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Introduction:
Due to the increased dependence on the grid to power traffic signals and 
streetlights for both vehicles and pedestrians, current streetlight sources are 
neither dependable nor economical to maintain roadway safety. Therefore, our 
project's goal is to create an alternative, decentralized power supply for 
roadway lights, independent of the electric grid and to combat power outages 
and rising electric costs. This was done by using piezoelectric sensors, which 
use the direct piezoelectric effect, to convert pressure vibrations from vehicles 
into an electrical current. After submitting our preliminary design, our final 
conceptual design is shown in Figure 1, with the vehicle driving over a ramp-
shaped device containing a distribution of 2 groups of 25 piezoelectric sensors 
with a buck converter circuit designed to charge a 3 V, 1 milliampere-hour 
(mAH) coin cell battery. 
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Electrical Construction

Outer Casing
A plain carbon steel frame, as shown in Figure 3, was constructed using both rods (5/8-inch diameter) and 
sheets (1/16-inch thick sheets and 1/8-inch thick sheets)
• The base of the frame measures 3 x 2 feet
• 4 supports were built to support the vehicle with rod ends milled at a 14º angle to create the triangular part 

of the frame
• The frame, which includes the four additional supports, was welded together using a MIG welding 

machine, and the bottom sheet was bolted on
• 6 panels were constructed, where 3 of the panels were welded to the frame, and 1 outer panel and 2 

middle panels (or doors) were attached using hinges. This was designed so the inner compartments could 
be accessed within the frame

Silicone Molds
Silicone was chosen as the optimal material to protect the sensors from the initial force of the vehicle on the 
external casing. Two mold designs were proposed:
• One design set the angle for the sensors to the steel outer casing door. The mold would cast 2 gallons of 

silicone in a 11 x 12 x 3.5–inch mold and would be cut diagonally when dried
• The second design would act as a buffer between the sensors and the external steel casing. The 

dimensions of this mold would be calculated based on the properties of the silicone and maximum pressure 
the piezoelectric sensors could withstand

• Due to time constraints, this part of the project was not completed
Acrylic Plating
The piezoelectric sensors and circuitry needed to have a durable, nonconductive, and hard material to be 
attached to when placed inside the external casing. 
• 2 acrylic plates (11 x 11 x ¼-inch) were obtained to act as a backboard for the sensors, enabling them to  

absorb the vehicular pressure to obtain power for the battery 
• A third acrylic board was going to be cut to support the charging circuitry

Piezoelectric sensors use the direct piezoelectric effect, converting kinetic energy from pressure vibrations into an
electrical current. Our project's goal is to have a proof-of-concept to build a ramp-device consisting of 50 piezoelectric
sensors to charge a 3 V, 1 milliampere-hour coin cell battery. This device would be charged using a 700 lb motorcycle to
induce the pressure onto the sensors to charge the battery. During construction of the device, plain carbon steel rod and
sheeting were combined using MIG welding to make the frame with 3 doors hinged to the frame to access the inner
components. The components consisted of 2 groups of 25 piezoelectric sensors (for a total of 50), on an acrylic
backboard and sandwiched between two layers of silicone to protect the sensors from the external vehicular pressure on
the external casing. These components were located within the middle compartment in the casing accessible by 2 doors.
At the beginning of the project, a linear regulator was used, but this was switched to a buck converter to boost the
charging current from the piezoelectric network to the coin cell battery. The effect of the buck converter is to regulate the
charging voltage and reduce the charging time of the coin cell battery through a higher charging current. The buck
converter and battery is attached to the sensors and located in another compartment inside the frame, accessible by the
3rd door. Mechanical tests performed consisted of testing the durability of the outer frame with a 100 lb weight, and the
frame showed no deflection. Electrical tests performed consisted of connecting the charging circuitry to a function
generator as a known input AC voltage source, and then to the piezoelectric sensors. Both types of inputs resulted in the
charging of the battery. Unfortunately, due to the pandemic and campus closing, the silicone molds were not constructed
as well as thorough testing was not completed. However, since this was a proof-of-concept to show that the piezoelectric
sensors could charge the coin cell battery, our client was satisfied with our project being finished.

