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Heat Treatment Technology mﬂﬂﬁ*

170 -
168 | o
(o]
foBgaaa8g3ga8800000000000°" " F
o 166 |
%(
jusi
= o BB T I
o H ik il Bk
162 |
160 : ' ' I |
0 0.2 0.4 0.5 0.8 1.0
250 E] / h

E5 EMMAESEKPEBEEREIZRETH ML
Fig.5 Comparison of temperature between the conventional aging process and the electric
pulse assisted aging process

®3 HILEKHIEMR2219%7

JEIRRE o, /MPa e

BEWMIRENFIERERT

PSR oy /MPa IR S 1%

A2k st 1] /b
R CEN e HHL CEN e HHL CEN e
0 143+3 143+2 339 +3 339£4 | 221+1.1 | 221+13
8 257+4 282+3 409 + 4 423 +4 | 220+12 | 21.7+14
10 271+5 3034 415+5 24+4 | 21513 | 192+09
12 276+ 6 287 £3 421+4 416+5 | 21.0+09 | 19.1+1.6
15 284+7 — 426+6 — 194+ 1.0 —
18 283+5 — 4922+5 — 19.4+1.0 —
450 - . 130
; Pism
400 |
425
- HEAh=E
=™ S
@ Y " PO B
‘@’( 1 1 1 1 ;_N_Q
B ool i P
115
S s AT RL
250 250 ¢ H iR RL
1 1 1 1 1 1 10
8 10 12 14 16 18
A28 s ] /h

El6 AR kEREE TR AR R AT EEH N RSt
Fig.6 Comparison of the mechanical properties between the conventional aging process
and the electrical pulse assisted aging process

3 ERk{E R R AR R
R LRI F N

TE B 23 B M 165 °C 1, 2219

R 4 LR35 ( 15h0 ) AT e Jik Al

Bl i 250 10h ) 0 B 50U A9 385 S HEL 45

(TEM ) WELZE LMK 7 iR, TEM

WA I HE T ARG 7 1) R [100] 7
lo WEAbh, Axt A JeH ke fE
BB A RS For A i 25 55, 81 8 2540
TP AT AR R S 43 A A RS

A OER v €Y U N R R
B R AT AR TEM B8 F iR 43k

Blo MWE 7 Ca) W LIE Y, B R
AbEE 15h A &SR T ST T
WL HATE LA ERIRBT AR GP X/
0 BT AES AIVEEAT T [010]AL
F0O1JAL PN J7 A i & BLA
BALHL 15k J5 B AR 07 2 RS AN
TR0 )0 47.10m F1 1.8% (&
8)o K7 (b) Ny HI AL F 15h
J& B A O SUE 5, 1T LRI,
SN BT B S A A AT LR AR RN TE DT
SENT AT o TRV & AR R A B S
CINZS U =<21) 5ty NG UE7S=i¢ 1 AN e |
H}02~05pmZE P MEZ T,
FERFRL AT ok e 9 A8 1R 7
10h J5 € 35 B W {F I 5O A, AL 7
() ATLLA W 76 L kb i 39 1h £
FHAAET , 10h H, Jik i B IR p R
Bt AR SR ER, R34 5 M v -F
T T [010]AL H1 [001]AL P 4> J7 ]
XM AR LK R R 10h )5
M AR IR SE 5 8 B 3% 15h 50
A 22 5 (EUATT R A A T A 0 B
KT B2 15h AL (& 8 ),
P X — G Y R R AT R
Pk bV R 2 1 BT AR A TR A%
SEIFARMHT ARSI, B 7 (d)
25 T R i B S OB A e R A
b P ) i PO L S AR, LS
SO 55 5 5 RN TR 2550 0 s 234
M A HORH LR E B 2 5
LEAA TR AT B IGERTRL
TOULZH 2 AT LAHEIRT , H ik opoih R4 8 iy
PO AL 20 IR S sV E T L A B
TG 4 S AT AR S A%, i
XA A O 2 ) S AS 2
Af 2505 A B R AR S 4 R B 1Y)
FEFB, Hr— A0S Bk
FeX Fhom b I ARYEAHEBH T ok
TR ASTR] , B2 Ak ST IS 3
AL AL, R P R AR 5 AR BIL ] FE
O] P A A B AL O o
ST AR B R P ZEREROT
G B, WA A S R A AR A HRSE
BN, MR A 2 L0y s
Bl Bl B AR T, AR i R

2017 4555 23724 W] - i hiEECR 45



A_/ - N
——Ix o

FIRFR Y BB R, (45 A U L
TIBBEZ IR, AR KB —E
JESF R, R D)3k B i e L KK
TS S B ER 5 (A8 S
P SEIL BB AR EEAEA
P L RS 32 A T, 56 A2k
PR NG L DNITE PNMTE A
SR B S A I 0 3 B it
VAR N o AL RO

REAE VI 5 — AR A 5D g
MR AAZFR P

e [ 2T4E ) ]2 i
7T (1+v)

