AnguarPostion

Cick the Add Channels button
(#) to add more chameks to
the task.

Angular Posttion Setup
B Settings
Anguar Encoder
Puses /Rev IntilAnge  Units
90 0| | Degrees [v.

ZIndexEnable  Vale Phase
] 0 | AHchBHgh |v

MQTMA bthmq Input Termingl 2
e v 2 Ve

Decoding Type ‘O.ssmmScal'ng \
M v dosale V]2
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myDAQ

The capacitors and resistors actas a
”:2-» filter to reduce switch bouncing.
(FFI0) DIOO @qﬂlﬂ"ﬁ&_‘h‘m
100n =1
o L. k=
(FFI2) DIO2
o’
DIOS [Tl .I."Y""
100n T Connected to switch push button.
Ground @1
Timer / Counter .
Functions L Clockwise
Channel A J 0 1 0 1
Channel B 1] o 1| o [
Counter Clockwise
channelA |0 [1 o [1 ]o
Channel B 0 1 0 1 0 |
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OAQL (N reyDVAQ)
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6 wire

connections Hall Quadrature Brushed DC Gear train to increase
Encoder Motor torque at output.
90 Hertz
(10volts)  Motor ‘ Brushed 30:1

voltage

1800 RPM

—

a——

- . s
(5 volts) Logic

SUPPY  q—

—

a——

(Pull-y ncoder Ouf .
requireg) EChifne? Afg“‘ 3 pulses/rev DC Motor Gear Train
en - LIS Geared DC Motor with Encoder

CI I I I O e A

High Torque Turbine Worm Geared Motor Reducer Motor with

Encoder DC 12V 10/20/30/40/100RPM(10RPM)
by Walfront

YWrrryr v 1 customer review
Price: CDN$ 22.99 vPrime | FREE One-Day

2 new from CDN$ 22.99

» Two-phase reduction gear motor with encoder
« Using precious metals carbon brush

« Long service life, low noise, large torque

« Stable and reliable performance

» Can rotate and reversal, work more accurate
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While Loop

i limit enable

Build Array >

ENABLE N Digital Outputs
g:: c 1 » : data °
TF

N

In1 DIO5 high limit bool
In2 DIO6

Enable DIO7

DAQ Assistant | g low limit bool

data :
v ; :
TF

Quadrature
encoder.
DIOO

DIO2

igh limi low limit
Iterations high limit

o . : Hizs

DEL
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74HC74A

DIO1 +3
Scope CH1 Scope CHO
Encoder (Violet) e e ENcoder (Blue) ’ ——
myDAQ — myDAQ Direction
Quadrature I/P i Quadrature I/P .é LED
8 l . DI02] S
= c 680
= v
- §
(o]
+5
|g|talen/d|s [)107
Timer/Counter
PWM L293D

DC MOTOR

[DI03)

.——23
4

1 )

L ]
1&2EN V-Logic

1A IN 4A IN
1Y 4Y
GND GND
é GND GND
2Y 3Y
2A IN 3AIN

V-Motor 3&4EN

.||}

In Part A of lab 6:

DIO7 controls the L293D enable signal
DIOS connects to IN1 on the L293D
DIO6 connects to IN2 on the L293D

In Part B of Lab 6:

DIO7 controls the L293D enable signal

DIOS connects to IN1 on the L293D to control mode

DIO6 connects to IN2 on the L293D to control mode

DIOO connects to one of the motor quadrature encoders
DIO2 connects to the other motor quadrature encoder signal

In Part C of Lab 6:

DIO3 (PWM) control the L293 Enable signal
DIOS connects to IN1 on the L293D to control mode
DIO6 connects to IN2 on the L293D to control mode

In Part D of Lab 6:

myDAQ DIO7 controls the L293D enable signal

myDAQ DIO5 connects to IN1 on the L293D to control mode
myDAQ DIO6 connects to IN2 on the L293D to control mode
myDAQ, DI04 connects to the Q output of the 74HC74A to
read direction

myDAQ DIO1 connects to the one of the motor quadrature
encoder signal to measure speed

The 74HC74A data connects to one of the motor quadrature
encoders to measure speed and determine direction.

The 74HC74A connects to the other motor quadrature
encoder signal to determine direction.
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Note: Channel 0 does not connect to
the circuit ground. It is measuring
the differential voltage across the
motor. In one direction the voltage is
positive in the opposite direction it is
negatve.

