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Controlling big things with small electronics
Your ESP32 can only supply ~30mA of current per pin, at 3.3V

What if we want to control something bigger?



Small motor, maybe 500mA at 5V Powerd from  usB pon
Bigger motor, maybe 2A at 12V Fttery packs, small robots
Mixer / blender motor, 2A at 120VAC  wal pover. modest current

Stovetop burner or microwave, 15A at 120VAC Wl power, as much a5 we can craw

from a 15A breaker



Option 1: relays
A relay uses an electromagnet to open/close a switch

~ )] (=

NO NC 3—)\)




Option 1: relays

A relay uses an electromagnet to open/close a switch

+ Input and switched power are electrically isolated
+ Can switch very large loads (15A or more)

— Slow (tens of milliseconds)
— No PWM,; just on/off

— Moving parts that can wear out over time



Option 2: transistors

A transistor can be used as an electrically-controlled switch.
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This is specifically an N-type MOSFET, operating in saturation.



Option 2: transistors

A transistor can be used as an electrically-controlled switch.
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This is specifically an N-type MOSFET, operating in saturation.



How could we control direction?
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How does a (brushed DC) motor work, anyway?

https://en.wikipedia.org/wiki/Brushed_DC_electric_motor



How does a (DC) motor work?
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How does a (DC) motor work?



What is a stepper motor?



What is a stepper motor?

+ Easy to drive specific amounts, often very precisely
+ Lots of standard sizes

— Wastes a lot of power
— Usually heavier



What about AC?

Universal motor: replace the magnets with more electromagnets!



What about AC?

Other AC devices (fans, compressors, etc) use AC induction motors.



Designing a blender

You're designing a cheap blender which should have 2 speed

settings (high/low/off). Draw a circuit schematic showing how
you could achieve this.

Challenge: Upgrade your design to have 4 or 6 speed settings.
Can you reduce the number of components / make the design

cheaper? If your design uses a microcontroller, see it you can
do without it!



Final project!
Details on the course webpsite



