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Development to Hole M achining by Ultrasonic Complex Vibration
-Vibrator Driven by Two Resonance Frequencies-

*Takuya Asan, Hikaru Miurd

Abstract: Complex vibration sources that use diabslits as a longitudinal-torsional vibration certer have been applied to ultra-
sonic motors, ultrasonic rock drilling, and ultnasovelding. However, there are few examples ofbyication of these sources to
ultrasonic machining in combination with an abrasiccordingly, a new method has been developeth&mhining of holes in
brittle materials by using the ultrasonic longihaliand torsional vibrator with a diagonal slicohverter. In this paper, the complex
vibration characteristics were measured at the afatbe vibrator driven by the signal adding loadihal and torsional resonance
frequencies.

1. Introduction

Currently, the combination of ultrasonic vibratiamd Bolt-clamped
polishing slurry is used as an effective methodnia- Langevin-type Uniformrod
_ o _ _ _ ultrasonic transducer with diagonal slits
chine holes in brittle materials. We have invesddahe ! Flange
use of ultrasonic longitudinal-torsional vibratoittwthe \

diagonal slits of converter for the machining ofes!

So far, the vibrator had been driven at a singiemance
frequency. Therefore, the vibration trajectory arfiditu-
dinal-torsional vibration of the tip side had beeom
straight line trajectory or elliptical trajectoy order to

Exponential horn

Fig. 1Ultrasonic vibration source.

further improve the machining accuracy and machBinin  Transducer side Tip side
speed, we assumed that the intricate vibratioedtajy S, Diagona\l‘ slits S,
obtain by applying two different frequencies. listha- \ 12 mm \\\

per, the vibration trajectory was measured at #Hee ©f h - f

the vibrator driven by the signal adding longitwadiand 0 X [?ﬁ;m] 120

torsional resonance frequencies. ) ) S )
Fig. 2Uniform rod with diagonal slits

L . slits center positiorx = 58 mm).
2. Ultrasonic vibration source (sl posit )

Figure 1 shows the ultrasonic vibration source. The
trasonic vibration source consists of a 20 kHz
bolt-clamped Langevin-type transducer, an expoaknti
horn for amplitude amplification, and the uniforodr
with diagonal slits. Figure 2 shows a uniform retitg
center positiork = 58 mm). The dimensions are as fol- i - T

. . . and the slits condition used in this study.

lows: length, 120 mm; cross-sectional area of taosr

. . . . Oscill 1
side, S;; cross-sectional area of tip sidg; and the _

] ) ] Adder I:l Amplifier

cross-sectional areas rati§/S;, 1.0. The horizontal axis

in Fig. 2 indicates the measurement positi@aiong the

Center positionx = 58, 30 mm
Slit length: 19 mm

Slit groove width: 0.5 mm
Slit depth: 3.5 mm

Slit inclination angle: 35

Slit number: 8

Fig. 3Appearance of the diagonal slit part

length of the sources. # - v Pl

The exterior appearance of the diagonal #its Cova Oscilloscope
shown in Fig. 3. Furthermore, slits center positomas
the two conditionsx = 58 mm is obtained the maximum

Fig. 4Measurement circt.
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complex vibration at the longitudinal resonancetha Table 1 Measurement condition.
case ofx = 30 mm, the only longitudinal or torsional vi- Slit center positioix = 58 mn
. . . . . Longitudinal Torsional| Longitudinall
bration are obtained by Iongltudlnal or torsionasan- resonancg resonande  + Torsioral
ance, respectiveif}. Frequency [kHz]| 19.25 18.55 [19.25+18.55
Input voltage [\.] 25 25 25+25

3. Vibration trajectory of longitudinal-torsional STt confor podliop: = 30 n
vibration at thetip side Longitudinal Torsional Longili-tudirjal
resonance resonange + Torsiona
The vibration trajectories were generated of thestile Frequency [kHz]| 19.49 | 19.10 | 19.49+19.1p
of the uniform rods in case of the signal of atltdreyitu- Input voltage [ 25 25 25+25
dinal or torsional resonance frequency and theasigh
adding the longitudinal and torsional resonancquiea- Longitudinal
cies. The measurement circuit is shown in Fign4the ’es°”a”<
figure, an experiment measuring longitudinal-tanaio /

vibration amplitude at the tip side was conductéy /

N

two laser Doppler viborometer (LDV). Table 1 showe t

Torsional vibration
amplitude um]
o

measurement conditions. Measurements were camied ¢ -2 .
at these conditions. Figures 5, 6 and 7 show th&aton 4l ::gif:ﬁcle
trajectory for the longitudinal-torsional vibraticat the -4 =2 0 2 4
tip side. The vertical and horizontal axes represea Longitudinal vibration
torsional vibration and the longitudinal vibratiampli- amplituce ]
tude, respectively. According to Figs. 5 and 6, \tlea- Fig. 5 Vibration trajectory in the case»of 58 mm.
tion trajectories are a simple straight line tregegc or |
af

elliptical trajectory in both cases of slits cenpasition
and resonance frequency. This is because vibratend
by a single longitudinal or torsional resonancedency.
On the other hand, Fig. 7 shows the intricate tiima
trajectory. It was found that an intri-

Longitudinal |
resonance

T\t‘\/
> —

N

Torsional vibration
amplitude um]
o

|
n

cate vibration trajectory is obtained by the sigadtling Torsional
longitudinal and torsional resonance frequency. Jite 4 resonance
center positiorx = 30 mm is lager vibration trajectory -4 =2 0 2 4
compared tox = 50 mm. We considered that the maxi- '—0“9:?:”3‘”? \fbraﬂon
amplituae pm
mum longitudinal vibration can be applied effectjvior P
the processed object in the cas& 8f30 mm. Fig. 6 Vibration trajectory in the case»sf 30 mm.
4. Conclusions 4r |
The vibration trajectory was measured at the casleeo 5 e
. : . . . 88— 7
vibrator driven by the signal adding longitudinataor- s E
sional resonance frequencies. In the result, at&Fiwvi- %% o :
o}
bration trajectory was found to be obtained by wpgl 2=
the two resonance frequencies. c & _2: y.
4 x=‘58‘mm‘ ]
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