HAp, E FORIEMMERE; & KR
AH BT 25 5 FE R b RORALEE Y
MIRRER; TRRM LK T 0
FRTARS s £ RN 5 ZAHIR R 41
B or W 3RoR S 312, Ho
k= ((274E°&p )/ (T (140)°))"?
H G ARAE I B AL

AR LUE A DI 5 —
AH I B0 7 5 8 AR AR B S
IEADC S 2R, BIEE — AR R34
g, DA U)oL B AR BT B D
PAL Y NNR S I S SE vp
B R R o ph A 8 WTET AR HAL K
P BB T 2 W B 30U Y I AT
R AR B B i TR RN TR R
TV Y b AT AR AR R
o B LIARAE K vp ol B B % T
DA N A5 1 Jeth IR 8 B 2 v T RN
THFRCT 20 IR B o A LAl
A E N R8T 2 o ok vl Bh sk
BT NP5 B A A R A R
A8, LR AT e SR H ke 8 FL - XU
YERIWIF T 3553 A0 B0 25 I 5, —
FEFR LI/ T LA SR AL Chn T A AR )
XFBTHnm B i oIk o

Zig

i O IR A T kP E T
2219 84 4 M bp B R 56, 400l A
MO 1) P UL 285 B R BE 35 53T 1%
PE B A HOULZH 21 55 J7 1 43 B 1 ik o

46 WiEBEEA - 2017 455 23/24 1]

s

(

E7 $R&ESE MR e Bk h i B M RUEM R AR RATEM
Fig.7 TEM images after the conventional aging process

0251

0.20 [

o
o

B AR A3 A0
=
)

0.05 [

0 20 40

-

(a) (b)HHLRRL

Ll

| [ENRES

I AR
D RAEE R S N TR AT ¥
Pk 2K s 47.5nm,2.1%
HHIEL: 47.10m, 1.8%

80 100 120
Hr AR mm

B8 $A& & MR 800 R Bk i Bh I RUE R 20UR Y & AT AR Ge it B
Fig.8 Quantitative statistical data of the precipitates size and frequency between the
conventional aging process and the electrical pulse assisted peak aging process

EERTROR TE Y S R ) A I e
WUF .

(1) A I R i vh g |ACH, ik
i AT ARORE PR S FL U 2 B AN
o3 o TR BE K LA T AR
FTHINT 1°C, L, = A3
F DK i 2 A H DK i B P K T 2

A , 02 SR T i K S B 2
R w22 1) £ B

(2) A TCHBK PR, A
R RIS B D7 ZE (6 28 S AN it
AR 28 3 27 PERE X Tk b L, 3 2
FEARHUR. 5 H N T NOR Bkt
(32 PEREAR LE , FL K i B s 2% T



Heat Treatment Technology mﬂﬂﬁ*

AR T M AR AL R 4
T T ARORE B W (e R B, {EL T
588 JEE I AE A SRR B ) A B 3 X
HH R Jk 20 T2 AT AR v A A B
BAHRAERROR , g A TR

(13) B Jok i B WS 3k T2 e sk
S8 i A RS 3 A A RIS 355 T
CHEAYS,MGET 2219054
M S I ARSI 2, (X
(COURERRS A T N7

& % X

[1] CONRAD H, JR AF S, CAO W D, et
al. Electro plasticity—the effect of electricity on
the mechanical properties of metals[J]. Applying
Materials Science and Engineering, 1990, 42(9):
28-33.

[2] KOCH C C. Experimental evidence
for magnetic or electric field effects on phase
transformations[J]. Materials Science &
Engineering A, 2000, 287(2): 213-218.

[3] B, WAL XIE . B[R
AEFHEXT 2412 FRE S IRBURIE IR (], %
iR | 2015, 40(6): 102-107.

LI Junchu, LI Minghua, LIU Dahai. Effect
of electrostatic field solution on aging forming of
2A12 aluminum alloy[J]. Forging Technology,
2015, 40(6): 102-107.

[4] $& . SMIMARLY T Al-5%Cu 54
IR AT R S HLEE [D]. Kb« g2,
2014.

GUO Lei. Experimental and precipitation
behavior of A1-5% Cu alloy under external
electric field[D]. Changsha: Central South
University, 2014.

[5] HRItE, BRI gk . bk iRk
XF 7075 G A SUFIPERERYSZ I [T]. P AT
4@ 24 . 2014(3): 600-605.

ZHAN Lihua, JIA Shufeng, ZHANG Jiao.
Effect of electrical pulse aging on microstructure
and properties of 7075 aluminum alloy[J].
Transactions of Nonferrous Metals Society of
China, 2014(3): 600-605.

[6] BEMIE . 2219 FRG Gk ET
FARE ) I 28T S BIESE (D] WD« g R,
2014.

JIA Shufeng. 2219 aluminum alloy electric
pulse under the action of stress aging hehavior[D].
Changsha: Central South University, 2014.

