Motor Control
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Direct Current (DC) Motors
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Direct Current (DC) Motors

Wire placed within a magnetic
field ...

www.magnet.fsu.edu



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

www.magnet.fsu.edu



Direct Current (DC) Motors

, F=ILB

» Force on the wire LN
Induces a torgque
about the motor shatft (._.

« Commutator SWItChes waue- e
direction of current “Lﬂﬂ}“
every half cycle

 Direction of torque
remains the same
throughout the cycle

hyperphysics.phy-astr.gsu.edu
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DC Motors

» Average motor torque is
proportional to current flow [
through the wire

— Wire has some resistance

Normal
1o coil

* Direction of current flow
determines torque
direction

How can a digital input
control torgue magnitude?



DC Motors

How can a digital input control .. s
torque magnitude?

* Use Pulse Width Modulation
(PWM)! r

magnetic force

How do we handle torque
direction?



DC Motors

How do we handle torque
direction?
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How would we implement this
with our microcontroller?




DC Motor Control

One possibility...

e Connect motor
directly to the I/O pins

Two directions:
 PD2: 1; PD3: 0
e PD2: 0;: PD3: 1
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DC Motor Control

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

One pOSSIbIIIty .- lr|C5|_| Plg3 l_l Plgl |_|GE|DHA\|/—éCH P|;|4 rl PI;IZ ﬂ
PC4 PC2 PCO AREF PB5 PB3 PBI
« Connect motor

directly to the 1/0O pins / Atmel Megad

PDO PD2 PD4 GND PB7 PD6 PBO
PC6 PD1 PD3 VCC PB6 PD5S PD7
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What is wrong with this
Implementation?

(0)

motor




DC Motor Control

What is wrong with this
Implementation?

* Our I/O pins can
source/sink at most 10
mA of current

* 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
L e e et f

PC5 PC3 PCl GND AVCC PB4 PB2
PC4 PC2 PCO AREF PB5S PB3 PBI

> Atmel Mega8

PDO PD2 PD4 GND PB7 PD6 PBO

PC6 PD1 PD3 VCC PB6 PD5S PD7
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NPN Transistors

Collector

Base

Emitter

Base to emitter Is a diode!
« 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 0 (OV)

Emitter

oV

O -> 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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Simple H-Bridge

+5V

What
happens l
with these | W
logical 1 0
Inputs? —
0 ﬁvvw—ﬁ El—ww 1




Simple H-Bridge

+5V

What
happens
with these
logical
INputs?

 Motor
turns in
one
direction




Simple H-Bridge

+5V
How about

_these ] l
inputs® , | W 1
H (o)
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Simple H-Bridge

+5V

What
happens
with these
Inputs?

* Motor
turns in
the other
direction!




Simple H-Bridge

+5V
How about

_these ] l
inputs® . | W ;
H (o)
1 W—ﬁ El—ww 0

e



Simple H-Bridge
+5V
What
happens
with these
inputs? 1
* We short g
power to <O>
ground 1

... very bad
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Simple H-Bridge
+5V
How can we
prevent a
processor
from 1
accidentally s
producing <O>
this case?

0

N——

1 0

pa
-




Modified H-Bridge

We introduce a
little logic to
ensure the
short never
OCCUrs

+5V

|

10}

N




Modified H-Bridge

What happens J

with this
Input?

0 'X?Mﬁw

N




Modified H-Bridge

What happens J
with this 0
input? 00— 1w
(o)
1




Modified H-Bridge

+5V

What happens
with this
Input? O

* Motor turns

IN one
direction




Modified H-Bridge

How about this
Input?

1

]
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Modified H-Bridge

What happens J
with this 1
input? 1w
(o)
0




Modified H-Bridge

+5V

How about this

Input? 1
 Motor turns 1=
In the other
direction
0




Modified H-Bridge

+5V

1

1—
This implementation X?

IS nice because we

only need one — W

direction bit of 0

control
« What are we

missing?



Modified H-Bridge

+5V

What are we 1
missing? 1—1

« Control of torque X?
magnitude

+ Let’s introduce a MW
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

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

* We 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
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PWM and Direction Control

+5V

|
)(2 .30 : : .
-
0

What H (o)
happens? } 0 -

e NO current -
flow




PWM and Direction Control

What H.(0)
happens }4—«%[ P

NOowW?




PWM and Direction Control

+5V

l
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PWM and Direction Control

+5V

JUUL , J
Direction j
-

\/ H.(2)
Two low-current }*—WW[

iInputs control

direction and >+
torque
magnitude




H-Bridge: More Detall

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

circuit E S
Co C2
C3

+5V
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H-Bridge: More Detall

Current flow through
the transistors

* Motor begins to spin

1 co Zggﬁ/wv‘—cz()
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+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

 Current moves
through diode to +5V

0 co Zggﬁfw\/‘—cz()
OCIM w%o

ns

+5V




H-Bridge: Dynamic Braking
Top transistors on;

motor spinning L5y

1C0—\/\/\/\/‘—@§ Zggﬁ/w\/‘—czl
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H-Bridge: Dynamic Braking
e Current moves
through diode (left)

* Then through
transistor (right)

+5V

1 co C21

OCIM w%o

ns




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

* Then through
transistor (right)

+5V

1 co C21

0 ct M w C3 0
Motor slows itself

down! >




Dual H-Bridge for Project 4

1DIAG/EN
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22220022
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Dual H-Bridge

» Left side: Teensy Iinterface
* Right side: Motor interface

. be = Pl
2- -
Do not mix these two! e G EE 3
- 1IN, - =&
1IN, - = =
1PWM e © > Es T
1CS gy
VIN =
GND N ] r
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Dual H-Bridge: Motor Side

 GND: battery negative

* VIN: battery positive

— These are the thick power cables coming up
to the circuit deck

VIN

« OUT-A/OUT-B -.uli.iii g OUT 1A
. tcs L3 gl OUT 18

— Connections to motor _ =1 Jcno ()
o S A VN (+)
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Dual H-Bridge: Teensy Side

GND: Teensy ground
+5V: from supply (same as for cameras)
PWM: current magnitude

. . .
1DIAG'EN : ] =

— 0/0: dynamic braking ,“: '
— 1/0: current flows in one direction .. ‘7;:’
— 0/1: current flows in other L’"DJ
— 1/1: dynamic braking i?:“
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Single H-Bridge

1.50"
’1
i ST . i (OUTA)
1178, A
DIAGJEN, \(Haze R OV A
PWM [TH U =
i S OUT B
DIAG/EN, (34
+5V(IN) !
w BYPASS

+ — (motor supply)



Single H-Bridge

» Left side: Teensy Interface
» Bottom side: Battery connection
* Right side: motor connection

GND

+ - (motor supply)



Single H-Bridge }

1178
* GND: Teensy ground FEASRE
+ +5V: from supply DIAGF/E::S;
* PWM: current magnitude *5"(;;‘“3
* IN-A/IN-B: >

— 0/0: dynamic braking

— 1/0: current flows in one direction
— 0/1: current flows in other

— 1/1: dynamic braking



Single H-Bridge

I

Motor supply | (ouTA)
_ _ 1.175° IN.

* Do not mix up the connections! | oc.en,
PWM

— Red: +, Black: - il

* Never short out red and black +5V (IN)
wires on the battery

— Connect battery connect to motor
supply before connecting battery

« Smoking battery:
— Gets hot on its own
— Smoke is toxic
— Move outside and dunk in water




Single H-Bridge

« OUT A/B: connection to motor

o Attach motor cable first, then connect
motor

+ - (motor supply)



