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Experimental Study on the Formability of Simultaneous Deep
Drawing of Circular and Rectangular Cups with AZ31
Magnesium Alloy
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Abstract

In warm press forming of magnesium alloy sheet, it is important to control the sheet temperature by heating the
sheet in closed die. When forming a commercial AZ31 magnesium alloy sheets which are 0.5mm and 1.0mm thick,
respectively, time arriving at target temperature and temperature variation in magnesium alloy sheet have been
investigated. The deep drawing process with rectangular shape alone at the first stage and with both circular and
rectangular shapes at the second stage was employed. At the first stage, through deep drawing process with rectangular
shape alone according to various forming temperature(150~350C) and velocity(0.1~1.0mm/s), optimum forming
condition was obtained. At the second stage, deep drawing process with the circular and rectangular shapes were
performed following deep drawn square cups with Limited Drawing Height(LDH) obtained at the first stage. Here,
clearance which is defined a gap between the die and the punch including sheet was set to ratio of 20, 40 and 100% to
thickness in sheet. Accordingly, temperature, velocities, and clearances suitable for forming were suggested through
investigating the thickness variation of the product.

Key Words : AZ31 Magnesium Alloy, Sheet Metal Forming, Deep Drawing Process, Complex Shape, Warm Temperature,
Thickness Thinning, Clearance
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Fig. 1 Apparatus of AZ31 magnesium sheet to measure
temperature
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Table 1 Temperature variation of magnesium sheet

Di Thickness Heating time | Cooling time
i€
(mm) (sec) (sec)
0.5 43 183
150C
1.0 75 256
0.5 42 247
200°C
1.0 67 332
. 0.5 33 255
250C
1.0 63 403
0.5 26 280
300C
1.0 32 414
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Table 2 Dimension of tools (mm)

o A9 4

\Clearance 1% process | 2™ process
(%) | Width |Length| Circle |Square
Core - | ota|s14| 26 | 26
. size
P Should
oncen . 2 | 2 | 2| 2
radius
20 - - 248 | 24.8
. 40 90 50 - -
Size
Punch 60 - - | 244 | 244
100 - - 24 24
Shou'lder ) 10 ) )
radius
Distance between center of
: 44
circular and square punch

Table3 Processing parameters of deep drawing test

1% process | 2™ process
Temperature (C) 25 (1)5(3)’0302’5 0 200
Velocity (mm/s) 0.1,0.5,1.0 0.1
Blank holding force (kN) 10 10
Sheet thickness (mm) 0.5 0.5
Clearance (%) 40 20, 60, 100

@ 994 9T

i

Zo} %o WE Ho 4F HolE vEld Ao
W, Fig.6 < 2= W& Ay AAREclt

AA 2&7F 200C RIAAM A A HolE
Uelds, o] & &7 A% 45 4F dole
29 EAY & AolE JERA st

37HAY AE £% F 0imm/s € 97 A 2
o] A¥EHoY AA 2%7} 200-250C AAE
Y &xo e 2 FolE YEHA ¥t
Fig. 7 & A3 ol & A4Y 35 & el
Rolth, w7t F71E+E 4y 5 F74sta,
257t As84E 4y e Aadstn Jov
Hol 4F ZHolg YEhIAYE %9 FEdA
352 7-8kN ALt}

EE A L2771 200 T o|F e FFo] F
3 AastEd, o] 2x EXdA mlade &
o AMAA ] LA37] HFo|vH13].

Fig. 8 & HYEZ29Y F AEY T/ ¥y ¥ E
el Hojr}, g oz e FAH EEXA)E
ZdR] BZoAM BASE dEHY o3 FA

= 114

£

£ 104

E 9- [ ) [ ]
g " " "
T 7 e
E

= 54

D 4]

£ —.— Vp=0.1 mmis
E ¥ -&- V =0.5mm/
.6 2lc=40% V‘7 0.5mm/s
w BHF=10kN —4-V =1.0mm/s

150 200 250 300 350
Temperature (°C)

Fig. 5 Forming limit depth of first deep drawing
process at various temperature and velocities

7inm

(By2onic:
1hem

s
Wit .

