Direct Current (DC) Motors
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Direct Current (DC) Motors

Wire placed within a magnetic
field:

* Force on the wire Is
perpendicular the magnetic \

field and to the direction of , /
current through the wire

* Direction of force:
determined by the left-hand
rule
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Direct Current (DC) Motors

When elesinic current
passes through & ool in
a magnedic field, the
magnetic foree
, preduces a tergque
W which furns fhe
mn‘mﬂm‘

e Force on the wire
Induces a torgue
about the motor shaft :
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* Direction of torque Commutaor
remains the same
throughout the cycle
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DC Motors

* Average motor torque is ..
proportional to current flow -
through the wire

— Wire has some resistance

Torgue = foree |

= |LBY¥ sin 0

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 Pulse Width Modulation
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How do we handle torque
direction?




DC Motors

How do we handle torque
direction?

* +5V to north OV to south /[ \K%
e OV tO north +5V to south  -wo[&we  zeces N\ A

= |LBW sin 6= IBA sin @

How would we implement this
with our microcontroller?



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 1/0O pins ) R

PDO PD2 PD4 GND PB7 PD6 PBO
PC6 PD1I PD3 VCC PB6 PD5S PD7

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

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

(°)

motor




DC Motor Control

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

One possibility... e e e oD e TR e
e Connect motor

PC4 PC2 PCO AREF PBS5 PB3 PBI
. : Atmel Mega8
directly to the 1/0O pins ) e e

PDO PD2 PD4 GND PB7 PD6 PBO
PC6 PD1I PD3 VCC PB6 PD5S PD7

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

What is wrong with this
Implementation?

(°)

motor




DC Motor Control

What is wrong with this
Implementation?

e Our l/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 EEEEEEEREREEE

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

) Atmel Mega8

PDO PD2 PD4 GND PB7
PC6 PD1I PD3 VCC PB6 PD5S PD7

PD6 PBO
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1 2 3 4] 5 9 10 11 12 13 14
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NPN Transistors

Collector

Base

Emitter

Base to emitter is a diode!
e Current from base to emitter is non-negative

 Small B->E current opens a “valve” that
allows large C->E current



Transistors as Switches

(what we need to understand for our

purposes) Collector
Base
Logic O (OV)
Emitter
oV

0 -> no current flow



Transistors as Switches

(what we need to understand for our

purposes) Collector
Base
Logic 1 (5V)
\ Emitter
oV

1 -> small amount of current flow from base to emitter



Transistors as Switches

(what we need to understand for our

purposes) Collector
Base
Logic 1 (5V)
\ Emitter
oV

1 -> small amount of current flow from base to emitter

also allows (possibly large) current to flow from
collector to emitter



Simple H-Bridge
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What
happens
with these
INputs?

Simple H-Bridge
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Simple H-Bridge

What oY

happens

with these w
inputs? 1 0

e Motor
turns In

one g 1
direction




Simple H-Bridge

+5V
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What
happens
with these
INputs?

e Motor
turns in
the other
direction!

Simple H-Bridge

+5V
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Simple H-Bridge

+5V
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What
happens
with these
INputs?

e We short
power to
ground

... very bad
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Simple H-Bridge

How can we oY
prevent a
processor

from 1

accidentally
producing @_'
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Modified H-Bridge

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

What happens l

with this M
input? 0—
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Modified H-Bridge

What happens
with this
Input?
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Modified H-Bridge

+5V

What happens

with this 0
input? 0—

e Motor turns
INn one

direction




Modified H-Bridge

How about this J

input? _ M
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Modified H-Bridge

What happens
with this
Input?
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Modified H-Bridge

+5V

How about this

Input? 1
e Motor turns 1—

INn the other

direction

o




Modified H-Bridge

+5V
1—
This implementation X?

IS nice because we

only need one ’—WW—H
direction bit of 0

control
e What are we

missing?



Modified H-Bridge

+5V

What are we 1
missing? 1—

« Control of torque X?
magnitude

. Let's introduce a >—WW—H
second PWM input 0

that turns the
motor on/off




Pulse Width Modulation for

Motor Control

Goal: given on/off input, we want to specify the
motor torque

o With PWM, we turn the motor on/off very fast

* \WWe can control average motor torque with
duty cycle

« With a high frequency signal, the inertia of
the motor smooths out the sharp on/off
transitions



PWM and Direction Control
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PWM and Direction Control

+5V
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PWM and Direction Control

+5V
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e
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What — (o)
happens? } 0 -

e NO current s
flow




PWM and Direction Control

+5V
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PWM and Direction Control

+5V
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PWM and Direction Control

+5V

JUUL , J
Direction j
e

\/ +(0)
Two low-current }ﬂ_wwg[

Inputs control

direction and >+
torque
magnitude




Dual H-Bridge for Project 3

LS

— 1DIAG/EN »
inputl E!N‘ g:q d
input2 ' 8 ' ' Right fan
— ] t =
T Left fan
+5V Elf;;:i GND: battery-
0 3
GND 8 +9V: battery+
—— =} :
input3 <O - Middle fan
inputd * |
.p5 2N |§;
anagi 2DIAG/EN 2D
za @
L o

Note: Inputl to input5 should be connected to 5 output pins on Atmega8 and these are the

control signals. Particularly, sending a PWM signal to inputl controls the rotational speed of the

right fan; sending a PWM signal to input2 controls the rotational speed of the left fan; sending a

PWM signal to input3 controls the rotational speed of the middle fan; input4 and input5 control

the rotation direction of the middle fan. Specifically, input4=1 & input5=0, one rotation direction;
inputd4=0 & input5=1, the other rotation direction.



H-Bridge: More Detall

Diodes across the
transistors can
conduct current
“upwards” in the

circuit
Co —W\M—@ w C2
C3
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H-Bridge: More Detall

Current flow through
the transistors

* Motor begins to spin

1 co Zgngw—czo
()c1—WW%i& 31

+5V




H-Bridge: More Detall

All transistors off, but:
motor still spinning L5y

* Motor pushes current J,
from left to right
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H-Bridge: More Detall

All transistors off, but:
motor still spinning L5y

e Current moves J,
through diode to +5V

0 o Mczo
OCIM w%o
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H-Bridge: Dynamic Braking
Top transistors on;

motor spinning L5y

1C0—W\/\/‘—@X Zgngw—czl
OCIM w%o




H-Bridge: Dynamic Braking
e Current moves
through diode (left)

e Then through
transistor (right)

+5V

1 co C21

OCIM w%o
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H-Bridge: Dynamic Braking
e Current moves
through diode (left)

+5V
e Then through
transistor (right)
1 co C21
0 ci M w c3 g
Motor slows itself 1

down!






