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Welding Characteristics of Polyurethane Coated Copper Wire Specimens Using 40 kHz, 60 kHz and
100 kHz Complex Vibration Welding Systems - Ultrasonic Welding Using Complex Vibrations -
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Shigeru IHARA, Yoshihide SAKAMAKI, Yoshiki HARADA, Kohei Kasahara and Jiromaru TSUJINO
Kanagawa University, Rokkakubashi, Kanagawa-ku, Yokohama

Welding characteristic of thin coated copper wires were studied using 40 kHz, 60 kHz and 100 kHz ultrasonic com-
plex vibration welding equipments with elliptical to circular vibration locus. Insulated thin wires with various plastic
coatings are used for various applications in electronics and furthermore in microelectronics. The complex vibration
systems consisted of a longitudinal-torsional vibration converter which has a diagonal slitted part and four welding
tips at the free edge, stepped horn (vibration velocity transform ratio: 4) with a supporting flange and a bolt-clamped
Langevin type PZT longitudinal transducer (diameter: 30 mm) for driving the complex vibration converter. Polyure-
thane coated copper wires of 0.036 mm outer diameter and copper plates of 0.3 mm thickness were used as welding
specimens. Required vibration amplitudes of 40 kHz, 60 kHz and 100 kHz welding equipments are over 4 pm, 2 pm
and 1 pm (peak-to-zero value). The copper wire part is completely welded on the copper substrate and the insulated
coating material is driven from welded area to outsides of the wire specimens by high frequency complex vibration.
Weld strengths obtained were almost equal to the copper wire.
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Fig.1 Configuration of a 40 kHz ultrasonic welding system using a
longitudinal-torsional vibration converter.

Fig.2 Configuration of a 100 kHz ultrasonic welding system using a
longitudinal-torsional vibration converter.
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Fig.3 Cross section of 0.036-mm-diameter polyurethane coated cop-
per wire.
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Fig.4 Free admittance loop of a 40 kHz complex vibration system
under loaded condition.
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Fig.5 Free admittance loops of a complex vibration welding system at
(a) no load condition annd (b) loaded condition with a power factor
compensating inductance.
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Fig.6 Radial vibration velocity distribution along a 100 kHz longitu-
dinal vibration system of 30 mm diameter with a stepped horn. Driy-
ing voltage: 10 Vrms.
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Fig.7 Torsional vibration velocity and vibration phase distributions
along a 100 kHz complex vibration converter with a slitted part of 2.0
mm depth. Driving voltage: 10 Vrms.
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Fig.8 Vibration locus of a 40 kHz complex vibration welding tip at the
[ree edge of the converter. Driving voltage: 50 Vrms.
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Fig.10 Relationships between vibration amplitude, input power and
weld strength of 0.036-mm-diameter coated copper wire specimens
using the 60 kHz ultrasonic complex vibration welding equipment.
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Fig.11 Relationships between vibration amplitude, input power and
weld strength of 0.036-mm-diameter coated copper wire specimens
using the 100 kHz ultrasonic complex vibration welding equipment.
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Fig.12 Relationship between welding time and weld strength of 0.036-
mm-diameter coated copper wire specimens using the 40 kH: ultra-
sonic complex vibration welding equipment,
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Fig.13 Relationship between vibration amplitude and weld strength of

0.036-mm-diameter coated copper wire specimens using the 40 kHz
ultrasonic complex vibration welding equipment.
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Fig.14 Relationships between welding time, input power and weld
strength of 0.036-mm-diameter coated copper wire specimens using
the 100 kHz ultrasonic complex vibration welding equipment.
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Fig.15 Welded conditions of 0.036-mm-diameter polyurethane coated

copper wire specimens joined using by the (1) 40 kHz , (2) 60 kHz and
(3) 100 kHz complex vibration welding tip.
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