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Optimization of pressure paths in hydrodynamic deep drawing assisted by
radial pressure with inward flowing liquid using a hybrid method
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ARTICLE |INFORMATION ABSTRACT

Original Research Paper Hydroforming is a convenient method for applying fluid to produce parts with high strength to w
Receivedl7 Januany2017 ratio. Hydrodynamic deegrawing assisted by radial pressure with inward flowing liquid proces
Accepted09 June2017 considered as a type of hydroforming. In this method, radial and cavity pressures are twi
Available Onlinel8 November2017 . H . X

important parameters, the values of which at any moment play an important role omlityedf final
K - part. In this study, based on a hybrid method, the cavity and radial pressure paths in hydrodynar
eywords: . X X L R S . .

Hydroforming drawing assisted by radial pressure with inward flowing liquid process are optimized. In this mett
Optimization adaptive simulation that istiegrated with the fuzzy control system with the ABC algorithm is use
Fuzzy control system determine the optimized radial and cavity pressure paths. The achievement of a cup with least -
ﬁsgpg\'/%";'itr:maﬂon and without wrinkling has been defined as the optimization goal. The validitadidl and cavity

pressure paths obtained from optimization algorithm is verified through an experiment. Results ¢

that utilization of the optimized loading path yields the part with lower maximum thinning and wi
wrinkling.
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Fig. 1 Schematic of the die set and pressure system
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Fig. 2 Schematic of the die set used
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Fig. 3 Components of the die set funch, 2 blank holder, 3die, 4
pressure gauge; forming machine .
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Table 1 Dimensions of the disetparameters
P B0CKN 3
(mm)
19.5 Rp
5 rp 1 OMPa 50MPa
22 Rd St13
5 rd 2 80mm 1.5mm
20 Rh
3 rh [23]
40 RO
d
[24] Q)
i _ (1) 1 Feasible paths
- 2 Artificial Bee Colony (ABC)

3 Universal
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Table 3 Anisotropy and yield stress ratios values for the sheet

St13

2 0V

Table 2 Mechanical and physical properties of Sthiget

0.972 fo kg/m3 7850 [21,7]
1176 e GPa 210 22,71
1.131 o
MPa 158
1.0376 Re2
MPa 539
1.0298 Rss
R 0.29
0.9742 12
0.32 [212
§ o o
=3 U W
o d
]
(2]
8
o L, e Cavity Pressure ) IR(
w L R v T r o
O 0 5 10 15 20 25 30 35 40 45 Y - T x,
Punch stroke (mm) "
Fig. 4 Radial and chamber pressures versus punch stroke [25] (6-3)
461 , '
Y =1 (3)
i
Y — (4)
[
, i
Y i ©)
. p
10mm Y a i (6)
BC' BC 5.6 cSt
48MPa 26MPa
B'C' BC
, P - 8
¢1ogY, WBS E
[15]
6-13°
1 St13
8
(8] 4
5
Punch Blank Holder
2 MPa [7]
4
AB OA
Fig. 5 The assembled finite element model [6]
5 0
1Young's modulus
3 Abaqus 2Poisson's ratio
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Fig. 6 Comparison of kinetic energy and internal energy
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Fig. 8 General shape of the radial and cavity pressure paths ;ggnf’;ﬂgde linear brick, reduced integration, hourglass control (C3D8R)
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Fig. 9 Flowchart of the presented algorithm in this research
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Fig. 11 R variation on cylindre circumference
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Fig. 10Geometric method for wrinkling study aylindrical parts
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[44] EB(’ ) 0 0 f w0 (15)
[45] . P Pt
w0 w0
40MPa
) (
b( ) U
3 )N0(2 le
(1 1 PI
10 ) (
a ) [31]
ar 13 12 [41]
£ A (
g Small Middle Large
[31] B A
§ 0 0 9.9 19.8 297 396
Neckina indicator
b [8l
1
2 [14]
2 Small Middle Large
a0 0 0.0025 ' 0.05
Wrinkling indicator
Fig. 12 The membership functions of- aecking, b wrinkling . 9
indicators 4
- - 12617 E
—1
g
=
5 [31
L [31]
% Negativi No change ositive
8
Yo L
a) 1

-1 -0.5 .0 0.5
Therate of the incremental cavity pressure
Therate of the incremental radial pressure

Fig. 13The membership functions of the rate of incremental ca ABC C6 U m 28 88 v
and radial pressures

13 01
46y °©
Table 4 Fuzzy logic rules for the control system [42]
b/ U 43 2Q05
No/P No/No No/N 0B(9 sB(® )
No/P No/No No/N
1 Negative
No/P N/No N/N 2 No change
3 Positive
4 Look up table
5Scout Bee (SB)
7Employed Bee (EB) 6 Onlooker Bee (OB)
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D D )
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a & &y ptk [51 _ F(X)
[46] 16( ) ABC
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14 . 15
14 Xi () =LB (j)+ a() (UB ()T LB())) (16)
Xi(i=1..SN
EB . SN
16 15 : i Xi (j) EB
[47] ¥ EB
Vi (j) = Xi (§) + pi () (Xi () - Xk (1)) @an
-1 ei ()
k)17(
Vi () j=1..D
Xi (j)
p " : N . OB .
¢ cWACAZ BiEdm  V
[45] 1§( )
Prob(i)=& EOT HOO” & EOTAOO (18)
Xi () Prob(i)
1§ )
17 . 4
)16(
)
30MPa
A( ) :
60MPa
5 . r(
19 18
Y ( ) (
I i EWD | i A@].
f I TEWD 1 1TA@RD] |
5 6y [0.1] Q
Table 5 Setting parameters of the ABC algorithm
! T Q
2 3 60 15 . 0=0.3

1 Triggering threshold
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