S

Fig. 6 Photography of rectangular cups formed at
various temperatures

A MIIZBE X /M 17H 8%, 2008589



7t F7vetH, tho] Wb
A FAZ IA FA }
AY £=7F 1.0mm/s & “H iﬂ_l
A 5% FAZE @A, o
B Aoz 458 5 Aok
Qtednbgkel] =23 HlEko 29
frARE %S YEdaL
05mm/591- 1.omm/s € %%
29 ¥ HU} AgHos Z:}_/}:‘E]—_T’_ At
o]ﬂo A¥ ANHe 7] FA EEX7F AAH
o2 FdsHA ekl wiEolth. Bd AR of
whAlol| o3 bk 4 B}TD)E A
dstunt GAYFRD)S T ¥} 2 3
Holi gt

3

OSL'

Kol
=

3.2 S5t g4 (Complex shape)? HE
29 M&EM-2nd process
A8 FAAA Zo] 10mm 2 FFI AxG A
of #x)e} thele] 7+A(0)s FojH2)o] LA

10
C=40% JYo=1ommis
g.| BHF=10KN
—~  |T=250°C V, = 0.5mm/s
P4
X 6]
[ Vp =0.1mm/s
<
o 4-
L=
=
g 2
S
o
0
0 2 4 6 8 10
Punch stroke (mm)
(A) According to velocities
104 Vp=0.1mm/s 150°C|
BHF=10kN
= 84 200°C
x
o 67
e 250°C)
O 4.
= 300°0
1) 350°q]
£ 2
S
a
0
0 2 a 6 8
Punch stroke (mm)
(B) According to temperature
Fig. 7 Relationship between punch load and stroke

according to temperature and velocities

590 /82473 &8 X|/H 178 HM8F, 2008H

s
79 20, 60, 100%7F HEZ o] AP} FArz
g IAE FA ‘a‘:i%}“q Ay exE
AEAol 7P SFHRE 200 CTellA H=EZA
skt

Fig. 9 9 3 glol 4% 7@ A 43 2
o] Uttt E#odart A FA4 60%
d o o wt 24T AfolE HERHAT H
FHoZ #|Ag tro] Ate] tHeY HEo| m
A8 Zolx ztolE HelA ¥skor 3mm A
4%¥ 7hesksith
B3 71sketA @dde 753 oz A% A
29 #FE5AC] A HEY Ate] A
Al 43 Hol7t $Yd o2 AlgdET

=
fo
e
_

Fig. 10 & v} 48 zo] o]¥2o=z Y=z
g o deis gEded Su A4 vehd
Aot}

49 We WA W B2 e 2459
o, Al HL 2V the] W FdA od

0.05
0.04 . —a— Vp=0.1mmls
o. 03 —e—V =0.5mm/s
et —A—V =1.0mmis
-+~ 0.02 t,=0.45mm
~ 0.01
£ 0.001
g 0.01]
£ -0.02]
.03
-0.04+ 1= 200°c Lo
0.05]BHF=10KN 1 s I .
0 10 20 30 40 S50 60
Distance (mm)
(A) Rolling Direction
0.05
0.04 "o 0 —n— Vp=0.1mmls
RadRE —e—V =0.5mmis
0'03'_ b 20 % o« —A—V =1.0mm/s
—~ 0.02 t,=0.45mm
E 0.01]
= 0.00
£ 0.01
i£ -0.02]
.03
0041 BHF=10kN
0.05 . ; . —
0 10 20 30 40

Distance (mm)
(B) Transverse Direction

Fig. 8 Thinning distribution according to rolling

direction at forming temperature 200C and
various velocities



o) wasel, 4Y Aok TG 45 WA WA
F-2o 2 gdo] o]%dt= ddS Fig. 10 (A) (B)
ZRE 3EFE 4 ot
BE YR 4 BRBE T F4 AJo] 20|

A 718HE ] Ao FEex g7sta FE0
FAST o B2 498 AR W ¢
FUYE AT FAA FEHE X2 ¢
A dEHgS FAe Xl

‘é‘S

E

£ 44

£

=Y

‘g 34 | .Sl

£ S

—_— 24

)

£

E i —s—V =01mm/s

S ! T=200°C ~'~VZ=0.5mmIs

uw o BHF=t0KN —4—V_=1.0mmis

20 60 100

Clearance (%)

Fig. 9 Forming limit depth of second step deep

drawing process at various temperature and

velocities

(A) v,=1.0mm/s ,

h=4mm (B) v,=1.0mm/s , h=Smm

Fig.10 Photograph with a fracture aspect at forming

Fig.11

temperature 200C and clearance 60%

424 T=200°C
BHF=10kN
Vp=1 Omm/s

20%

10 60%

100%

Punch force (kN)

