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Abstract

Welding of dissimilar materials is an area of growing importance in the automotive, aerospace,
electronics, medical and other domestic appliance industries.

This study investigated the ultrasonic welding of dissimilar polymers. Two amorphous and two
semicrystalline polymers were used, utilizing all possible welding combinations. For each
combination of dissimilar materials, the weldability of the joint was evaluated as a function of weld
time, amplitude of vibration and pressure. The joint was also examined microscopically to analyze the
melting and flow of the materials.

It was generally found that welding of amorphus polymers with semicrystalline polymers resulted

in very poor joints. Welding of the amorphous polymers together and welding of the semicrystalline
polymers together produced good joints.
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Fig. 1 Lumped-parameter model for ultrasonic
welder
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Fig. 2 A simplified geometry for the energy director
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Oscilloscope(Hewlet Packard 1743A)

Pulse reciever(model #5052PR)
Transducers(0.5, 1.0, 2.25, 5.0MHz)

Ultrasonic welding machine(Branson 910M,
20kHz)

Boosters(1:0.6, 1:1, 1:1.5, 1:2)

Fotonic sensor(MT1 1000)

Tensile tester(Instron 4204)

AgAs2AE olfe] 47k Zelaglo] Ag=gl
o 21 7)AA AAL Table 1 of vehig]

Acrylonitrile-Butadiene-Styrene(ABS, Borg
Warner)
Polystyrene(PS, High Impact, Grade 6800-
Chevron)

Photo.1 Ultrasonic plastic welder

Table 1 Mechanical properties of welding materials

Tensile . .
Materials ~ Strength L longation  Density
(MPa) (%) (kg/m?)
ABS 35 39 1035
PS 33 15 1030
PE 8.4 350 962
PP 28 17 894

KEEESREE, Fo% F1MW, 1914 3H
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Polyethylene(PE, High Density, Grade 6206-
Norchem)
Polypropylene(PP, Grade 8000GK-Norchem)
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Fig. 3 Measurement of sound velocity and
attenuation
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Fig. 4 Examples of horn geometries with the
resulting Stress(S), and displacement
amplitude(A) distributions

PART-A

PART- B

MO

SENSOR

Fig. 5 Schematic diagram of welding fixture and
test sample
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Table 2 Storage modulus(E’) as a function of

frequency
Frequency ABS PS PE PP
(MHz) (GPa) (GPa) (GPa) (GPa)
0,02 2,85 2,35 4,0 3.87
0.5 3.06 2.7 4,23 4,05
1.0 3.12 2.9 4,3 4,06
2.0 3,15 2. 98 4,39 4,08
3.5 3,26 3.09 4,45 4,16

Table 3 Loss modulus(E”) as a function of frequency

Frequency ABS PS PE PP
(MHz) (GPa) (GPa) (GPa) (GPa)
0. 02 0.42 1.11 0.52 0.32
0.5 0.22 0. 46 0.24 0,14
1.0 0.14 0.27 0,18 0,11
2,0 0. 08 0.17 0.15 0.09
3.5 0. 06 0.05 0,05 0.02

GSk:u'txqo Modulus (GPa)

—=pp whrpg N ppg -B-p3

0 o8 : 15 2 25 3 38 4
Frequency (MHz)
Fig. 6 Effect of frequency on the storage modulus

l.zm Modulus (GPa)

1

0.6+~

15 2 28
Frequency (MHz)
Fig. 7 Effect of frequency on the loss modulus
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Fig. 10 Effect of weld time on energy(weld

pressure ; 350kPa, amplitude of vibration;

0.026mm)
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Fig. 11 Effect of weld time on strength(weld
pressure ; 350kPa, amplitude of vibration;
0.026mm)
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Fig. 12 Effect of weld time on collapse(weld
pressure ; 350kPa, amplitude of vibration;

0.013mm)
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Fig. 13 Effect of weld time on energy(weld

pressure ; 350kPa, amplitude of vibration;
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Fig. 14 Effect of weld time on energy(weld
pressure ; 350kPa, amplitude of vibration;
0.013mm)
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Fig. 15 Effect of weld time on energy(weld
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Fig. 17 Effect of amplitude of vibration on
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Fig. 18 Effect of amplitude of vibration on
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