Motor Supply
Voltage (+10V DC)

CAMB8302E F2018 Week 11
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——DIO(0-5 V) —
012345 6 706NV

myDAQ

PFI — programmable Function

Time high, low Interface
frequency, period

NI myDAQ Edge
Count

(PFI0) DIOO0

(PFI1) DIO1

(PFI3) DIO3

Timer / Counter
Functions -

+5 Volts

l
6.8k Ra 1
§ |s B
CONT Voo 10k
4| ReseT RL
E TLC555
DISCH ] o
ouT [~**
47k Re L rres
2 i
TRIG
_I_ GND Te
i I
= 033 uF =

tc(H) ~ CT (RA + RB) In2 (In2 = 0.693)
ter) ~ CrRgin2

The capacitor charges through RA + RB and
discharges through RB only.
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Class Notes:

DC Stepper and Servo Motor
Controls

CAMGI02E  Fall 2018
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Slide Index (Total 62 slides):

3: Dc motor types — brushed, brushless and stepper.
4: Basic servo description.
5-14. Basic stepper motor information

15-16:  Bipolar stepper motors

17-18:  Unipolar stepper motors

19-20:  Unipolar and bipolar stepper windings

21: Stepper applications

22-32:  Unipolar drive

33-34:  For loop, Arduino software for unipolar motors.

35-45:  Bipolar stepper motor drive

46-48: Inductive protective circuits snubbers, and diode protection
49-61:  Servo motors and drive circuits



Brushed DC

Advantages
Cheapest and simplest
motor
Speed linear to applied
voltage
Simple motor control

Disadvantages
High maintenance
Low life-span (due to
physical wear on brushes)

DC Motor Types

Brushless DC

Advantages
High efficiency
Little to no maintenance
Long life span
High output power per
frame size

Disadvantages

More complicated motor
control
Large initial costs

CAMB8302E F2018 Week 11

Advantages
Accurate position control
Excellent low speed
torque
Long life

Disadvantages
Low efficiency
Prone to resonances,
noise, and torque ripple
Cannot accelerate loads
rapidly

13



Stepper Motor

A stepping motor is a motor roTon
which has the capability of:

e rotating in either direction =

* starting or stopping in =

STATOR CUP B~

various positions

* moving the rotor in precise
angular increments for each
step applied

e the motor can be stopped
so that is not easily rotated
(holding torque).
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https://www.youtube.com/watch?v=vxxnPJBxG3M Microchip Stepper Motors

https://www.youtube.com/watch?v=TWMai3oirnM How To Mechatronics

https://www.youtube.com/watch?v=KbDPgxHpgAA Stepper with Arduino

http://howtomechatronics.com/projects/diy- How To Mechatronics
vending-machine-arduino-based-
mechatronics-project/

Vending Machine

CAMS8302E F2018 Week 11
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https://www.youtube.com/watch?v=vxxnPJBxG3M
https://www.youtube.com/watch?v=TWMai3oirnM
https://www.youtube.com/watch?v=KbDPgxHpgAA
http://howtomechatronics.com/projects/diy-vending-machine-arduino-based-mechatronics-project/

Stepper Motors

STATOR CUP 2

STATOR CUP B
OUTPUT SHAFT

Permanent Magnet Unipolar Stepper Motor
Unipolar — current flow in only one direction
Bipolar — current flow in two directions

CAMB8302E F2018 Week 11 16



Insicle A Stepper Motor

_ Rotor Poles
Bearing Housing l l

— et
* - ——
—

.- ——

Stator Coils

Shaft Bearing

Stator — Parts that do not rotate.
Rotor — Rotating parts.
Pole/Phase — coil of wire.

CAMB8302E F2018 Week 11

17



3D Printer Parts for Position

Y — movement
Control (Fwd/Rev)

Stepper motors
are used in 3D
printer to control
the X, Y and Z axis
position.

“JLINKYO
insights

Filament Spool
e The motors are
connected to a

belt drive or a
lead screw.

Z— movement
Control (Up/Down)

Print Bed - - -
X—movement
4th stepper used to drive the Control (Left/Right)

filament to the print head.
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CNC Using 3 Stepper Motors

CNC — computer
numerical control

Laser Etcher
PCB etching

Controller for 4
stepper motors.
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3D Printer Parts

There are four types of filament: metal, ceramic, composite, and plastic. Plastic, the most common type,
can be subdivided into five categories:

» Acrylonitrile Butadiene Styrene (ABS)
» Polylactic Acid (PLA)

» Polyvinyl Alcohol (PVA)

» Polycarbonate (PC)

» High-Density Polyethylene (HDPE)

ABS is the most common type of plastic filament. PLA is a runner-up, being both biodegradable and
available in soft or hard form. PVA, a dissolvable substance found in lubricants and adhesives, has a small,
but growing, niche. PC, used in media discs and bullet-resistant glass, is still in the developmental stage.
HDPE, a type of moisture-resistant cheap plastic found in bottles and pipes, has little use because of its
proneness to warping and shrinkage.

