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Fig.1 Forced insertion system.
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Fig.2 The appearance of ‘processing materials.
(Left:Metal rod, Right:Metal plate)
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Fig.3 Modal analysis result of
longitudinal vibration.
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(b) Y-axis.
Fig.4 Modal analysis results of bending vibrations.
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Fig.5 Modal analysis result of
longitudinal vibrations.
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(a) X-axis. (b) Y-axis.
Fig.6 Modal analysis results of bending vibration.
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Fig.7 Vibration veiocity method in
bending direction.
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(a) Measured vibration velocities at 26.9kHz.

a

Y-axis vibratlion velocity [mm/s]

=40

=50

X-axis vibration speed [mm/s]

(b) Lissajous figure at 26.9kHz.

Fig.8 Vibration velocity of bending direction
using straight-grooved horn.(Top of horn)
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(a) Measured vibration velocities at 26.9kHz.
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(a) Measured vibration velocities at 26.9kHz.
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(b) Lissajous figure at 26.9kHz.
Fig.10 Vibration velocity in bending direction
using straight-grooved horn.(Top of rod)
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Fig.9 Vibration velocity in bending direction
using circle-grooved horn.(Top of horn)
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Tablel Result of measurement of
vibration velocity of longitudinal mode.

Vibration velocity [mm/s]
o

N
o

L'
Horn type Straight_ Circle- > 0 20 4; 60 80 100
yp grooved grooved Time [us]
BLT Voltage [Vrms] 180 182 (a) Measured vibration velocities at 26.9kHz.
BLT current [Arms] 0.28 0.29 50
BLT power [W] 4.0 4.1 a0

52 £EHELIGDIREEEDAIE

R — 5 b D 4R B ol B E & IR SR
CFig.7 \Z-T Xk o ic@miein coiT s
[ OIRENEE DR E 2T > T2, EARES R —
OB L OMHEEM R — ORIER A U Y

v

Y-axis vibration velocity [mm/s]

/:~2l%aut%n%hF@mi@w\ 0
o & %) ‘j‘ - O)ﬂ&‘ﬁ 75} E$§G:{£i§ L/’ X-axis-\-j:bration velocity [mm/s]
SO \T@%@W{mg%* L (b) Lissajous figure in 26.9kHz.
TWBZ Ebhol. Wik— I RBIEE

Fig.11 Vibration velocity in bending direction

TRFEM ST UNTR - . .
REPEREL TR T using Circle-grooved horn.(Top of rod)
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Table 2 Result of forced insertion test.

. Straight- Circle-
Horn type Conical grooved | grooved
Rod diameter 12.025 12.025 12.025
[mm]
Hole diameter 12.000 12.000 12.000
[mm]
Pressing force
800 800 800
[N]
Depth [mm] 2.91 3.56 3.74
Inclination 1.05 0.40 0.20
[deg]
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