The square cup deep drawing by variable blank
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The Square Cup Deep Drawing by Variable Blank Holder Force
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Hikaru NISHIKAWA, Hiroshi KINOSHITA
College of Science and Engineering, Kanazawa University
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In the deep drawing, the low blank holder force (BHF) will cause the wrinkle, while the high BHF will result
in the tearing. Therefore it is important to determine the appropriate BHF in the forming. In this paper, the
variable blank holder force (VBHF) approach for the deep drawing is employed. The simple closed-type
algorithm is developed to obtain the VBHF trajectory. The proposed algorithm is roughly divided into two
phases. The objective of first phase is to check the wrinkle and the tearing. In this phase, the low BHF,
which causes the wrinkle, is used as the initial BHF. The BHF is increased in order to avoid the wrinkle.
The algorithm will be terminated when the tearing occurs. The distance between the die and the blank
holder is used to measure the wrinkle. Then, the second phase is considered. The main objective of
second phase is to examine the thickness deviations. It is expected that the BHF will be decreased by
considering the thickness deviation. The wrinkle is also checked in the second phase. By iterating above
two phases, the VBHF trajectory can be obtained. One of the advantages by the VBHF is to reduce the
forming energy. The validity is examined through the numerical simulation and experiment.

Key Words : Deep Drawing, Finite Element Method, Computational Mechanics, Plastic Working,

Computer Aided Engineering, Computer Aided Analysis

1. #8

A, BESRR TR 7 E ORE L Eic BT
BTAT 4 TRAIEHFED—DSL LT, avbEa—Hy
a2 b—var (CAE) Hifrnniz o3 EIA <&
HEhTnwa., BMuENToSs% CiX, EEMEEZNT
T HHIDO A IR AZ R ET DO ORFTFEED —D
E LT, CAEHMIATERH SN TWD . — IR
TTI, MBHIT T 7 R E—L 54 228 ENT
BY, MEtEIZ %7 77 kK% —75 (Blank Holder
Force:BHF) % U0 iH%E U CE&TIRICHM B 23t LiATe
ZETMIT S, REMITEERICBNT, MLdho
BHFIE, 2 TREICx L T—EMNH Y4 Toni5HE
MEZWH, BHFRKRET X5 EMEHZEIRAEL, —
JFCBHFRA/NS T ELEMBHZ LR AL TLE D
72, MEHZEINS LOBFEAE LR WL 9 RBHFO K

XXERETHIENEETHD.

* RFEsAT ER? 2HE?2 A H

FUER, &@RKFEBETHZEE (T920-1192 &RTAMET) .
*pA B, BRKFERERBARBEHER (T920-1192 &R
Hif e .

E2E,

(BR) ==Y L% L (T923-8666 /AT
J\H BT HEG5) .
ISR, v VEK (K
J\H BT HEG5) .

E-mail: kitagon@t. kanazawa—-u. ac. jp

#EEKBU (T923-8666 /DMATH

Wang5 (X, BHFOKE X « XA ha—7 « MEHIRA
THEN - LboDMiciE, EARIZ i)l(a)’\*(d)ﬁlﬁ
TEXORB/REHL EEHRLTND . Tbb, M
BHIIE, BN LbBREAELRWE D 2RBEBBFIEL
(19 o> Safety Region) , & DFHIKAN TBHFO K& X
ERETNEENASLLLOBRBELRNI L, EHIC
Obermeyer & (2 L ALl i@,) H/PBHF CHEIZ T3 5 Z &
MEWEINTND . MEOENLLDLENE, »
OJ:D(%E< KD LaEZATYyE, Ml(a) TiE, #h
AEREIR & USRI A BT D K D R —EDBHF D
k%é’%ﬁob‘ﬂl‘iﬁi%ﬂﬁ’é“@%@, (b) R (d) D&EH
X, A bE—27ZECTCBHFO K& S & E{bEH 54
ERdbDH. E£7o(c) OHAE, BINFBAEFEEE L3
AR RZEZL TVWD D, ROMLEZETT 52 &
MTE.
Obermeyer%ﬁ?ﬁj’% LTWb X oIZ, H/NBHFTHE

ML+ 57-9I121%, BHFO KX X2 X ha— 7T
LT%Méﬁé%E#%é ZOZ e, BlxIEK2

(R4 X9 ITHEEDBHFIZ %\ Bl LC, #BHFIZxtL T
W kE&E2FELEZY , A b —27 G CTH
BT Z U RNV —J)(Variable Blank Holder Force:
VBHF) O#LEA KD D Z LB —DOOREHE L 70D 2

CERRBLTCED, TF, BENTyIar—vay



A A
BHF Tearing Region BHF
Tearing Region
. Minjmum BHF Safety Region
Safety Region
— Minimum|BHF /\
/[ Wrinkling Region ] R \/[ Wrinkling Region ] R
Stroke Stroke
(a) (b)
A A
BHF BHF Tearing Region
Tearing Region \\/
) Safety Region
Safg¢ty Region
Mini BHF Mirlimum BHF
inimym
\ [ Wrinkling Region ] y[ Wrinkling Region ] _
(c) Stroke (d) Stroke Fig.2 Segrﬁented blank holde forces

