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Evaluation of Warm Deep Drawability of Magnesium Alloy
AZ31 Sheet Using Solid-Type Lubricants
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Abstract

While the die casting has been mainly used to manufacture the magnesium alloy parts, the press forming is considered
as an alternative to the die casting for saving the manufacturing cost and improving the structural strength of the
magnesium alloy parts. Because the magnesium alloy has low formability at room temperature, forming at elevated
temperatures is a necessary condition to obtain the required material flow for press forming. However, the elevated
temperature forming does not always guarantee the sufficient formability under the dry friction condition because the
surface damage such as scratch or wear may accelerate the material failure. In the present study, the solid-type lubricants
such as PTFE, graphite and MoS, were tested for the square cup warm deep drawing using the magnesium alloy AZ31
sheet. The formability improvement by using the lubricant was examined by comparing the maximum deep drawing depth
using the PTFE against no lubricant. The formability difference for the different lubricant was also examined based on the
maximum deep drawing depth.
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Fig. 1 Geometric parameters of the square cup deep
drawing die

Table 1 Spec. of the square cup deep drawing die

Punch size (ax b) 40 x 40mm

Punch radius (Rp) 6.25mm

Corner radius (Rc) 10.96mm

Die radius (Rd) 6.25mm

Clearance 0.96mm
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Fig. 2 Schematic diagram of the die heating system

k. 28 R 259 J1dS 93l EYa
Zri9l &% tho] o Al=3]E)(Sheath Heater)
Bl 448 AP rtEE F¥ o2 RE



29} Zo] FAHAEH, 35 tholo] A4dE &
He Bl 2:E L
PID A|o]7}9} TPR(Thyristor Power Regulator)E
3 B oo sk tholo] dXMo HHE A
E2T] A3t 222 S JFEEsTh
ATelME At #Ze] FAE 27 HEZz=
FEE AL WEAFIIUTM A

YzeEzdgg Fdsdch

=2
e

S
R oo i rulm

O

\J

22AZ31 2d3 A B2H xAH
U}:LLﬂ% g A AZ31 EFY AE 120mm
9l 98 EFAE AE 7pEsdh £
4 ™ 5171011 uet Az Ay A BA
) ;:‘%M gAF So] gl ¢ Jdor,
AT E 4 4 ERIATE dEeER
StR i AAE Ei%‘ Hol7kA BBsted H4
T aAY 4& nHse £33 AEFE 120mm
2 AAsGT

e

293 EFrde FYPEZE A8 B3
9 <HE(Blank Holdmg Pressure; BHP)S ]—8]—91%
o 2 A3 FAAME 5.0MPag] 233 &9 ¢
He Abgsth Zys e 2 ALEE ‘_]_-‘—5—/\]?'7:]
71¢] 71 &% WS aeste] WA 2ER
A= Omm/mmE A&+ Tk,

2.3 27t HEEZY AH

£8A4 Qo] dxzz==s £ A 23
TR A W FA wiE] Yol FH
Rony oz wEd wI £ HIHL L&
FE Ao oo 27 yz==z oo A &
gAE e AEAe B AL F A
A& A o] W &3 HEZsEY 2
T Z7o] A2dA AL 300°C 7HA9 HHA A
S mEEE, o] 2% WM A 71FE LI
F A SEAE ARgdior P o8 FE& 1
Astd derA2 FA4 /Y 2 5o v
3 3A AN AT A= ﬂﬂ?‘f}‘}iﬁ} uf
g B dFdME oL 3 /MK FFY 1A

H8AE A5tk
« PTFE(ZHHEZFZZ 2 Eoig dl): 260°Col| A 2]
27 A Ade eI AVEAAd 59

FE v %}E:W 31

= MoSy(ol33lEgnd) : 2 g S Z2uA
Lo A 400°C AR 2o o|2Y|71XA] ¥ b}
FAAFE YA $38A4 a9E HlMeE F
2AdE Mg Fart e

s B g0 33 Zola] oA

A% AREZ} $5et, ool Faol Hlstel
Augol At o@sl GRFEC A FRE
AN FA% exdged Aos HEFAA

o] 953 of Wl ¥& WY ARAH LEsh
5

1= [e] 1
o] EAE e

& 3 7k X A E A}%s}‘:’% ol
& §F AzZ31 A 2339 s *ﬁﬂﬂ
o] 2 Alg3le] fEAE =G 3 A B

% 2xge] FHz Hol de Ae A}%%}ﬂ
B0 Asdd Tng m=xFoan RW
&8 Ze] FAAHA sAc 2 F &EE A
Ake Wt FYFE WHoR L3} HIZEERC

AR s,

3. EEHANE A8 27t ZE=EEY

3.1 EEA A0 mE 49y

AFL100, 150, 200, 250C9] 2%oA 237 U=
=29 A¥ NS FP5L 1 ZAE Fig 3
of YJehigich. 2ol FHo =29 7‘01—5— =
2d€E g digel BAste WA
2ol Zdolg ouiditt. &5H é»}a B 4
2o R Lxrt FUHESE od 579
7 AE Hol: F/IEIR e 250TH HE 23]

3

g A B 5 A9k ole JEY A7 4
PO vt gt Frabst
Ag AHEEA F%S wWro FTA
ALRS W AP FAHE AL BIY
ATt AFAQ wwe 913 PTFE & AM&

=d Hg fzER9 ZolE F&
o} @3] Fig. 39 L}E}LH%‘IEP a¥s
3E

A AEAe 2 200°C

T L——‘—

ol
=)
(‘t{o

(o]

o [

1

A vEbgE, o 3w AeE Ho
29 4oyt SUtRtk. o2 AZsd o]u
ZH X]'i-ﬂo }\gﬁé O] ],]—BH .Q_E 17.}01]}\_1\_

Brofr ol Hr fmogh 38 > ol



o
ofoh

—_ 504 —a-—Chenetal. [7]
£ —e— Experiment (No lubricant)
E, 404 —"—Experiment (PTFE)
-
o
3 3
0 -
(a] A
£ 5 5}
i ]
8 /
®
0 404 A / o .
= el g @
S ®
0 T v T T . .
0 50 100 150 200 250 300

Temperature [TC]

Fig. 3 Maximum drawing depths at elevated tempera-
tures compared with the work by Chen et al.[7]
(No lubricant vs. PTFE)
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Fig. 4 Maximum drawing depth difference for differ-
ent lubricant at elevated temperatures
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Fig. 5 Pictures of the AZ31 specimens after the deep
drawing using PTFE, graphite and MoS, for
lubrication at 150, 200 and 250°C
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