AL R A
A%, DU rf oI N e o AL 4 S SR (It 7 AT 2K
WITEAZALE, MITTAE S"AR AT A% K H Bl PR v i T
RSt 1 AR, IR EVA AT AL
JE FRE R KL R, A AT S R A AR AR S
PREAHFEN, P45 SRR T W i .

32 RIEAMABERE A SRALAOHM
AT, Y N I (9 % R
ST, AT HOATURL R AT SL T 5
GERRRICK, WIEERL . BRI,
e 4 45 K T 20 (R T WA R
Al-Cu-Mg -G HUBHE R, SLEAIIL T RBERI 2 6
A ETEEA: B, RIS
L BB RL R K72k, 5 A T P A
R, R ARIRL, S 4 i KL R
TES R 2 DS TE 25 A 1 7t ATE LT 45 8 ke
17, WARTEG SR IR RN H 41 5 P 25 8 b
MBI, Hk, FIERERRT Dy SHTHIA
KRV SE fo IR 2 A AE 1 3 1 L 3%
/%3;[18—19]:
Dy=2f " (M)

H ()RR AT AR SR . BURE 12
Ny FEREE SRR, X5 A BT FU A R B
PR, TRARRMOR, e BEBOR, TR i Ae fik
fFRE, SIS IIKEN J1; R, FRATEBCR, Hr
AR 2 K R KB A 2K, TR AR R B AT R T
P RTEAZ, ITiedt & e i bR ST RAfL . %
Ja, A EETIEMA T —EEK Mn, BT Mn
A B I ity SR R B BT 5 B8 A T, S PRI v
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RN Mn 7EPCE A K P4 IR KA R T 5 T
KSR AlMn FH(ILIE 4(b)),  BHLIKHI AlgMn A fiE
3D B SR BT A A e RIS AT HA A A2 2% 1
122, MRt 4 d it R A8

3.3 EELHLH

H P 6 AT, XHFES Al-Cu-Mg &4l T 1
RO A S, KRR T MRS, X E
BRI TR BRI o (E il 2 R VA v A P45
B K BURBEIN, Al-Cu-Mg & G iRE IR 5 s P 1)
BRIER, SRR LT T, FEMEYIL
B2 20 5 s AL AT A SR A o

Al-Cu-Mg & il AR PRI ¥ M T 45 R K )
TEHEERT, S RE N EESHL S, B
BT3B R K A P A 2RI S 2R R R (L
8(c)), SHIEARMEMILE, AL, & 438

)(2)

!

e

v :
B8 2 1 XYL IR K G Al-Cu-Mg 5417 EBSD 14 & it i ] 4347 14

Relative frequency

Relative frequency

AR TEANR K S5 P2 dinkis R 2978 50 nm(I B 3(a)),
R4 Hall-Petch 23, 108 B E e R Al-Cu-Mg &
SRR . CHPIFCRIECY, Sknka, &5
FUBKR, PR ¥ i A2 v BRAS A7 £ i s AL B 2
RrEs bl 5 3R 5, &R sai & rIEH: [FR,
HRH RS &2 IR, S AR
JS ARG AN, Y50 TSRS deohL [ H OB AR & A
LAIROPS

H=Dexp(—¢) (2)

1 =(2) AT A1 JE A6 SRR ST Do i/, AR & B,
B H RN o ARTRIE A G B AR PR [
M, RIS TN HBU ST, SR A ok N
A IRVEAR T T K B AN AR /A FE A (L] 8(a)
(b)), 1E 545 &R JOLFE O A LT 40 B K A B2 il 5t
PR B (L 8(c), (d)); [EN, RIGH &

035F b)

0.30 1

0.05
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Misorientation
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0.03F

0.02

0.01}

40
Misorientation
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Fig. 8 EBSD micrographs((a), (c)) and grain orientation distribution diagrams((b), (d)) of Al-Cu-Mg alloy at different conditions:

(a), (b) 1 pass rapid cool punching; (c), (d) Recrystallization annealing
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PRI PR AR AT RE T, 2 K R AR 2 )
A, IR HIAR S5 K BT 4 AR R A T R o — A
RRER KA, FEFES IR JOERE TR 4
Bt WAL A I A, NI il doke,
KEFIR, R EE eI

W Rm, Al-Cu-Mg A& MR EBA, H
AR EARERN, R R U T B R AR R,
Br A EARE N, HEE S R EOR, T LA AS A4
IBENIRE R, PR AR E . AR S &
ALVSURESLI NP S X (o PR S & R
TR BERE HLIRE G 1 S AL 7(c)), BRIt & 4
R T, A ToiETId S A, R S A2 18
AL /N T A A geid, R A S ag PR v o 255
PR AR R Al-Cu-Mg &4 FE IR ALH] 2

o

4 g

1) P& ph R4 IR KA S ST R E IR
Al-Cu-Mg & & 25 1 EiR PP TERE, £ 4 8RR
MG A G IR BR BTz 58 P AR R 5) 5IIE 578 MPa il
17.5%, 5 1 EIRPGEA A SR, R R$T
PR R = 48.5%, K IR 44.6%.

2) PUEA I Al-Cu-Mg & 4 1) 32 BRI ML 2
T A AL FIAT HE BERAL,  PDRISA R 51N R BB L i
AU B2 SR, BRI T SRS S %
H5KK, TR PK A LR RET) S A1

3) Al-Cu-Mg A & 7E PR I K P45 iR KO 2
AT AR R B DA S MOV, B D RECHT
AlgMn H, BEEALTEERAISEI0, By HAH 002 FE AN Wy
R ReTRE N
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Effect of fast cold punching and recrystallization annealing on
microstructure and mechanical properties of Al-Cu-Mg alloy

HU Ze-yi', FAN Cai-he', LIU Wen-liang', YANG Jian-jun', OU Ling', CHEN Xi-hong’

(1. School of Metallurgical and Material Engineering, Hunan University of Technology, Zhuzhou 412007, China;
2. CRRC Zhuzhou Electric Locomotive Co., Ltd., Zhuzhou 412007, China)

Abstract: The effect of rapid cold punching and recrystallization annealing on the microstructure and mechanical
properties of Al-Cu-Mg alloy with fine grain produced by spray forming process was studied by the analysis methods,
such as scanning electron microscopy (SEM), transmission electron microscopy (TEM), electron back scatter
diffraction(EBSD), energy disperse spectroscopy (EDS) and the tensile test. The results indicate that S phase as the
equilibrium phase is precipitated in the Al-Cu-Mg alloy matrix in the process of the rapid cold punching and the
recrystallization annealing, and a small amount of coarse phase Al6Mn is also precipitated at the same time. The density
of the precipitated phase becomes larger and the particle size becomes smaller with increasing of the passes number. The
crystal defects made in the process of the rapid cold stamping are useful for the alloy phase ex-solution, and also benefit
for the nucleation and growth of the S phase, which is effective to obtain the refined grain, the homogeneous
nanocrystalline structure, and uniformly distributed S phase. The main strength mechanism of the Al-Cu-Mg alloy
prepared by rapid cold punching is fine grain strengthening and precipitation strengthening. Ultimate tensile strength and
elongation of the alloy after 4 passes are 578 MPa and 17.5%, respectively. And the ultimate tensile strength and
elongation of the alloy with 4 passes are increased by 48.5% and 44.6% compared with the alloy with 1 pass.
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