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The Problem
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• Traditional: central control → solenoid valves

• Wires carry control + power to valves

• Valves require over/underground pathing

• Limits installation locations

• Increases costs

• Wasteful watering

• Damage prone
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Our Solution
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• Control valve operation wirelessly with Bluetooth

• Eliminate power wires by using battery power

• Recharge battery while water is flowing (during watering cycles)
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Our Solution

E L E C T R I C A L  &  C O M P U T E R  E N G I N E E R I N G

• Control valve operation wirelessly with Bluetooth

• Eliminate power wires by using battery power

• Recharge battery while water is flowing (during watering cycles)

Problem: turbine limits water flow
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Our Solution
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• Increase water flow rate ⇒ open the watering valve

• Begin charging ⇒ open only the recharge valve

• Check valve protects turbine from driving backwards

Solution: add a turbine bypass valve
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Our Solution
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Our Solution
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Our Solution
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High Level Requirements
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Open/close valves based on remotely-issued commands

Recharge the battery using water flow during water cycles

Battery capacity measurement capability (goal: 48+ hours on 
a single charge)
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Original Design

G R A I N G E R  E N G I N E E R I N GE L E C T R I C A L  &  C O M P U T E R  E N G I N E E R I N G13



G R A I N G E R  E N G I N E E R I N G

Original Design
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Power Subsystem
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Power Subsystem Original Design
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Power Subsystem Modifications
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Power Subsystem Modifications
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Power Subsystem Final
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Power Subsystem Final
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Power Subsystem Final
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Control Subsystem
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Control Subsystem Original Design
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Control Subsystem Original Design
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Control Subsystem Modifications
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Control Subsystem Final
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Final Build
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Final Design
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Final Block Diagram With Voltages
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PCB Review
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PCB Design
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Final PCB (Front)
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Final PCB (Front)
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Final PCB (Reverse)
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Final PCB (Reverse)
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Testing
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Power Consumption Testing
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Valve Testing Recharge Valve Watering Valve

Voltage +12V -12V +12V -12V

Avg Actuation Time 
(s)

4 4 3.8 3.84

Avg Current (mA) 40 42 40 40

Avg Power (mW) 480 480 476 480

Avg Energy (J) 1.92 1.92 1.81 1.845

•Valve Test: Initial Vbat = 3.87V
• Opened and then closed both valves
• Vbat = 3.85V (<10% loss)
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Battery Testing
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Battery Voltage During Charging • Initial Vbat = 3.8V
• 12V Bench, 500mA draw
• Final Vbat = 3.9V after 3 minutes
• 24 minutes to charge dead battery 

(3.4V) to full (4.2V)
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Battery Testing
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Battery Voltage During Passive Draw • Initial Vbat = 3.92V
• Final Vbat = 3.79V after 1 hour
• Approx 6.15 hours of battery 

capacity

•System Passive Power: 129mA 
@ 3.7V

• Passive battery power ~ 
477mW
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•Turbine: 50mA @ 12V
• Battery power = 0.3W-

0.477W=-0.177W
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Conclusions
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High Level Requirements
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Open/close valves based on remotely-issued commands

Recharge the battery using water flow during water cycles

Battery capacity measurement capability (goal: 48+ hours on 
a single charge)
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Lessons
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Timely unit testing before integration

Modular PCB design for final iteration

Careful testing to avoid IC damage

Communication while ordering parts
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Recommendations for Further Work
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Near Future
Waterproof circuit enclosure

Integrate microcontroller onto the PCB

Increase conversion efficiencies so battery can charge

Down the line
Communication between multiple valves

Smaller form factor

Smart monitoring conditions
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PCB Schematic - Power
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PCB Schematic - Control
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