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A Study on the Forming Limit Diagram Tests of Metal Sheets
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Abstract

A forming limit diagram (FLD) defines the extent to which specific sheet
material can be deformed by drawing, stretching or any combination of those two.
To determine the forming limit curve (FLC) accurately, it is necessary to perform
the tests under well-organized conditions. In this study, the influence of several
geometric or process parameters such as the blank shape and dimensions, strain
measuring equipments, test termination time, forming speed and lubricants on the
FLC is investigated.
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FLC, =(n/0.21)(23.3+14.1*t) (21)

fE o K
2
o
o
o
N
o
30{:’
>
v
oX
oft
o
'y
k1

ox, M
e
oo

tlo
I, offl <o
=
o,
oft
&
R
Il
il
[
2
-
&
o
2
=

©O:

o N, o
N
2,
HOEE oo ok e O 8,

g H_\Q‘mi
I
El
Om!
(M4 i fou off (B O o2 ofh 2 rlr v

30,

H

)

T,

o,

e

2
S}

x

— &
fo 2 ¥9 ot

)
)
to 1 off Ho ot ¥

fz
o

& A el A

drﬂd
%

4 o 2
o &

oft
ot
[
2
=)
A
U He oo
2
i)
o, M

B
2
Lo,

o ¢

FB':‘\O‘L

koo, it 1o
Lo g

my
o ot

tlo o
v
N
A

2

I 2 w2
D
HE R g

2

oft
rroox

&
30,
o
|d
u
o2
S
]
A
K

o n2 (E it lo B L ki odo D ok
@
s
=
®
=

10, oo
w2
o
o
ol
o
R
o
il

31 FTLHEEART ¥ ™M
dEelMe] AEdAEE waE 447

(SN

F QoM ol BA AzQANAE AFSHD 9
oo ey meelds) JYeAEE AAs F
o eEg AU A FAT F A= 4D A
A9k W9l Aol Xt Was] WEe] 5w
Mg 2FA SaAE Qouly] WEth 53,
s3] medlx 4YAel Fo ARmE
25 Wl nE JPAAEA e Fastn, o
2 e A9 e gl g sa
Y I@E B ATe] waaa g W
A 4PAY A, 3ol A=AE HYet
e eE AR HABEE 500CHAS A
ol Fhsaie, 4AHEE 001~ 15mm/s 9ol

&l by

AoAd g st AL AFEE, HAH e
= ARE G ® wlelEIE AdE, ol2d

Ax AlgdHe] #ek A

(b)

12! 3.1 Formability testing equipment (a), and
FLD test tools (b)

dolels AFSALE A FelA tFo] "HoAE
Aol A AES FHtermination)dstE A FE7F @

o},

ofy

£ A8 @ & gk ol
&0 BF F99 4 AedUzrE 60 14

o ZpFAH e AN FHE W2 BEUh

AA AE Al FAEE

o dxTge FHHFE

S5 stvE oo 12 A4y E =

H] =(clamping bead) FEolA 2] s}gto] uHAY
3]

S27F ke Aot webd HETE fle 3

,51,



[e]

=
-

), A30H AZ, 2010.

2
o

]

i

=4
s

18] 7] 69l (4]