Fig.1 Four basic types of BHF formability windows
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Fig.4 Dimensions of the molding
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Table 1 Material properties of SPFC440

Density: o [kg/mm’] 7.84x10°
Young's modulus: £ [MPa] 2.06x10°
Poisson's ratio: » 0.3
Yield stress: ¢ y [MPa] 353
Tensile strength: o 7 [MPa] 479
Normal anisotropy coeflicient: r 0.98
Strain hardening coeflicient: n 0.189
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Table 2 Element type and nunmber of finite elements

Blement type Number of finite
elements
Counter punch Rigid 120
Dies Rigid 924
Blank Shell (Belytschko-Tsay) 2116
Blank holder Rigid 432
Punch Rigid 962
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Fig.6 Comparison between simulation model and experiment

Table 3 Errors of length

Error for x-direction 3.3 [%]

Error for y-direction 0.1 [%]
Error for z-direction 1.2 [%]
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Fig.7 Measuring point of the thickness

Table 4 Errors of thickness between simulation and experiment

Measuring point A B C D

Simulation [mm] 1.12 0.93 1.12 1.35
Experiment [mm] 1.14 0.93 1.11 1.30
Error [%] 1.75 0.00 0.90 3.85

ERREHE RN T. FTIRTHERITBIT DK
JERREEZ RART. TNOHORRLY, KimXTH
WHY I a2lb—varETNMEIRYETHDLEEZD.

2.4 E—>avERE HARE Ty B —IN
FOEBRIZBIT5EF—Y a VREERKSITRT. T
THRILE—Ta VREXEEL LTHN TS, #
BhE 7T 7RV E =g UG, TR E THE
L, MEtE T T 7 RN —DBMPEKTIDETO

— 350 Velocity of Die, Counter Plunch, and
é 300 [ Blank holder |
|
= 250 . .
2 200 F Velocity of Die and |
3 Counter Punch I
2 150 1
100 [ !
50 |
0 1 1 1 1 1 1 1 1 1 1 1

Bottom dead center
0.00 0.20 0.39 0.59 0.79 0.89 1.09 124
Time[s]

Fig.8 Motion of the die, blank holder, and counter punch

B 2%t & Lz, fiThickBnWC, A4 AT
B =X F ORI E v, R v, (ZEILEILR
DB THD.

Vigie = 267[mm / s] (2)
Vinax = 339[mm / s] (3)
2.5 LbOHE EFLdlyrialb—varic

BWT, LLORBAELEEEORREZXKIICRT. =
DL X, BHF=20[kN] ~ETH YV, ERIZEBWVTHL
DORFEAL TS (K10) .

Wrinkle
Die

~

Blank holder
Fig.9 Wrinkling by the simulation

Fig.10 Wrinkling in the experiment
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Fig.13 An illustrative example of Variable Blank Holder Force
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Fig.14 Trajectory of VBHF using Eq.(7)
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Fig.16 Trajectory of VBHF using Eq.(8)
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Fig.17 VBFH trajectory in the cases of various M values
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Fig.18 VBHEF trajectory on the experiment using Eq.(7)

Fig.19 Square cup by the experiment
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Fig.20 VBHEF trajectory on the experiment using Eq.(8)

Fig.21 Square cup by the experiment

Table 9 Comparison of the length

X y z
Simulation [mm)] 54.7 77.4 59.0
Experiment [mm] 57.0 77.5 59.3

Error [%o] 4.0 0.1 0.5

Table 10 Comparison of the thickness at the measuring points

Measuring point A B C D

Simulation [mm] 1.15 | 0.96 1.10 1.30

Experiment [mm] 1.15 | 0.95 1.08 1.31
Error [%] 0.17 | 1.16 [ 1.20 [ 0.69

FloOlZZENEFNRT.

Table 7 Comparison of the length

X y z
Simulation [mm] 54.8 772 59.0
Experiment [mm)] 57.0 77.6 59.2

Error [%] 3.9 0.5 0.3

Table 8 Comparison of the thickness at the measuring points

Measuring point A B C D
Simulation [mm] 1.14 | 0.96 1.11 1.30
Experiment [mm] 1.15 0.96 1.09 1.30
Error [%] 0.35 | 0.21 1.84 | 0.38
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Table A1 Comparison of the length
X y z
Simulation [mm] 56.2 772 59.0
Experiment [mm] 59.1 78.0 59.2
Error [%] 4.9 1.0 0.3

Table A2 Comparison of the thickness at the measuring points

Measuring point A B C D

Simulation [mm] 1.12 0.93 1.13 1.31

Experiment [mm] 1.13 0.79 1.08 1.31
Error][%] 1.24 [ 17.51 ] 435 | 0.08
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Fig.A3 Trajectory of VBHF using Eq.(8)

Fig.A4 Square cup by the experiment



Table A3 Comparison of the length

X y z
Simulation [mm] 54.8 77.2 59.0
Experiment [mm] 57.0 77.6 59.2

Error [%] 3.9 0.5 0.3

Table A4 Comparison of the thickness at the measuring points

Measuring point A B C D

Simulation [mm] 1.13 | 0.95 1.11 1.30

Experiment [mm] 1.13 0.82 1.08 1.32

Error [%] 0.09 11591 [ 2.68 1.82
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