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▪ Step 3: Ultrasonic spot weld

Introduction
▪ Polyvinylidene Fluoride (PVDF)
❖ A thermoplastic with four crystalline phases: alpha
(α), beta (β), gamma (γ), delta (δ)
❖ The β-phase is piezoelectric
❖ A piezoelectric material accumulates an electrical
charge from mechanical stress and vice versa
PVDF Crystal Structures
a) α-phase
b) β-phase

▪ Welding

❖ Use a 20 kHz Dukane welder to join samples
together using ultrasonic vibrations that cause
friction, thus creating a weld
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▪ Step 4: Characterize (after welding)
❖ Use XRD to asses the crystalline phases
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Objectives
▪ To transform α-phase PVDF samples into
the β-phase
▪ Characterize the crystalline structure
before and after welding

Results
▪ Drawing
❖ The α to β transition was observed by noticing that
the peaks at 17, 18, and 26 degrees flatten out and
the major peak at 20 degrees shifts slightly to the
right
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Procedure
▪ Step 1: Obtain β-phase by drawing
❖ Use an 810 material testing system (MTS) to draw
samples of PVDF at set rates and temperatures

▪ Step 2: Characterize (before welding)
❖ Use x-ray diffraction (XRD) to asses the crystalline
phases

❖ The β-phase was most defined when drawn at a
temperature of 80˚C with a draw rate of 10
mm/min and a draw ratio of 5

As Received Film

Drawn Film

❖ The welded drawn film shows increasing peaks at
17, 18, and 26 degrees, indicating that the welding
has transformed the PVDF back into the α-phase

Conclusion
▪ β-phase PVDF was obtained by a drawing
and heat treatment
▪ Ultrasonic spot welding causes β-phase
PVDF to partially transition to α-phase in
the bonded area

Future Work
▪ Ongoing work is focused
on the development
of an in-house experimental
setup to measure the
piezoelectric constants of
PVDF
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