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Specimen Design
7x0.4mm PZT discs
• 5-discs
• Top and Bottom 

Encapsulation Control 
• Individual Disc Electric Connections

Data Collection
Dynamic testing using a servohydraulic MTS 858 under load-
control. 
• Frequencies of 1, 2, 3 and 5 Hz 
• Loads of 100N, 500N, and 1000N
• Applied resistance sweeps for power calculation

Data Analysis
Collected data analyzed in custom MATLAB program
• Disc peak voltages
• Peak RMS power output from each disc
• Disc symmetry analysis
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Comparing Simultaneous Individual Voltages 
with CLACS:
• Previously created specimens were retrofitted with 

individual connections
• Specimen contained variances in top and bottom

encapsulation as well as side encapsulation

Methods

Discussion

Significance

Motivation

Discs Location and Encapsulation
• Determining the most efficient stacking methods and 

encapsulation methods could influence cost and 
production time

• Maximizing power generation for a given size could 
increase versatility of piezoelectric generators for 
biomedical applications

Piezoelectric Understanding
• Effects of compliant layers in increasing PTZ strain
• Collecting more accurate data for future modeling 

purposes using FEA
• Understanding possible electrical configuration effects on 

stacked piezoelectric with CLACS design

Clinical Motivation
• To inform future implant

design for more efficient 
energy harvesting

• Piezoelectric stimulation is 
empirically proven to 
stimulate bone growth as 
shown in the ovine study 
below [2].

Figure 4: Individual voltage outputs from CLACS discs at 1000N 
1 Hz cyclic loading. 

Piezoelectric Motivation
• The recent discovery of 

CLACS (Compliant Layer 
Adaptive Composite Stacks) 
found higher power output for 
the same amount of PTZ 
material [1].

• Reasons for power increase 
with CLACS structures are 
still not fully understood.
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Figure 1: Specimen on the left contains no compliant 
layers. The specimen on the right contains CLACS 
design.

Figure 2: 4 month 
histology of ovine 
implant test. Purple 
indicates healthy 
bone grown on 
active specimen. 
The star on the 
control indicates 
soft tissue, which 
could lead to future
pseudarthrosis.

Goal: This research is to help to elucidate the mechanisms of 
increased power generation in CLACS by examining the power 
production in individual PZT discs over load and frequency ranges 
that are useful for biomedical applications. 

*Work in progress: Specimens with greater design control are currently in development to 
be tested with the described methods. 
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Preliminary Results Future Work

Figure 3: Individual voltage outputs from CLACS discs at 1000N 
1 Hz cyclic loading. 

• The difference in peak voltage seen between the 
highest producing disc and the lowest producing 
disc was 1.4 mV, a 31.8% decrease. 

• The data shows merit to the idea that the position 
of the discs within a stack does influence power 
generation.

• Alterations to top, bottom, and 
side encapsulations

• Effects of parallel wiring and 
stacking methods

• Improvements to specimen 
manufacturing techniques

• Validation of finite element 
analysis

• Effects of wires in specimen

• Capacitance effects


