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Fig.1 FEM simulation model of circular-cup deep-drawing

Tablel Material Properties of AZ31-O

Temperature ['C]

AZ31-0 100 | 200 | 300

Modulus of Elasticity [GPa] | 11.1 8.4 4.7
F value [N-mm-] 4114 | 1942 | 882
n value 0.257 [ 0.173 | 0.112

Density [kg/m3] 1.78 1.78 1.78
Poisson’s ratio 0.3 0.3 0.3

Table2 Experimental results in circular-cup deep-drawing

Thickness : t, [mm] 0.5
Temperature : T [C] 100 [ 200 | 300
Blank holding force : 20
BHF [kN] '
60| 832 — 21.01
Diameter : Dy [mm] | 70 | 7.19 | 3047 | 8.73
80| 6.23 — 7.46

Table3 Example of database for height of
drawn-cup(of t,=0.5mm and T=100°C)

Thickness : t, [mm] 0.5
Temperature : T [*C] 100
Blank holding force :

BHF [kN] 2.0 35 5.0

60 | 832 8.77 8.75

Diameter : Dy [mm] | 70 | 7.19 7.39 2.00

80| 6.23 623 5.98

Punch - Blank

Blank holder
Die

Fig.2 FEM simulation model of bulge forming
Table4 Experimental results in bulge forming

Thickness : t, [mm] 0.5

Temperawre : T[C1 | 100 | 200 | 300

Blank holding force :

BHF [kN] 2

6.30 | 9.80 | 1190

TableS Example of database for ericksen value

Thickness : t, [mm] 0.5/1.0

Temperature : T[C] | 100 | 200 | 300

Blank holding force :

BHF [kN] 2
t,=0.5 6.30 | 9.80 |11.90
=10 738 | 9.80 [11.28

Blank
Punch

Blank holder

v
Die

Fig.3 FEM simulation model of hole-expanding

Table6 Experimental results in hole-expanding

Thickness : t, [mm] 0.5

Temperature : T [C] 100 | 200 I 300

Blank holding force:

BHF [kN] 24
Hole diameter :
d, [mm] 6 | 5.00 8.40 9.90

Table7 Example of database for flange height (of t;=0.5mm)

Thickness : t, [mm] 0.5
Temperature : T [C] 100 | 200 | 300
Blank holding force : 2

BHF [kN]

6| 5.00 8.40 9.90
10| 747 | 11.10 | 12.71
15] 807 [ 1221 | 1397

Hole diameter :
dy [mm]
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Fig.4 Diagrams of the fuzzy inference system (Deep-drawing)

g a min(H,,, - h, ) Z0

. ¢ b: min(H,, - h; ;) 20

o o >0 * ° (2)
§Hobj - ¢ minth, ;- Hyyy) =0

s a

3 d: min(h, ;- H,;) 20

°

E) 7 hy s height of drawn cup att,=0.5

T 0 03 t‘o 1‘.0 > . h, ;height of drawn cup att,=1.0

Thickness:t, [mm]
Fig.5 Diagrams of the data extraction
Table8 IF-THEN rule for connecting

at diameters

input and output membership functions

IF THEN

Heightof drawn cup [mm] | Diameter [mm]

Height of drawn cup: H [mm] :1 j 1
Fig.6 A set of input membership hz dz
functions for diameters h“ d3

4 4

Input information
Height - Thickness

Qutput information

T

Fig.8 Diagrams of the fuzzy inference system (Hole-expanding)



4. RTLOBEMNEOKRIEEER
4.1 HEFEKYMI

MR 0 N LS AT L ORI EHRT 5
T2 DI, LB DB 25888 & Hoy K OWE t, % A
L, #mshi-mhRTh D77 o7 B, MTIERE,
Lz /1 TEBRAZIT>7-. Table 9 2% D—1f| %777,
AN ME#RE Hyp=7.3mm, =0.5mm & L7zt &, HIEHR
E L THERZE DE73mm, MTRE T=136C, Lz h
BHF=3.2kN O L&A Him S 47z, Table9 THE7-IIT
FMHTEBREIToT-. TORER, ERTHLNER YR
SRR % Fig9 [, AT LToFTE O D FEE S Hy,
23 7.3mm Toh D DIZxE L, EBRIZ X DY Fém & Hyy
1X7.89mm TH Y, Higmn s AT AMIAN LR OMEEIE
FIEWER Y Rasm S ote., 1o, ANLEEED
FTEDFER ) Bim S RE VRS ICBWT, ANEHREY
Hy=21.5mm, =0.5mm & L7zt &, HAfE#RE L TER
De=60mm, ANTIRE T=265°C, L>#x 71 BHF=2.5kN ®
INT k3 HERR S 072, Tablel0 TE N L4 TRIEEIC
FEBRAEAT o7, TORER, ERTHE LR KA %
Fig10 (27”9, AN LT EOER Y HEE & Hy
21.5mm THHDITK L, FEBRIZ K DIEK D Héem S Hyy
1$19.8mm & 720, AT LT DER Y Basm S & g

