DC Motors

e Current (ideally) Is
proportional to the torque
produced by the motor

e Direction of current flow
determines torque
direction

How can a digital input
control torque magnitude?
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DC Motors

How can a digital input
control torque magnitude?

e« Use PWM!

How do we handle torque
direction?
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DC Motors

How do we handle torque
direction?

e +5V to north OV to south
e OV to north +5V to south

How would we implement
this?
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DC Motor Control

28 27 26 25 24 23 22 21 20 19 18 17 16 15

One possibility... e R oD avee
PC4 PC2 PCO AREF PB5 PB3 PBI
e Connect motor

directly to the I/O pins ¢ Atmel Megad

PDO PD2 PD4 GND PB7 PD6 PBO
PC6 PDlI PD3 VCC PB6 PD5S PD7

I_II_II_ILJLJI_II_H_II_II_II_H_II_II_I
1 2 3 4] 5 9 10 11 12 13 14

Two directions:
e PD2:1: PD3: 0
e PD2: 0; PD3: 1

(0)

motor




DC Motor Control

28 27 26 25 24 23 22 21 20 19 18 17 16 15

One possibllity... e e e oD e TR e
e Connect motor

PC4 PC2 PCO AREF PBS5 PB3 PBI
: : Atmel Mega8
directly to the I/O pins ¢ e TR

PDO PD2 PD4 GND PB7 PD6 PBO
PC6 PDlI PD3 VCC PB6 PD5S PD7

I_II_II_ILJLJI_II_H_II_II_II_H_II_II_I
1 2 3 4] 5 9 10 11 12 13 14

What is wrong with this
iImplementation?

(0)

motor




DC Motor Control

What is wrong with this
Implementation?

e Our I/O pins can
source/sink at most 20
mA of current

e This Is not very much
when it comes to
motors...

How do we fix this?

28 27 26 25 24 23 22 21 20 19 18 17 16 15
NSNS ESENENEEEEEEEREREEE

PC5 PC3 PCl GND AVCC PB4 PB2
PC4 PC2 PCO AREF PB5 PB3 PBI

) Atmel Mega8

PDO PD2 PD4 GND PB7
PC6 PDlI PD3 VCC PB6 PD5S PD7

PD6 PBO

I_II_II_ILJLJI_II_H_II_II_II_H_II_II_I
1 2 3 4] 5 9 10 11 12 13 14

(0)

motor




Simple H-Bridge
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What
happens
with these
Inputs?

Simple H-Bridge
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Simple H-Bridge

What Y

happens

with these B—W
inputs? 1 0

e Motor
turns In

o_ne | 0 1
direction




Simple H-Bridge
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What
happens
with these
Inputs?

e Motor
turns in
the other
direction!

Simple H-Bridge

+5V
0 -t




Simple H-Bridge
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Simple H-Bridge

+5V
What
happens
with these

inputs? 1

e \We short @_.
power to

0

ground 1

o ... Very
bad

0




Simple H-Bridge

How can we oY
prevent a
processor

from 1

accidentally
producing @_'

0

thi se?
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Modified H-Bridge

We introduce a
little logic to
ensure the
short never
OCCuUrs
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Modified H-Bridge

What happens l
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Modified H-Bridge

What happens
with this
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Modified H-Bridge

+5V

What happens

with this 0
input? 0—

e Motor turns X?
INn one

direction
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Modified H-Bridge

What happens
with this
iInput?
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Modified H-Bridge

+5V

How about this

iInput? 1
e Motor turns 1=

IN the other

direction
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Modified H-Bridge

+5V
1—
This implementation X?

IS nice because we

only need one W
direction bit of 0

control
e What are we

missing?



Modified H-Bridge

+5V

What are we 1
missing? 1—r

o Control of torque
magnitude

. Let's introduce a W
second PWM input 0

What would this look

like?




PWM and Direction Control
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PWM and Direction Control
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PWM and Direction Control
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flow




PWM and Direction Control
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PWM and Direction Control

+5V

J
1 . j X - :
X X’
Wﬂat Kz - (o) -
ng\?v%ens }aiwwﬁi MW
X

o 'Y /7T7

determines
motor
direction




PWM and Direction Control

JUUL

Direction

With the
PWM input,
we can
control the
magnitude
of torque
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