Figure 1. (Top) Circuit Design using Buck Converter (Bottom-Left) Distribution of
Piezoelectric Network (Bottom-Right) Final Rendering for the Ramp Design

Results and Conclusions: 

Recommendations:
• Use larger steel plates for the doors to decrease the amount of weld points, or use a different

material, such as a more durable and weatherproof polymer material
• Final silicone molds should be added to the casing with the additional acrylic plate
• Buck converter should be correctly installed using solder as well as additional sensors should

be used to charge the battery faster
• More thorough testing needs to be performed for all components

• The electrical design showing that piezoelectric sensors can charge a battery was 
successful

• The minimum 5 Peak-to-Peak AC input voltage from the piezoelectric network to the 
charging circuitry was consistently met

• The total cost for this project for both mechanical and electrical parts was $695.46, 
with spare parts left over

Piezoelectric Sensor Network
A 50 sensor piezoelectric sensor network, as shown in Figure 2, was constructed with 
50 sensors in parallel to boost the output current from the network
• The network was constructed along two 10 x 11 inch grids on cardboard sheets
• A two-bus system was set up using a wire splicing technique to connect all 50 

sensors, where all connections were soldered together to create a stable 
connection

Charging Circuit
A charging circuit, as shown in Figure 2, was constructed to charge a 3 V, 1 mAh
battery from piezoelectric sensors
• A full bridge rectifier was constructed from 1N4003 diodes to convert the AC of the 

piezoelectric sensors to DC
• The fundamental issue with using piezoelectric sensors as a charging source is that 

they have  a high output voltage and a low output current, battery charging requires 
a specific regulated voltage and a high current

• A buck converter (LMZM23600V3SILR) with a low minimum input current of 24 μA 
was used to flip the fundamental characteristic of the piezoelectric sensors by 
regulating the input voltage to the battery at a steady 3.3 V, while raising the 
charging current to promote a fast charging time

• A push-button switch and testing LED were installed to indicate a charge on the 
battery and be used for discharge testing purposes

• All components were soldered together on a Printed Circuit Board, although 
because of timing constraints the Surface Mounted buck converter was installed 
with tape with all contacts aligned properly, allowing it to still have full functionality

Figure 2. (Left) Final Piezoelectric Network Design (Right) Fully Constructed Buck
Converter Charging Circuit

Mechanical Construction

Electrical and Mechanical Testing:
Mechanical Tests:
• 100 lb weight was tested on the completed frame and showed no deflection or deformation
• Due to classes moving online, all other testing was halted. If time allowed:

• The weight on the frame would be increased to 700 lb (motorcycle driving over casing)
• Waterproof testing would be performed to determine if the steel casing would be feasible 

for use in different environments

Electrical Tests:
• Charging circuitry was tested attached to a function generator and then the piezoelectric network
• Voltage levels across components were monitored with each power source with results analyzed 

as shown in Figures 4-8 and Table 1

Figure 3. (Left) Completed External Casing (Right) External Casing with Piezoelectric Sensors installed in the
middle frame compartment(s) and Charging Circuitry installed in the outer frame compartment

Figure 8. Calculated Vpp Input Voltage from Network
Compared to Minimum Required Voltage

Table 1. DC Voltage Results From Diode 1 from a
Function Generator and the Piezoelectric Network
and Interpolation Results from the Data

Figure 5. Battery Charge Level Over Time When
Connected to a Function Generator

Figure 6. AC Voltage (Vrms) Characteristics of
Components versus Vpp Input Voltage

Figure 7. DC Voltage Characteristics of Components
versus Vpp Input Voltage

Figure 4. Testing Setup for Piezoelectric Sensors
Connected to Charging Circuit
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