3D printers measure resolution by tenths to hundredths of a millimeter (mm). The more minute the
resolution, the longer the printing process. A small object set at 0.3 mm resolution may take 15 min., while
the same object may take 3 hrs. to print when set at a 0.1 mm resolution. Of course, it takes a capable
printer to put out such a precise resolution—in other words, it costs more money.

CAMB8302E F2018 Week 11
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Stepper YouTulbe Vicdeos

https://www.youtube.com/watch?v=vxxnPJBx Microchip Video
G3M

https://www.youtube.com/watch?v=MHdz3c6 Part 1 operation
KLrg

https://www.youtube.com/watch?v=t-  Part 2 operation
3VnlLadlbc

https://www.youtube.com/watch?v=blJxz28Hu 3D Printer
Ql

https://www.youtube.com/watch?v=dmk6zlkj7  Anaheim Automation
WM

https://www.youtube.com/watch?v=eygwlLiow Stepper Animation
Ziu
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https://www.youtube.com/watch?v=vxxnPJBxG3M
https://www.youtube.com/watch?v=MHdz3c6KLrg
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https://www.youtube.com/watch?v=blJxz28HuQI
https://www.youtube.com/watch?v=dmk6zIkj7WM
https://www.youtube.com/watch?v=eyqwLiowZiU

D(C Stepper Motor

Stepper motors are easy to control with digital / microcontroller boards

Stepper motors provide very precise angular positioning.

Speed and direction are easily controlled with digital circuits .

Stepper motors have no feedback and may miss steps under high torque
conditions.

Stepper motors often use a switch or sensor to determine a known home
position.

CAMB8302E F2018 Week 11 22



DC Stepper Motor

Types of Step Motors

There are three basic types of step motors in common use:

* Active rotor: permanent magnet (PM)

* Reactive rotor: variable reluctance (VR)

 Combination of VR and PM: Hybrid (HY)

These are brushless electrical machines which rotate in fixed angular
increments when connected to a sequentially switched DC current.

The Hybrid type is most common for higher torque and
higher speed applications.

CAMB8302E F2018 Week 11
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Stepper Motors TYpes

»Coils and Phases
A stepper motor may have any number of coils. But these are connected in groups called "phases". All
the coils in a phase are energized together.

* May have
5 60r8

mm wires.

Bipolar Unipolar (8 wire)

*Unipolar vs. Bipolar
Unipolar drivers, always energize the phases in the same way. One lead, the "common" lead, will
always be negative. The other lead will always be positive. Unipolar drivers can be implemented with
simple transistor circuitry. The disadvantage is that there is less available torque because only half of

the coils can be energized at a time.

Bipolar drivers use H-bridge circuitry to actually reverse the current flow through the phases. By
energizing the phases with alternating the polarity, all the coils can be put to work turning the motor.

CAMB8302E F2018 Week 11 24



Types of Steppers by Bill Earl NEMA — national electrical

There are a wide variety of stepper types, some of which require very specialized drivers. For our
purposes, we will focus on stepper motors that can be driven with commonly available drivers. These
are: Permanent Magnet or Hybrid steppers, either 2-phase bipolar, or 4-phase unipolar.

| Ve

manufacturers association

- A -]

4 N
SIZE A B C D (Dia)

NEMA 11 28.2 23 M2.5 Thread 5
NEMA 14 35.2 26 M3 Thread 5
NEMA 17 42.3 31 M3 Thread 5
NEMA 23 56.4 47 .1 5.5 Dia 6.35
NEMA 34 86 69.6 5.5 Dia. 14
NEMA 42 110 89 8.5 19

>Motor Size

One of the first things to consider is the work that the motor has to do. As you might expect, larger

motors are capable of delivering more power. Stepper motors come in sizes ranging from smaller than What do NEMA sizes mean?
a peanut to big NEMA 57 monsters.

by Jeff Kordik

28
Most motors have torque ratings. This is what you need to look at to decide if the motor has the

Step motors are categorized by frame size, such as “"size 11" or "size 23". Ever wonder how that came to

be or what it means? The National Electrical Manufacturers Association sets standards for many electrical products,

strength to do what you want.

Size 23 step motor is, wait for it, 2.3 inches square. Or 56.4 mm as shown below.

NEMA 17 is a common size used in 3D printers and smaller CNC mills. Smaller motors find applications

in many robotic and animatronic applications. The larger NEMA frames are common in CNC machines 15 20.2

and industrial applications.

