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An Investigation into the Effect of Ultrasonic Vibration on Drawing
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Finite element analyses were carried out to investigate the effect of ultrasonic vibration on drawing force in large diameter
tube drawing. Ultrasonic vibration was imposed to a drawing die using ulfrasonic vibration horns. The horn was designed to
have desired amplification ratio and natural frequency using a wave equation. The drawing forces obtained with and without
ultrasonic vibration were compared. The effect of vibration amplitude and phase delay of two horns located in opposite side
on drawing force was investigated. Results showed that the drawing force could be reduced about 11% by using ultrasonic
vibration of 20 um amplitude and that the phase shift of two opposite horns had a great effect on the drawing force.
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Fig. 1 (a) Schematic illustration of drawing process, (b) finite
element analysis model
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Table 1 Material properties of each part’

Part Material ]();22?)/ Young(’(s} 1il;;)dulus Poriz:i(;n’s
Die Steel 7.8 210 0.3
Tube Al 1100 2.7 68.9 0.33
Horn Titanium 443 113.85 0.31
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Fig. 2 Drawing force-displacement curve without ultrasonic
vibration



ZHAUISHE|X| M35 M55

ro

May 2018 /495

o2 ule} Fao] WAsH/| RO R AR of
FO 14,500 NoJ}. QhElo] 7] 50 wiEske
fae a4z mET ol glojd v}
Fo] B fARE LherA o] WA
Q=R

1A
ol
ol
=
o >
m
r & &

WL BN
10_@
E

=

au)
M0 g T
oy
B
g
b ?m

pads
lo

=
€]

o

£

(1o

S

[
MW
El rlo
>
;%“
_1

FEAA A E(HomoE TS
23, e)3 2|54o] ik & o
a3k ﬂiom #1017 el

>
ot
0?~
mlo
75
315
;382
L
N
1;
fot
Lo :
o owx

c_1JE
T 57 54T 2
L 27 2 )
A4 E= B4, p= UE, f= T3R5 o= B4
Tto] &rolr}, o] ZZErl ol2uly}l Zejvke] Wan|& 1ot

2= 9lrk. o) A7) A] BO] BAZFIGT) 71710 IR0

ANW MNW
Power Supply 4'2
15~40khZ AC 50~60Hz

Electrical Energy

r‘o_ao—‘o—tno

Mechanical Energy

Transducer Booster Hom

mww o MWW
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Fig. 4 Shape and dimensions of stepped cylindrical horn
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Fig. 5 Modal analysis results for a designed step horn
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Fig. 6 Comparison of deformed shapes of (a) modal analysis and
(b) transient dynamic analysis result
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Fig. 7 Axial displacement as time of point ‘C’ in Fig. 6
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Fig. 8 Analysis model of ultrasonic vibration assisted drawing with
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