0.0 15 20 25 30

Punch stroke (mm)

05 10

Relationship between punch load and punch
stroke according to clearances

o] &A37] ¢, ojHyE FE
o] Ay AxF gojxy] o
, TEE dAY] Hs ERa Ede] ¢4dE
7 A1 a7t gl

Fig. 11 o Z&od e B2 43 35 ve
wold g8 2rt AR FAY 20%E F2
3% wlzbel] o3 Ko A7 olFe] AJAH
7] W FFdxrt FL £5 Y 13l

[e]

=2

=
F7hst At
Ay T AFY FA Wy BEXE ARG
M, $4& AFY F1E 49Tl wE ¥
ste] £33t
Fig. 12 & HX vgd & 7o 2 sl HA 9
tho] Ate]l 7HA wE FA EXE b Ao
o Fig. 12 (A) & A o 57 X8 vEd

Zojtth. 2 349 tho] WA HIZo A FAE T
Hazh gAsiglen, gEddart &4 FAY
20%Y o Ao 18%7tA] FA7E AT

Fig. 12 (B) & 9% 9 74 £X& Yehin
Ak Az A g \9x v B2l 4%
A At A, gEoldart &4 FAY
20%% W Ho 13%7A FATF F2ss

Feojd 27t FEF5 A s dFHF
9 gEFWHol AAFHA hAS FA T/ o
oA @A HH, SR A7 o]Fo] uizd
& AAH7] wfEl

A gagol 318
% 5 ek

Fig. 13 (A) o 4
EREERUE
FHo2 43 9
ol FEeAE
3 dAg
%Y

dmnys 2 A8 " A
ZA33 UEhidh
A7FEol ofg 7hE
A& Fig 13 (A2 A%
T gon, AFe XA
=7 Fkste AgE Y

3 &
2 Ax
g 7

1

—{0 ﬂ.llﬂl o

T8 2% 150 T A 300 T7H <
Holl X Az31 vladlg FF EA7L 7}
T ZEE ZAEIGTE a8 e
goz 2 o &7 429
AN W T W E

14

B2 Mt 88X /X 17H M8Z, 20084/591



AZH

0.05
! )
0.00 4 . §f
-
|
o005 N\ /)
g
= 0104
E T=200°C i
£ -015{V=01mmis v s L]
Temcnam Y
0.20|~®C=60% 3 T L
—a—C =100% 33 45 56
0 10 20 30 4 50 60 70
Distance (mm)
(A) Square part
0.05
0.00
T 0.05
g
‘£ 0.10-
£
£ 015 ‘
—n—C=20% 6776C"tle 105125 135
—e—C=60% s sl
0204 s c=100% 7 % 1

70 8 9 100 110 120 130
Distance (mm)
(B) Circular part
Fig. 12 Thinning distribution according to
clearances at temperature 200 T, velocity 0.1mm/s

% 90
8 5 e 3w, —=—V = 0.1mm/s
~
ha _j"{;_xé‘_z A |nitial Hardness
z 8047 cm T=200°C
/1]
I—l.\
@ 70 / A
[ =
- /I‘./
2 N
£ so_
n
b nd
3 1* process 27 process
[} H
= 50 v —— T T T
>

0 2 4 6 8 10 12 14
Measured position
(A) Vickers hardness distribution

(C) Posmon 13
Fig.13 Vickers hardness distribution of the square

(B) Initial

part and microstructure

592 /=273 EHX|/H 173 M8E, 20084

ANE AED

(1) AZ31 wtavls 35 BAe 27 4F A
A EEE AZEA A7) 43 7tE A
= Ao, &4 227t the] 2x9 T
3 A& AZFE Table 1 o YeEhHgTh

() 1 F3A 488 HAA4d Ho FA4 AF
XA gawee FA ¥y EXvL gdua
o 2% F7 WEg B¥xrt 34 gy
St ¢ Wake] T Hgoz o Wy
Ago] 2 RS &

