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Forming Limit of Aluminum Alloy 2A16

GUO Chan, LANG Li-hut, YANG Xi-ying, LIU Kang-ning, ZHANG Wen-shang
(School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)

ABSTRACT :; This research aimed to learn the changing law of formability of aluminum alloy under warm/hot environ-
ment. In this research, the FLD test by a method combined of rigid punch bulging and hydraulic bulging was conducted,
then the prediction model of forming limit was established using the least square method. The results showed that the frac-
ture points were on or near the top of the specimens, the grids remained small under the room temperature while they be-
came bigger and longer under 210 C and 300 °C, indicating the temperature had huge influence on the formability of alu-
minum alloy 2A16 that the curve of forming limit was shifted upward with the increase of temperature. The compound bul-
ging method for test had high reliability and accuracy which revealed that aluminum alloy 2A16 had greater formability un-
der high temperatures. The prediction model well described the relationship between the limit stain and the temperature,
and FLD can be quickly gained using this prediction model.
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Fig. 1 Micro unit of the top bulging part
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Fig. 2 The mold size of rigid punch bulging
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Fig.5 The results of elliptic hydraulic bulging test
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Table 1 Parameter values of the prediction model of

forming limit

WE/C Ad, , I, k,
20 01372 -0.803  0.1036  1.9299
210 0.1964  -1.6387  0.3505  0.3019
300 0.2413  -2.0762  0.5653  0.05693

MR ATLVE 4 N SE DR T A A2
SN REL, b fld &, BEWRLEE R TR TS Kk, Lk, B
TEE /N R 23 4 A SHGH
TG A5 AT 5 IR Z B OC R .

fld,=0.1338+1. 577x107* T+6. 690x107'T*  (8)

k, =0.7220-4. 020x10°T-1. 652x10°T* (9)

k,=0.09392+4. 064x107*T+3. 883x10°T* (10)

ky=2.189-0.01337T+2. 088x10°T* (11)

e RIS, B2 T8 A 4 2A16 BB IR
TRIASERY 7 AR ] T A 3 AR | O AR DA KR
FEZBIR R, TE TR bR, 25 0 bR 40 Ui
B n AR AR AL OE A ) FLD

4 LHiE

1) A2 3R T A RS R 158 s KT R 285 45 1)

SRRRAE AR5 2A16 ARUB UE R FRITFE 79

HATRE I ES AR A4 2A16 Hbf i B R IE iR
BRCR RAT 128 6 B A B s W AT R

2) WEXTER A 4 2A16 BT BT M BR 52 i 1 4
HH A, Bt TR 8, AU %) BT AR IR i & 3 A iy I
Bl I B4 2 X IR K, 2A16 76 iR T HA H AT
() SIEE BE

3) XPRIEIE A TING J#E T R A 4 2A16 AL
TEAR B T A5 80 iff e T R TR S 0 U R 2 ) Y G
R, SR ARAT , AR R AT B T TR S R b A
il FLD,

SEH .

(1] SRS R, e, 5 IR R AR Xl 1.2

WFFEBUIR[ T ] . 8 EH R ,2015,40(3) :1—6.
GUO Yu-qin, ZHU Xin-feng, YANG Yan, et al. Research
State of Lightweight Material and Manufacture Process in
Automotive Industry[ J]. Forging and Stamping Technology,
2015,40(3) .1—6.

[2] UNGUREANU C A,DAS S,JAWAHIR I S. Life-cycle Cost
Analysis; Aluminum versus Steel in Passenger Cars [ J].
TMS ( The Minerals, Metals & Materials Society ) , 2007
11—24.

[3] MORDIKE B,EBERT L T. Magnesium Properties-applica-
tions-potential [ J ]. J Mater Sci Technol, 2001, 302 ;37—
45.

[4] GREE. $BE MM KM= RN AI[T]. 868)m1,2009,
(3) :50—52.

ZHANG Yu. The Application of Aluminum Alloy in Aero-
space Field [ J]. Aluminum Fabrication, 2009, (3) : 50—
52.

[5] E#E, ERE SRR ERRESNHER)]. BE

ST HAR ,2013,41(8) :1—6.
WANG Jian-guo, WANG Zhu-tang. Advance on Wrought A-
luminum Alloys Used for Aeronautic and Astronautic Indus-
try[ J]. Light Alloy Fabrication Technology,2013,41(8) :
1—6.

[6] SWIFT H W. Plastic Instability under Plane Stress[ J]. Jour-
nal of the Mechanics and Physics of Solid,1952,1(1) :1—
18.

