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Fig. 1 Finite element model (a) and photo (b) of windshield

beam

AT RIAPEL N T6 ARAS ) 7075 456 S AR
¥y HAF R WA 1 R .

xz 1 AR oY
Table 1 Chemical composition of test material (mass
fraction, %)

Zn Mg Si Cr Ti Fe Mn Al

583 237 0.05 022 003 0.07 0.04 Bal
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Table 2 Process parameters
Sheet Friction Blank holder
temperature/ 'C coefficient force/kN
440 0.1 20
460 0.3 30
480 0.5 40
500 0.7 50
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Fig. 5 Effect of sheet metal temperature on thinning rate
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Fig. 6 Effect of blank holder force on thinning rate
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Table 3 Three-way quadratic experimental design for

thinning rate

Blank Thinning

E’;Iiﬁ:l‘:gm Tempfgature/ C(l):éif;t(i;(i):n ¢ holder rate/
force/kN %
1 500 0.5 40 54
2 500 0.5 20 4.8
3 500 0.1 40 25
4 500 0.1 20 1.9
5 460 0.5 40 3.1
6 460 0.5 20 25
7 460 0.1 40 29
8 460 0.1 20 1.1
9 504.3 0.3 30 4.6
10 455.7 0.3 30 2.9
11 480 0.543 30 45
12 480 0.057 30 1.0
13 480 0.3 42.15 3.8
14 480 0.3 1785 1.8
15 480 0.3 30 2.3

XHREA PRI SR BEAT G B 35 x; 1) 2% KT AT 2Rk
AL
z, =1 )

A NERR: 2z ASEERNSY; A, &
RN o K x, AN 2 I8 W3 4.
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Table 4

experiment of coding thinning

Design of ternary quadratic simulation

Experiment . 2 2 »
number
1 1 1 1 5.4
2 1 1 -1 4.8
3 1 -1 1 2.5
4 1 -1 -1 1.9
5 -1 1 1 3.1
6 -1 1 -1 2.5
7 -1 -1 1 29
8 -1 -1 -1 1.1
9 1.215 0 0 4.6
10 -1.215 0 0 2.9
11 0 1.215 0 4.5
12 0 —-1.215 0 1.0
13 0 0 1.215 3.8
14 0 0 —-1.215 1.8
15 0 0 0 23

Pt AT A5, 15

¥ =3.006973+0.645107z, +1.063917z, +
0.550562z, +0.525z,z, — 0.15z,z, -
0.15z,z, +0.526z7 —0.151z, —0.117z; 3)

R Q)T AI(3), AT KGR S RS DX Ak T
AT Ay
¥ =276.275-1.247x, —53.1654x, +0.5078x, +

0.1313x,x, +7.5x107 x,x; + 0.075x,x, +
1.315x 107 x} —3.775x; —1.17x107x} 4)

3 PRORESLIRHR

ASCIEL 7075 4554 AT R SEI6 IR 44 X
A 5 X Sy v P AR R A v, RS
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Fig. 10 Hot stamped windshield beam

KA B ST Romer7525 X E Ja 1Y
PHRGEGEAT I &, R AI Ay R, FEAR S RSk
AR, BOBARR R RAR AN, 10 BH R o0 42 |
AT, B A B BRI AR S . R Sy
Az BT, R ) OB RUR T ERE 1.484~1.619
mm Z [8], WECRHERE N 1.6 mm, %7 &8 EH#E
W PR PN OREAHE T 20%, EEAHT 10%), B8
W T G A o

N T IR TR AL (AR M, K R SRIR S

RITARN TR K (4), FATIHE, FRES
SEIAEHEAT X EE, S5 Rl 11 fros.

4.0

3.6 —=— Measured value
—e— Predicted value

hat
[}
T

o
N
T

Thinning rate/%
(3]
o0

g
=
.