¢ 7y HEe FA AE
e S5 e %Ei%] AL, 7188H 3
ol A5 FE5& A £ ZFojdaxa

of me 4Y Lot dmm A U ¢ F U

@ 2 4NN 439 9% 2 AAFY e
A 2322 53 2ciuzd 48 %A @
F Qgon, Facdart 2iE4s T 24
Zo| A3, 43 HFel FrAA Folds
100%2 W 7H¢ AL T Fags e
(5) 48 ¥ AT AE BEE= A7 99
HEARA Asss 2 34 GE vad FEs)
ASEE Gao Thol A¥ $2d AR ¥

Al e T

x* 7l
2 A7 KIMM oA A= Mg F71A4
ZeMd Agez AYPE A=A old #AA
A EA A =gYo

gu1gs

[1] Shoichiro Yoshihara, Ken-ichi Manabe, Hisashi
Nishimura, 2005, Effect of blank holder force
control in deep-drawing process of magnesium
alloy sheet, J. Mat. Pro. Tech., Vol.170, pp.
579~585.

[2] Shyong Lee, Yung-Hung Chen, Jian-Yih Wang,
2002, Isothermal sheet formability of magnesium
alloy AZ31 and AZ61, J. Mat. Pro. Tech., Vol.124,
pp- 19~24.

[3] Myeong-Sup Rhee, Dae-Min Kang, 2006,
Improvement of Formability of AZ31 Magnesium
Alloy Sheet during Warm Deep Drawing,
Transactions of Materials Processing, Vol.15, No.2,



[4]

[5]

(6]

[7]

(8]

[9

AZ31 ntavlf BAe] o8 4ay HER

pp. 148~152.

Dae-Min Ken-ich 2005,
Improvement on the Formability of Magnesium
Alloy Sheet by Heating and Cooling Method,
Transactions of Materials Processing, Vol. 14, No.7,
pp. 607~612.

S. W.Kim, Y. S. Kim, Y. N. Kwon, J. H. Lee, 2008,
A Study on Warm Incremental Forming of AZ31

Kang, Manabe,

Alloy Sheet, Transactions of Materials Processing,
Vol.17, No.5, pp. 373~379.

Hariharasudhan Palaniswamy, Gracious Ngaile,
Taylan Altan, 2004, Finite element simulation of
magnesium alloy sheet forming at elevated
Temperatures, J. Mat. Pro. Tech., Vol.146, pp. 52~ 60.
Tyng-Bin Huang, Yung-An Tsai, Fuh-Kuo Chen,
2006, Finite element analysis and formability of
non-isothermal deep drawing of AZ31B sheets, J.
Mat. Pro. Tech., Vol.177, pp. 142~145,

Fuh-Kuo Chen, Tyng-Bin Huang, Chih-Kun Chang,
2003, Deep drawing of square cups with
magnesium alloy AZ31 sheets, Int. J. Mach. Tools
& Manu., Vol. 43, pp.1553~1559.

D. G. Choo, J. H. Lee, C. G. Kang, 2005, The Effect
of Tool Surface Treatment and Temperature on

[10]

(11]

(12]

[13]

(14]

juc)
2
il
o
2
-

Deep Drawability of AZ31 Magnesium Alloy Sheet,
Proceedings of the Korean Society for Technology
of Plasticity Conference, pp. 118~121,

K. Iwanaga, H. Tashiro, H. Okamoto, K. Shimizu,
2004, Improvement of formability from room
in AZ-31

magnesium alloy, J. Mat. Pro. Tech., Vol. 155~156,
pp. 1313~1316.

K. F. Zhang, D. L. Yin, D. Z. Wu, 2006, Formability
of AZ31 magnesium alloy sheets at warm working
conditions, Int. J. Mach. Tools & Manu., Vol.46, pp.

1276~1280.

T. Naka, T. Uemori, R. Hino, M. Kohzu, K. Higashi,
F. Yoshida, 2008, Effects of strain rate, temperature

and sheet thickness on yield locus of AZ31

magnesium alloy sheet, J. Mat. Pro. Tech., Vol. 201,

pp. 395~400.

T. Al-Samman, G Gottstein, 2008,
recrystallization during high temperature deformation
of magnesium, Mat. Sci. Eng. A, Vol. 490, pp. 411
~420.

M. R. Barnett. 2007, Twinning and ductility of
magnesium alloys Part I: “Tension” twins, Mat. Sci.
Eng. A, Vol. 464, pp. 1~7.

temperature to warm temperature

Dynamic

=2 YIII X /H 178 MBS, 20084/593