[7] HILL R. On Discontinuous Plastic States with Special Refer-
ence to Localized Necking in Thin Sheets[ J]. Journal of the
Mechanics and Physics of Solid, 1952 (1) :19—30.

[8] il T, R 7R, BT M-K A58 8 G 4 s
TBOEARFRI [ J]. b E A 4 )8 24,2008 ,18 (6)
980—984.

(T#% 83 W)



BT1E A4

B K 245 B9 R O AR S B AL ot 2H 24 % it ol v e

[12]

[13]

neering,2013,5(4) .64—68.

et , XU, JR T 4. 45" IR TG SR VR IR T
PSRBT [ ]. R ,2014,43 (4) :86—
91.

HUA Xi-jun,LIU Kai, ZHOU Wan, et al. Research of An-
tifriction and Wear Resistance Composite Technology by La-
ser-texturing and Quenching on 45# Steel Surface[ J . Sur-
face Technology,2014,43(4) .86—91.
RGP S005 R A WOLHIR R Bt S 4 [T].
KA 2014 ,43(2) 75—78.

XU Jun-gi, GUO Fang,SU Jun-hong, et al. Design and Prep-
aration of Thin Films for Laser System[ J ]. Surface Technol-
ogy,2014,43(2) .75—78.

(L#% 79 ®)

[9]

[11]

MA Gao-shan, WAN Min, WU Xiang-dong. Theoretical Pre-
diction of FLDs for Al-Li Alloy at Elevated Temperature
Based on M-K Model [ J]. The Chinese Journal of Nonfer-
rous Metals,2008,18(6) :980—984.
RSP, BRAIEE , X5, 5. 3EF M-K BRI BE i KR
T K 2w [ J]. APE TR A4 4R ,2011,18(5) 84—
89.

DU Ping-mei, LANG Li-hui, LIU Bao-sheng, et al. Theoreti-
cal Prediction and Parameter Influence of FLDs Based on
M-K Model[ J]. Journal of Plasticity Engineering,2011,18
(5):84—89.

T ke R m 7R A IR X A U R S
ST BOMBNTRE ST, U T AR 24, 2001,37 (1) :
57—62.

WAN Min, HONG Qiang, WU Xiang-dong, et al. Establish-
ment of Biaxial Tensile Test of Cruciform Specimen and A-
nalysis of Load Accuracy[ J]. Chinese Journal of Mechani-
cal Engineering,2001,37(1) :57—62.

FPAE RIVR, 30T, . RTI4TN DPS90
MR I AT oA (0] BB PE TR A741,2015,22(1) :66—71.
SHU Jian, WU Xiang-dong, WANG Wen-ping, et al. Study

[14]

[15]

[16]

[12]

[13]

[14]

[15]

QIU Xing-wu, LIU Chun-ge. Microstructure and Properties
of AI2CrFeCoCuTiNix High-entropy Alloys Prepared by La-
ser Cladding[ J ]. Journal of Alloys and Compounds,2013,
553.:216—220.

CHIU K Y,CHENG F T,MAN H C. Corrosion Behavior of
AISI 3161 Stainless Steel Surface-modified with NiTi[ J].
Surface and Coatings Technology,2006 ,200 :6054—606.
DURAISELVAM M,GALUN R, WESLING Vet al. Cavita-
tion Erosion Resistance of Ti6Al4V Laser Alloyed with TiC-
reinforced Dual Phase Intermetallic Matrix Composites[ ] |.
Materials Science and Engineering A ,2007 ,454/455 . 63—
68.

on Yield Behavior of Automotive Steel DP590 under Ther-
mal Environment [ J ]. Journal of Plasticity Engineering,
2015,22(1) :66-71.

YU Y,WAN M, WU X D, et al. Design of a Cruciform Biax-
ial Tensile Specimen for Limit Strain Analysis by FEM[ J].
Journal of Materials Processing Technology. 2002,123(1) .
67-70.

FHEIE B ES FET R, MR MBS ERIE R[],
FT2HAR,1995(6) :15—18.

LI Chun-feng, YANG Yu-ying, LI Xue-chun. The Study on
Elliptic Dies Hydraulic Bulging [ J]. Electronics Process
Technology,1995(6) :15—18.

A ETE A L. MR M K vk A nOE
PR L], MPRERL2E 5 T4 ,1996,4(2) :101—105.

LI Chun-feng, LI Xue-chun, YANG Yu-ying. Drawing Form-
ing Limit Diagraphs using Elliptic Dies Hydraulic Bulging
[J]. Materials Science and Technology,1996,4(2) :101—
10s.

REES D W A. Plastic Flow in the Elliptical Bulge Test[ J].
International Journal of Mechanical Sciences,1995,37(4) .

373—389.