Table9 Input and Output data by using inference system
(Input information: H,=7.3mm,t,=0.5mm)

RIRGIED o] ALTEBCTLC] LD
73 136 32

BIEH gy lmm]  HREtg [mm]

7.3 05

FAS

Height : H,,; [mm]| 7.3 Diameter : D, [mm] L
Temperature : T [1C] 136
Thickness : t,[mm]| 0.5 BHF [kN] 32

Table10 Input and Output data by using inference system
(Input information: Hop,=21.5mm,t,=0.5mm)

Output

Input |

BIEH i [mm]  #REty [mm]

| SiFEED  [ne) MUTEETIC) AR
215 05 || 60 288 25

Height : Hyyy [mm]| 215 Diameter : D, [mm] 60
Temperature : T [C] 265
Thickness : t,[mm] | 0.5 BHF [kN] y

_

Fig.10 Drawn cup2
(Without fracture)

Fig.9 Drawn cup
(Fracture point: 7.89mm)

RIEWVERE LN, L LARRS, B3I U OBEENE
CTEY, RVATLAOFEIC L HEER ERHEEE LT
ZEFons.

4.2 JRELMT

MR D I TEERIS, SR ULINTICRN TS, EED
BH LS & Hoy L OMRIE to DEUEZ AL, A S 7-m
TIRE CEREIT 7. Tablell (2ZO—fZR7. AN
fE#% Hyp=9.2mm, ,=0.5mm & L7z& &, HfFE#RE L
THNTIRE T=179C O3 Heqm Sz, Tablell T
BEMTERUETEREIT 1. ZOME, ERTELNLE
SR LB A & Fig 11 129 A LI ORI LR &
Hgy 23 9.2mm T 5 DIt L, FEBRIZ XL 25 LR S Hyq
139.25mm TH Y, AJ) LT & FFFITLVED G BT
4.3 RNIEFmMI

RIRF LTI, FEEDOHMOT T 2 V@ & Hoy K OHRIE
toDEMEE AT L, Hefm SN R E I TIRE CEBREAT
7. Table12 (2% O—filz 7”9 ATIEH % Hyp=10.5mm,
t=0.5mm & L7- & &, HfE#E L TrREBmm, MR
£ T=240°C O T2 HEdm S vz, Tablel2 TH7INT
S CEREIT -T2, FORER, FBRTHEONIIATR
BR % Fig12 \OR7. AN LIEHEOWMOYT 7 0 VR &
Hop 28 10.5mm T 2 DIZxt L, FEBRICK D07 Ty
S Hp 1 10.16mm & 7220, VAT AOZLMERFHEZET
.

Tablell Input data and Output data by using inference system

(Bulge forming)

Input Output

Height : H [mm] | 92
Thickness : t, [mm] [ 0.5

Temperature : T [C] | 179

Table12 Input data and Output data by using inference system
(Hole-expanding)
t

In

BEH g [mm]  #RFtg [mm] MTEETIC)

105 05 240

........... 7 ma |

Height : H [mm] | 10.5 | Hole diameter: ¢ [mm]| 8

| 7UE ¢ [mm]

8

Thickness : t, [mm] | 0.5

Temperature : T[*C] | 240

Fig.11 Ericksen value (9.25 mm) Fig.12 Flange height (10.16mm)
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Fig.13 FEM simulation model of square-cup deep-drawing

Ty

Filtering

Fuzzy logic
algorithm

Input information

Height * Thickness*Length

Qutput information

Temp * Blank Holding Force

mTege] RS

Extraction

BEH g [mm] 3Bt [mm]

sk iaeiERGa] R e T

Fig.14 Diagrams of the fuzzy inference system
(Square-cup deep-drawing)
Table 13 Input data and Output data by using inference system
(Square-cup deep-drawing)

Input Output
b Rl 18 o L¥Iz H
55 ; | DIDEETIC] et

(SDEE Lalmm] SBORE Lelmm] | T T 200 04

225 | 18.0 : 1

: ARFERONICHHEIT TR

Height : H@j [mm] [ 3.0 Length : a [mm] 225 Temperature : T [C] 200
Thickness : t, [mm]| 0.5 Length : b [mm] 18.0 BHF [kN] 0.4

Fig.15 Square cup
using Fluorine lubricant

Fig.16 Square cup
using GM-100 lubricant
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