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The purpose of this study was to investigate the springback behavior of magnesium alloy (AZ31B) at high temperature with
respect to the holding time in the die-set. The changes of microstructure in the springback during V-Bending were
analyzed. The springback of the magnesium alloy sheet showed a tendency to decrease as the forming temperature and
the retention time in the die increase. In the microstructure analysis, there was minimal change in the microstructure at
room temperature, while at high temperature the microstructure changed markedly. The increasing material holding time in
die has been shown to reduce springback from internal energy reduction because of recrystallization and grain growth at

high temperature.

NOMENCLATURE

A6 = Spring-back
6, = The workpiece angle after forming
6, = The workpiece angle after holding time in die

D,,, = Average grain size
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Table 1 The mechanical properties of AZ31B at room temperature

Density Poissons Yield stress Elastic modulus
(kg/m®) ratio (MPa) (GPa)
1850 0.35 231.1 39.2

Table 2 The specimen size of each process

V-bending

L-bending

Material length x width length x width Thickness
(mm)
(mm) (mm)
AZ31B 60 x 30 200 x 30 1
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Fig. 4 Deformation workpiece (a) without springback and (b) with
springback in L-bending
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Fig. 5 Deformation workpiece (a) without springback and (b) with
springback in V-bending
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Fig. 6 The temperature of material on plastic deformation region
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Fig. 7 Microstructure observation region in V-bending specimen
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Fig. 8 Material shape of (a) L-bending and (b) V-bending according
to temperature at punch holding time 0 s
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Fig. 9 Springback of AZ31B at temperature in each process
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Fig. 10 The microstructure of AZ31B after V-bending process at (a)
R.T., Compression zone, (b) R.T., Tension zone, (c) 250°C,
Compression zone and (d) 250°C, Tension zone
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Fig. 11 Material shape of (a) L-bending and (b) V-bending according
to punch holding time at 150°C
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0.19 um Fol7} A LA b= S o 4 itk olg) e
ArHe AReoA] Vel A9 Al 92 gste] dgrel 24 gtk
o4 glom 3 W 249§ Azl Zk] o
seju) ghaek E 302% B Aveld Awe 49 &
ssmejuy wistapo] Zbg A WA & 4= glck.

Fig. 14 250°Col A 38 o 2419 §21 Algte] F7kel
wh n)4) 7 st dfolch,

A% S22 W ool T W A9 § Azke] 0s
(Fig. 14(2))2 ©] 11.80 pm, 1000 s (Fig. 14(b)Q W 13.99 pm
2 219um ARor], g LA W 9o Ed 0s (Fig
13(c)Y ) 13.88 pm, 1000 s (Fig. 14(d)2 w 16.60 um=
272um AAY 2717 St o] AuE B9 o g
W oolal QA Seg W ol mE AAA 4, 449

- =

K ofn o
o\ 1? P



206 / March 2020

rol
Hl
o
ng
OF
]
o
>
=
w
~
H
=
w
ho

g e AR B B3 DAY AL % 4 ek ol
3 ol 2t WP A WYE R Seol 4aY B 2%
g Qs el Homu F AP A WA 24 2
o] ZAgE ¢ 5 ek

4. nE

LEs vaslols B 2 0 o] 41 Azte] 27kt
o wa} Az o] ZrAsIIT). o] Aut= 271 A oA =3
Ul §2) A17ko] B7sbel net vkl wE Bl AEA
9l BlE0 ol S2 eslrh WAISIATE ol A4o) 24
Wgol A WAE 3 Selo] extold UEhbs BBt A2
4 WAL AN 7h2:31907] Eolth. Fig. 140) 49k Zo] A]
Zto] S7ketell wheh =3 Aol 7151, A8 EH™el 4
otHA A SEo] AlAEH.

53] Fig. 1204 0-250% -3to]| Azeful wgjefo] I &
Astict. Aa7gel ot &2 dsprt sk A, 57
W A 27] ARl di2 o] SEo] AlAEE e 2eld
ASAEE. ofek frAfRt Aiks vhadle e BA Q] A2|Zo)A
T e = olnk A4 Wge] YAtk w2 oY AdHlelA
el e vl w2 JPE SxE EJEP. 53] 112
A 12k Ze]szof| wisl 22} S| Z7) AujA o2 ARt o]=

s el 43 Lol 9A Y A5
B e TelE gl zefsly] tiolth s S
of| A 27~} FZ £5 0] A 2 A o]F o thetk FofjEo
os) Aol k. 2, Beow B4 ulwa 499 ofFo|
419) 2] WY Lol ojgk Aako] oFalx7] wiolct,
9lo) AVkE vhgroE B, vhdld o] 27k AgelA]

