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Table 1 Performance and functions of new deep drawing
apparatus with servo valve

Fuzzy adaptive BHF F/kN 0.05~50
control Punch speed v/mm*min'! 0~1000
Controlable Amplitude A/kN 0~3.0
vibration Frequency f/Hz 0~5.0
Maximum load F/kN 100

L Punch  Blank
Vibration holder
rd I Dp | -
’ P D4 Die
Blank

Die diameter Da/mm 36.5
Die shoulder rq/mm 3.0
Punch diameter Dy/mm 33.0
Punch shoulder rp /mm 4.0

ig. 1 Outline of deep drawing with blank holder
vibration control

L\' o

—— Requirement BHF
- - - Vibration BHF

<>
Amplitude

Punch stroke

Fig. 2 Schematic of vibration patterns applied to blank

holder
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Table 2 Mechanical properties of material used

Yield stress os/N*mm 2 153
Tensile strength op/N-mm-2 315
Breaking elongation 6 /% 47
F value /N mm-2 410
n value 0.24
r value 1.97
(0=Fe™)
Table 3 Experimental conditions of vibration effect test
Frequency A/Hz 0.1,0.5,1.0
Amplitude f/kN 0.5,1.0,2.0
Constant BHF F/KN 7.0
Punch speed v/mm* s 5.0
45
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I LT
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Fig.3 Comparison between vibration BHF and const.BHF
(No lubricant, f=frequency,A=Amplitude)
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Fig.4 Cup height of drawn cup under various blank
holding conditions
(No lubricant, f=frequency,A=Amplitude)
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Fig. 5 Thickness distribution of drawn cup under
various blank holding conditions
(No lubricant, f=frequency,A=Amplitude)

Table 4 Experimental conditions of combination
fuzzy and vibration test

Frequency f/Hz 5.0
Amplitude A/KN 1.0
Minimum BHF F/KN 2.0
Punch speed v/mm-s™ 5.0

45
40 =
35 P Ay
IPunch load
g N
= 25 Fuzzy adaptive
= 20 control BHF
]
=]
= s / B
h f BHEF(Const.=2.0KkN) H]‘
1o BHF Fuzzy adaptive control BHF
S I\ et T T
0 il | . o
0 10 20 30

Punch stroke S /mm

Fig. 6 Comparison between vibration BHF and const.
BHF (No lubricant)
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Fig. 7 Comparison between Fuzzy adaptive control &
Vibration BHF and Fuzzy adaptive control BHF
(No lubricant)
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Table 5 Mechanical properties of material used (A5182)

Yield stress 65/ N+mm ™2 117
Tensile strength 65/ N+ mm > 264
Breaking elongation / % 30.1
F value / N mm > 398
n value 0.28
r value 0.6
(o=Fz®)
Table 6 Experimental conditions of continuous test
Frequency f/Hz 5.0
Amplitude A/KN 1.0,
Constant BHF F/kN 1.0
Punch speed v/mm-s™ 5.0
Lubricant viscosity n/mm’+s™ 26.8
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