A
g

2
=
=
=

12l 3.3 Example of grid patterns

o o =2 N =~
= %W yEﬂ%‘oU7VLp
= G]&loﬁ
c w N o x @k & %o
9] H ﬂAm_ﬂu,muAch
3 o S & oi@ﬂ%
s L 5@@oﬂﬂq&4a
= % k%] T =T o o . 7o
2 g %Saﬂhﬂﬂ@r@gmaﬂ
e P R G T ATk
I c N 03 T X B0 < i
S 3 ol o e M
£ S %a«]%@ﬂ% &1
5 ji wmﬂmnan_/zhﬂ_me:ﬁ]ﬂ
® = ol B
o o w?%mo%qﬂg
5 o _A_oﬂhm%@uﬂoﬂ‘o Moo
: s MEarEqEwTiH
3 8 m g TR E L ®
= LR TR T
< 208 Wy m A o 2 o
- @ﬂ@mﬂaﬂ@%%%
[ Wrow e = K E
M GELW .mﬂﬂoz_.nﬁﬂw&l
w XTTETWTMNETFD
A _ .
Na WM@MM@Q%Zﬂlﬂa,olL,mh,_ﬁgﬂlﬂﬂﬂ‘_o#Ee,lL — .
x M%%%m%%ﬂﬂggﬂﬁwﬂ%aowqugwea
G ﬂﬂquﬁgm%méaAm#%%ﬁamW%ﬂE%%
o 5 g oS XEP B g EQSELE Ty
B il o BT — I RO ﬂedﬂﬂoﬂ y]‘mﬁ,ﬂ
B g5 P X BT LS T ETLT _a T
it /T SR L RER RE T o g M w s )
o X B I~ T m o .A_-mﬂo_uﬁ. — oEﬁo]FH;],mM
w T %W%%Aﬂ@%#S%Ewrafﬂ%ﬂwrma%%&mrmHx@u
iR = Lyl %_s%1.%%%@%%#%%5 N )
W Wk%Ag%A%}ME%aﬂ%ﬂ aﬂ¢4ﬁ%u%%ﬁ
;o]o‘.r o) X N Ko A P o= T 7
Xz %ﬂm%ﬂ%ﬂ%%%%@é@.ﬂvﬂmﬁmﬁmhﬁ%ﬂ@ﬂ%%ﬂ?
KA —m X T 2 & RN E T PR Hfﬁzﬂi (elelele)
= N g (ol el T =N T - nq < jus
T o Ko o5 o o Afoﬂlﬂ%sﬂe ©E L BN oz =23 Q000
T~ — ! o N T o o B
SF BEITroriEipTiplaiTrzicoiiiic
T o — A oy ° Nodox o X° ool P B P
[ mo%wr‘owr@ﬂrmomﬂmoﬂ.%urﬁﬂmaunﬂ:ﬂA_ %EN1A%11 W
= 2 T = R oo & Mo T Ry g M D SHee 000 bs'e's
s FmwWFq %%;é&yo;uﬂiﬂacfc1{@% Ao SbbD 8¢
op = = ®° o M %o T R o 9 < T N m e slele
S B D g p* g P wuT I el monnnese s
Bo Eaal m X ! s N T T2 SN e »
2 W == A Nl o a3 = u_.OtOtAHﬂw,_l ] sTe e/ X33
BE o 5&.@:@Wﬂ.7% M ewea o = m TR N X
7F %%%ﬂﬂag%ﬂwmﬂ%mwwﬂ%iﬂAi
< T e Ao K

= i
&l 3.6 Strain measuring equipment

,52,



MGl O gt e A w=EE), A30¥ AZ, 2010.

N
0x
02
o
i
n
>
%

ox
oft
e
)
1
>,
o
=2
>
e
o
=2
of
oot
tlo
=
iy‘
e

=
23 s A WEres AT ¥ oy
g A AdelE F FdFe vAT A4
He v NFew AHILw oot

|
(s} - (s}
(rolling direction, RD)ell thd AlH =43 ,
g 5ol F8 WMFE ALy, MIE A D

o
=S
iih)
o
2
of
odk
tlo
=)
™
2
=]
I
=
FlO of
N
e
)
o

I 4.1 Basic conditions of FLD tests

Material AZ31B Mg alloy sheet
Thickness 0.5 mm

Temperature 250C

Punch speed 0.1 mm/s

Specimen shape Nakajima w/ circular cut

Specimen direction | Rolling direction

Lubrication Graphite powder
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I 4.2 FLD test parameters

Specimen shape Circular & Parallel waist

Punch speed 0.1 mm/s & 1.0 mm/s

Termination time| Early, Standard & Late

Measuring equip | ASIAS & ARGUS

Lubricant Ointment, Grease & Graphite
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