71E Aot 2Rl 5% W 9] 1A ARe] A 2o
Z F= Fe e UL = Uk 53] 2502 ¢t 5% W
SAE AR A ARE AZFEO] 80% ool AlAEE
e 2ld = AR wEbA AA R S NAE o9 2
< 58 W A ARe aEste] 4d 38 A siof sk
e e Al

5. 48

o,
=z
o,
oo

o
o
r o
el
3R

B o
2 4% A alg wE BRle] Ax
B, o] Alo] e wlH T2 WA Fo) BAsiAc. AT
= thedt P,

o) 48 Lwrl 271
o e} oAt S5 2 Aol A9 2% Bl vl
Agre Flanh. o7 49 A HF AAe] ZEi Aheo

dulstel LFalel A9 70%, Vel A9 59% 7hasielrt.

ol A9 L7k S7HTol wheh 2kt vl Aol dhuls) &
5 gelol P4t 2] ool Axeguo) GATHE o 4 otk
AZ31BO] Lg%l 2 VEd A8E B9 29 W 249

ARbo] A1) Zmule] nl) A Slstsct. F
arfe] g4 Azbe] BKte] whek 2 249 Al Al
gulste] Lalo] 45 99%, Vilo] 4 95% gsioit.
ol AAle] AEA WA W o] Aebde] wet 52 gept
3ol 2 W 2ol doleld Selo] Eyo

ﬂ.l

g H a o
o] g o 4 glck.
ACKNOWLEDGEMENT
B ATE el AAOR FFATATE] UL ol 5

Y= 25U THNo. NRF-2017R1C1B5017648).

REFERENCES

1. Friedrich, H. and Schumann, S., “Research for a “New Age of
Magnesium,” in the Automotive Industry,” Journal of Materials
Processing Technology, Vol. 117, No. 3, pp. 276-281, 2001.

2. Wang, L., Huang, G, Zhang, H, Wang, Y., and Yin, L.,
“Evolution of Springback and Neutral Layer of AZ31B
Magnesium Alloy V-Bending under Warm Forming Conditions,”
Journal of Materials Processing Technology, Vol. 213, No. 6, pp.
844-850, 2013.

3. Hama, T., Kariyazaki, Y., Ochi, K., Fujimoto, H., and Takuda,
H., “Springback Characteristics of Magnesium Alloy Sheet
AZ31B in Draw-Bending,” Materials Transactions, Vol. 51, No.
4, pp. 685-693, 2010.

4. Zhang, K., Yin, D., and Wu, D., “Formability of AZ31
Magnesium Alloy Sheets at Warm Working Conditions,”
International Journal of Machine Tools and Manufacture, Vol. 46,
No. 11, pp. 1276-1280, 2006.

5. Li, B., McClelland, Z., Horstemeyer, S., Aslam, 1., Wang, P., et
al., “Time Dependent Springback of a Magnesium Alloy,”
Materials & Design, Vol. 66, pp. 575-580, 2015.

6. Kim, J., Kim, D., Lee, Y., and Lee, M., “Stress Relaxation and
Springback of Magnesium Alloy Sheets,” Proc. of the Spring
Conference on the Korean Society of Precision Engineering, pp.
1387-1388, 2013.

7. Kim, H., Yu, J, and Lee, C., “Study on the Deformation
Characteristics of AZ31B Sheets in V-Bending and Effect of
Bottoming Process,” Transactions of Materials Processing, Vol.
27, No. 3, pp. 139-144, 2018.

8. Nguyen, N. T,, Seo, O. S, Lee, C. A, Lee, M. G, Kim, J. H,, et
al., “Mechanical Behavior of AZ31B Mg Alloy Sheets under
Monotonic and Cyclic Loadings at Room and Moderately



ro

ZHLUSSSX| M37H HM3E

March 2020 /207

10.

Elevated Temperatures,” Materials, Vol. 7, No. 2, pp. 1271-1295,
2014.

Chen, F. K. and Huang, T. B., “Formability of Stamping
Magnesium-Alloy AZ31 Sheets,” Journal of Materials Processing
Technology, Vol. 142, No. 3, pp. 643-647, 2003.

Lee, J. H,, Lee, J. U, Kim, S. H., Song, S. W,, Lee, C. S,, et al.,
“Dynamic Recrystallization Behavior and Microstructural
Evolution of Mg Alloy AZ31 through High-Speed Rolling,”
Journal of Materials Science & Technology, Vol. 34, No. 10, pp.
1747-1755, 2018.

JaeHyeong Yu
He is graduate student in department of
=~ product design and manufacturing engineer-

T 85 7 ing in Seoul national university of Science
\":, and Technology.
ﬁ/ . E-mail: jhyu9109@seoultech.ac kr
Chang-Whan Lee

Assistant professor in the department of

_— product design and manufacturing engineer-

e ing, Seoul National University of Science

and Technology. His research interests

N include simulation and development of the
x metal forming process and lightweight
materials.

E-mail: cwlee@seoultech.ac.kr