[7] flk . mERE R A SR T AL

FHBkui s R A BFTE S B (D). Kb Ak
%, 2013.

ZHU Zhikun. Study and design of special
pulse power for high performance aluminum
alloy[D]. Changsha: Central South University, 2013.

[8] FEflit. BWILHGEHEI T ZM].
Kb g AL L 2011

WANG Zhutang. Deformed aluminum alloy
heat treatment process[M]. Changsha: Central
South University Press, 2011.

91 ZFEAM, ZEHIE . GB/T2039—1997
4 e ARG 7L B Ay AR Ty ik 1 2 G o
VLI [J] 1B EAniEfb 5 BTt |, 1998(3): 4-8.

LI Jiulin, LIANG Xinbang. GB/T2039-1997
Metallic tensile creep test method Specification
for national standards[J]. Metallic Standardization
and Quality, 1998(3): 4-8.

[10] FHBRYE  HFILE B2 . 2219 885
SRSERAEA IR (1), P EA 64
JE2FA L 2014(9): 2250-2256.

YIN Xuni, ZHAN Lihua, ZHAO Jun.
Establishment of steady-state creep constitutive
equation for 2219 aluminum alloy[J]. Transactions
of Nonferrous Metals Society of China, 2014(9):
2250-2256.

[11] @RI skl STRIE . 2219 R4
A I 3 I A i JRE Y AR L B R A AR A (7).
R RS AR (FUARBLARL ), 2016(7): 2235~
2241.

ZHAN Lihua, ZHANG Jiao, JIA Shufeng.
Study on stress aging law of 2219 aluminum alloy
and its strengthening model[J]. Journal of Central
South University (Science and Technology),
2016(7): 2235-2241.

[12] SHss . TESHO0 2524 i &
R U AZ I SO W R R AT SE (D] 1
v HTHER L 2012

TAN Sige. Study on the influence of process
parameters on creep formation performance of
2524 aluminum alloy sheet[D]. Changsha: Central
South University, 2012.

[13] E#i, A, 308, 4. 2219
R 4 U5 718 I BBCRIT 90 B 0 AWML AS Y A ().
PHNT T2, 2017(6): 221-225.

WANG Meng, ZHAN Lihua, LI Wenke,
et al. Study on creep aging of 2519 aluminum
alloy and macro microstructure[J]. Hot Working
Technology, 2017(6): 221-225.

[14] ZHAN L, LIN J, DEAN T A. A
review of the development of creep age forming:
experimentation, modelling and applications[J].

International Journal of Machine Tools &

Manufacture, 2011, 51(1): 1-17.

[15] A, A R R AL
BOSICALARBETE [J]. A= HlEHAR  2016(13):
16-23.

ZHAN Lihua, YANG Youliang. Research
on creep aging forming technology for large scale
components[J]. Aeronautical Manufacturing
Technology, 2016(13): 16-23.

[16] XUBEH: . & Ag () Al-Cu—Mg fif#k
A S MOHSUSYERENITE (D] KD - g
KeE L2011,

LIU Xiaoyan. Study on microstructure and
properties of Al-Cu—Mg heat-resistant aluminum
alloy containing Ag[D]. Changsha: Central South
University, 2011.

(7] #F A . Hgxt 7075 fa e n
RUSOBAERERIRZABTIE [D]. F &« j B A
R, 2016.

HUANG Guanwei. Electrostatic field on
the impact of 7075 aluminum alloy forming
performance[D]. Nanchang: Nanchang Hangkong
University, 2016.

(18] 2= . szt 2612 84 4
L ZURIPERE B2 [D]. KW iR,
20009.

LI Zhiyan. Effects of electric field aging on
microstructure and properties of 2E12 aluminum
alloy[D]. Changsha: Central South University,
20009.

[19] #EM, HAF 5.5 . 1Y
X 2612 FR G 4 IR AL i £ A OO 2 2R Y
RO [J]. PORRRE S TR, 2009(5): 749-
751.

LI Zhiyan, YI Danqing, LI Jian, et al.
Effect of electric field on aging hardening curve
and microstructure of 2E12 aluminum alloy[J].
Chinese Journal of Materials Science and
Engineering, 2009(5): 749-751.

[20] FREGH, SO, TR, 4L ER
RIS A1-4.5% Cu £ 425 [ E I 41U 520
[71. ez Rk 2E4R L 2006(1): 16-19.

XU Qiangang, WU Baolin, WAN Gang, et
al. Effect of DC electric field on directionally
solidified microstructure of Al-4.5% Cu alloyl|J].
Journal of Aeronautical Materials, 2006(1): 16-19.

[21] fafdsde, FR, SR . WIRTE4
JREEE LA AR (V] R s oA Gy
4, 2001(5): 28-31.

HE Shuxian, WANG Jun, ZHOU Yaohe.
Application of current in solidification of metal[J].
Special Casting and Nonferrous Alloys, 2001(5):
28-31. (F#% 53 1)

2017 4E55 23724 W] - i HliEECR 47