1.6

460 470 480 490 500
Temperature/C

B FE S S I E R R o
Fig. 11 Thinning analysis of predicted and measured
values

HIPE 11 AIR, BEARRBE T, SRk (1 T
{ERSEIRE AR 2 8K, HAE 480 C2 ), i
RN o, FE -5 Sl B E
BRIRZEN 12.8%, B/MRZEN 6.4%, HIiiHH
SERME L EEBIME ZR . T LR, B2 T
N e RS SRR BRI RE T, BORHIGIA L
PR, SEbrof R AT W BRI, ORI N
VRN P B ARIR S 2022, AT 3 B0k K
T2, M@ATBIE, #n—4%sH
Tk R ERRES N, RN SRR &
MDY 1,086, RITT A4 X\ £ 6 DX 4k v T 00 4
M
y=1.086x(276.275-1.247x, —53.1654x, +

0.5078x, +0.1313x,x, + 7.5x 107" x,x, +

0.075x,x, +1.315x107x —3.775x; —

1.17x107x}) )

BRI 11 A R SE IR E S (S T S A Rt
ATRIEE, PSR ZEN 6.7%, H/INMRZEN 1.5%,
HIE AT L, A2 1L AR 2R T 45 X S X i v
BRONHER

4 25

1) AR AR MRAET . 25T BORHR



596

hEA O RYR

2021 453 H

B /A EEGE R B R B AL, $ R SE
0 DX 38 b T A R 56 o o AR S 1 T v A
PRI, MBEZ 38K, Tkl i gk,
SIS/ NERIR RS, BAL TGk X A AL

Prid

ASMBEBNBONE A ER 7075
T B S S DX 3l = ) T AR
DL 55 Pl S 06 Rl

A NIRRT E .

2)%%%@%&%%,@17uﬁﬂﬁ§\ﬁ
EERE S
(NS
GURBHTHCEL, TS

KiIREHN 6.7%, H/MEEN1.5%.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

SHIN J, KIM T Y, KIM D E, et al. Castability and
mechanical properties of new 7xxx aluminum alloys for
automotive chassis/body applications[J]. Journal of Alloys
and Compounds, 2017, 698: 577-590.

DENG Ye-lin, GUO Yan-song, WU Peng, et al. Optimal
design of flax fiber reinforced polymer composite as a
lightweight component for automobiles from a life cycle

assessment perspective[J].

2019, 23(4): 986—997.

Journal of Industrial Ecology,

LI Yong-bing, LI Ya-ting, LOU Ming, et al. Lightweight car
body and its challenges to connection technology[J]. Journal
of Mechanical Engineering, 2012, 48(18): 44—54.
EHEA, AR A, HARE FOEM 5182 A SR
IR ARAT ). T EA &R ik, 2008, 18(11):
1958—-1963.

WANG Meng-jun, REN Jie, HUANG Dian-yuan, et al.
Thermal tensile flowing deformation behavior of 5182
aluminum alloy sheet for automobile[J]. The Chinese Journal
of Nonferrous Metals, 2008, 18(11): 1958—1963.
MOHAMSD S M, ALISTAIR D F, LIN Jiao-guo.
Investigation of deformation and failure features in hot
stamping of AA6082: Experimentation and modeling[J].
International Journal of Machine Tools & Manufacture,
2012, 53(1/3): 281-293.

PANIGRAHI S K, JAYAGANTHAN R. Effect of ageing on
microstructure and mechanical properties of bulk, cryorolled,
and room temperature rolled Al 7075 alloy[J]. Journal of
Alloys and Compounds, 2011, 509(40): 9609-9616.

MA Ka-ka, WEN Hai-ming, HU Tao, et al. Mechanical

behavior and strengthening mechanisms in ultrafine grain

(8]

[9]

[10]

(1]

[12]

[13]

[14]

precipitation-strengthened ~ aluminum  alloy[J].  Acta
Materialia, 2014, 62: 141-155.

XITTEL, BEAEE, FRREVE, 5. 7075 HRE ST
). #IDTIZ, 2019, 48(5): 161-163.

LIU Ke-wei, YAO Ming-jing, CHENG Jing-tao, et al. Hot
deformation resistance model of 7075 aluminum alloy[J].
Hot working process, 2019, 48(5): 161-163.

LI 'Y, RETRAINT D, XUE H, et al. Fatigue properties and
cracking mechanisms of a 7075 aluminum alloy under axial
and torsional loadings[J]. Procedia Structural Integrity, 2019,
19: 637-644.

