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Minimizing the required forming force in the sheet hydroforming process using
a fractional factorial design
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Article Information Abstract
Original Research Paper The optimal forming of the metallic parts with the lowest required forming force has always been the focus of
Received: 3 June 2023 researchers. In this paper, effective parameters in hydrodynamic deep drawing assisted by radial pressure of

First Decision: 19 June 2023

Accepted: 27 June 2023 cylindrical cups with a flat head with minimum required forming force have been investigated. At first, the

necessary experiments were designed using the fractional factorial design of experiment. In this design,

maximum fluid pressure, punch velocity, punch nose radius, friction coefficient between punch and sheet,

lS(lfeyt;v ‘l){r;dsr.oforming friction coefficient between die and sheet, and die entrance radius were considered input variables. An

Punch Force experimentally validated finite element model was used for performing the designed experiments and

Fractional Factorial Design extracting the maximum punch force for each experiment. Finally, by using analysis of variance, the main and

Finite Element Simulation the interaction effects of the parameters on the maximum punch force were determined. Results showed that
the maximum fluid pressure and punch nose radius have the highest influence on the maximum punch force.
Decreasing the maximum fluid pressure from 39 to 15 MPa, leads to a decrease of 55% in the maximum
punch force. Also, by reducing the punch nose radius from 10 to 2 mm, the maximum punch force decreases
by 55%.
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Fig. 1 Schematic of the hydrodynamic deep drawing assisted by radial
pressure
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Table 2 Fractional factorial design of experiment
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Fig. 3 Distribution of equivalent plastic strain in the sheet a) onset, b)
middle, c¢) end of process
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Fig. 5 Effects of maximum fluid pressure and punch nose radius on
punch force
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Fig. 6 Effects of speed and friction coefficient of the punch on punch
force

wajﬁfwsf&!a.alwfajw)mﬂb;w

Main Effects Plot for Punch Force (kN)
Data Means
i Die coefficient (E) Die entrance radius (F)
115
114
113
510
3
=
111
110
109
108
107
0.02 0.10 2 9

Fig. 7 Effects of nose radius and friction coefficient of the die on punch
force
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Fig. 11 Deformed cup after minimizing the force using optimum levels
of the parameters

zsbw 5l oolaiwl b g5 (g5lwaiaS 51y ool ooy IS0 lwid 1Y) S0
b o)y asege

& 5 4t -0
Wl aiciy JLa9) (395 slayall oSl Wlie cnl o
5 Byg o Shael oo s a8 ek s S
(mrle adss glads 5 B 5 59 m SBaol cupo caen
b (Sooladg,oep Bros RS Al )0 dis (G955 $9) g2
b oy & talesl Lk 5l e b ey sl L
Sgazs slixl Jaw sl eolanl b byl lzl g oS Sole
U [ ROV, 2 FES OV [N S PO U3 R RV S TRE S
lajloges 9S85 Oy din (595 Gl @l sl bl
5 Ll ga ooy b kel s Ul e o Lol 0l 51
145 o paseie il Ul eioren
Oy e Al eld  Jlw anin lad )
P e S dde 69y » el 053830
GRS by &5 Slag b glalgial Dbk as S
bl os (olad JLad b (Sealsg s Goos

3 5 JoblSe 10 b YA 51 Jlo iy Jlab ialS Y

&t ke YUV Sl e a8 glad rals
Dyl on MO0 (e 4y i (55,08 aiion SRS

5 ol Sl (g yo b i Saol (y,s glayell X

Flize jl G pile aigS glads b aiw Slaol g o 5

IRUR

Sao gy 45 50,0 b Shaol gy i3l L ¥

FVe Ol di S958 Glie a2l o5 mhaw jo At

Sliomyle asss elad 2l b omen sl o 2alS

blie Sl3 Gl loges i 4 Ve 9 4 Gl S8 o

oy 35 B SKaol o yo b ac SKaol oy
do IS 3bs el o] s Sl alsS el b aiw SISkl
&SS90, B SKhol coys Gl b as b cosliv
A $9, Glime Bl oS mhaw o ace SKhol g,
o Fle 498 elad (ldl b (izen sl oo 8IS St
A Goye dib oS maw o adn SKhasl oo S
Goym Bl oby mdaw o avn SKhaol o Sl ol

bge el d

Interaction Plot for Punch Force (kN)
Data Means
(D) Punch
175 coefficient
—— 0.05
— 0.20
115.0
e 1125
5
o
=
110.0
1075
105.0 . .
0.02 0.10
Die coefficient (E)

Fig. 9 Interaction of friction coefficients of the punch and die on punch
force
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