RAKIE, WA, RSN, BT AL B 2 [l 25 7 vk
% 7075 faG e RMA L SRR R[], AL
TEAEL, 2018, 42(1): 39-43

ZHU Yong-bo, YANG Xiang-jie, GUI Yun-peng. Effect of
hot extrusion and heat treatment on microstructure and
tensile properties of 7075 aluminum alloy prepared by
semi-solid method[J]. Mechanical Engineering Materials,
2018, 42(1): 39-43.
XRR, BRILF, 2§, 5
% Bh o 57 47 S8 3 B ().
615-621.

257075 iS5 A 4 SR AL R k-
FELME T, 2019, 30(5):

LIU Chen-chen, CHEN Ya-jun, LI Ke, et al. Analysis of in
situ corrosion and multi-axis fatigue behavior of 7075
aeronautical  aluminum alloy[J]. China Mechanical
Engineering, 2019, 30(5): 615—621.

O BrOM, EZF, S ERTEEHSE 7075 5
G IR R MALR M) PEA G REER,

2018, 28(10): 1999-2008.

LI Hai, CHEN Peng, WANG Zhi-xiu, et al. Effect of aging
on mechanical properties and microstructure of solid solution
cold rolled 7075 aluminum alloy[J]. The Chinese Journal of
Nonferrous Metals, 2018, 28(10): 1999-2008.

% H, & ¥, KR, %7075 BAESHEEEREET
SR RERUTE AT AT A m ). hEA R,

2018, 28(11): 2191-2198.

JIANG Yue, ZHU Hao, LIU lJia-lun, et al. effect of 7075
aluminum alloy friction stir welding process on precipitation
behavior of joint[J]. The Chinese Journal of Nonferrous
Metals, 2018, 28(11): 2191-2198

MILKEREIT B, OSTERREICH M, SCHUSTER P, et al.

Dissolution and precipitation behavior for hot forming of

7021 and 7075 aluminum alloys[J]. Metals, 2018, 8(7):



31 B3 W

HErl, . 7075 B G G R S OB I AR Y

597

[15]

531-531.

% . TAXX BESEREGRE TR 0] R
TRERIEEHR, 2019, 53(3): 504-510.

LI Ang. Rheological behavior of 7AXX aluminum alloy
under hot compression[J]. Atomic Energy Science and

Technology, 2019, 53(3): 504—510.

[16] ZAF, WIE#, R)7H, . AZ31B &6 RMRMWIE

FIEEA T[] L8R, 2016, 38(3): 62-67.

LUO Ren-ping, TAO Kuang-heng, WU Guang-xin, et al.
Study on lubricating medium for AZ31B magnesium alloy
plate for temperature stamping[J]. Shanghai Metal, 2016,
38(3): 62—67.

Prediction model of hot stamping thinning of
7075 aluminum alloy windshield beam

DONG Xiao-chuan', NI Yangl, CAI Yu-junl, PAN Gao-feng2, YUAN Bin-xian'

(1. National-Local Joint Engineering Laboratory of Intelligent Manufacturing Oriented Automobile Die and Mould,
Tianjin University of Technology and Education, Tianjin 300222, China;
2. Tianjin Tianduan Press Co., Ltd., Tianjin 300222, China)

Abstract: Aiming at the thinning rate of 7075 aluminum alloy windshield in the hot forming process, the true
stress—true strain curves of 7075 aluminum alloy were studied by hot tensile tests under the deformation
temperature of 440—480 ‘C and strain rate of 0.001-0.1 s ', and they were introduced into the numerical
simulation model. The influence of the initial temperature of sheet metal (440500 C), blank holder force (20—50
kN), and friction coefficient (0.1—0.7) on the thinning rate of hot stamping dangerous zone marked points of 7075
aluminum alloy windshield was analyzed, and the prediction model was verified by experiments. The results show
that the thinning rate of marked points in the dangerous area of windshield forming part decreases first and then
increases with the increase of sheet metal temperature, increases with the increase of blank holder force, and
increases with the increase of friction coefficient. The thinning rates of the marked points are 4>D>C>>B in the
order from high to low during the deformation process. The modified prediction model is compared with the
experimental value, and the maximum error obtained is 6.7%, and the minimum error is 1.5%.

Key words: 7075 aluminum alloy; hot stamping; formability; thinning prediction
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