The NEMA numbers define standard faceplate dimensions for mounting the motor. They do not define
the other characteristics of a motor. Two different NEMA 17 motors may have entirely different

electrical or mechanical specifications and are not necessarily interchangeable. #6.350.013

CAMB8302E F2018 Week 11
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including step motors. Generally speaking, "size 11" mean the mounting face of the motor is 1.1 inches square. So a
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Wiring
There are many variations in stepper motor wiring. For our purposes, we will focus on steppers that

can be driven with commonly available drivers. These are Permanent Magnet or Hybrid steppers wired
as 2-phase bipolar, or 4-phase unipolar.

*adafruit

This is a bipolar hybrid
stepper.

There are only 4 wires and
the rotor has teeth.

CAMS8302E F2018 Week 11
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Note: This 1s a modified unipolar stepper motor. The white wire was removes and the
PCB trace cut.

a. Orange to Violet ohms
b. Violet to blue ohms
c. Yellow to orange ohms

Each co1l should be about 240 ohms.

Violet

Blue

Yellow Orange
Figure 3 Modified Bipolar Wiring

Figure 2 Modified Stepper

CAMB8302E F2018 Week 11
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Unipolar stepper motors have 5, 6 or 8 leads.

They all use two coils with a centre tap.

Some steppers have the wires connected internally, others are connected
externally.

6-lead 5-lead 8-lead
Red Red Red 3
Black Black Red/White
Red / White Red / White

Yellow 3
Yellow/white

£
=
3

3 & 8 : 3 ® g
= - 3
5 &
Unipolar Stepper Motor

CAMB8302E F2018 Week 11
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>Unipolar vs. Bipolar

Unipolar drivers, always energize the phases in the same way. One lead, the "common" lead, will
always be negative. The other lead will always be positive. Unipolar drivers can be implemented with
simple transistor circuitry. The disadvantage is that there is less available torque because only half of
the coils can be energized at a time.

Bipolar drivers use H-bridge circuitry to actually reverse the current flow through the phases. By
energizing the phases with alternating the polarity, all the coils can be put to work turning the motor.

A two phase bhipolar motor has 2 groups of coils. A 4 phase unipolar motor has 4. A 2-phase bipolar
motor will have 4 wires - 2 for each phase. Some motors come with flexible wiring that allows you to
run the motor as either bipolar or unipolar.

’ 5-Wire Motor
This style is common in smaller unipolar motors.
All of the common coil wires are tied together
internally abd brought out as a 5th wire. This
motor can only be driven as a unipolar motor.

Unipolar (5 wire)

’ 6-Wire Motor
This motor only joins the common wires of 2
paired phases. These two wires can be joined to
create a 5-wire unipolar motor.
Or you just can ignore them and treat it like a

bipolar motor!

Unipolar (6 wire)

CAMB8302E F2018 Week 11 29



Stepper Motor

ceramic permanent magnet
rotor

$-1 coil p-2 coil

Permanent magnet stepper motor, 24-pole can-stack construction.

CAMB8302E F2018 Week 11
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Stennper Motor

* Astepping motoris a
motor which has the
capability of rotating in
either direction, starting
or stopping in various
positions, and moving the
rotor in precise angular STATOR CUP B~
increments for each step ouTRLT ST
applied. The motor can
be stopped so that is not
easily rotated (holding
torque).
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Stepper Motor Characteristics

Two Coils of fine gauge wire — Unipolar

has a centre tap.
Permanent magnet rotor
No Brushes

Good Holding Torque (not turning)

Rotates at precise angular increments.

1.8 deg, 5.0 deg. 7.5 deg.

Stops and starts quickly

Digital Control of direction and speed. OUTPUT SHAFT—

No Feedback circuit is required.

STATOR CUP B~

CAMB8302E F2018 Week 11

32




Stepper Motor Applications

*  Drive Conveyor Belts

*  Robotics

*  Mechanical Positioning

*  Ventilation/Lighting Control
e Camera Controls

*  Pick & Place Machines

* Assembly Lines
STATOR CUP B
* Industrial Control OUTPUT SHAFT—

* CNCand 3D printers
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Stepper Motor

Permanent-magnet (PM) Stepper Motors

The permanent-magnet stepper motor operates on the reaction between a permanent-magnet
rotor and an electromagnetic field. Figure 6-18 shows a basic two-pole PM stepper motor. The rotor
shown in Figure 6-18(a) has a permanent magnet mounted at each end. The statoris illustrated in
Figure 6-18(b). Both the stator and rotor are shown as having teeth. The teeth on the rotor surface
and the stator pole faces are offset so that there will be only a limited number of rotor teeth aligning
themselves with an energized stator pole. The number of teeth on the rotor and stator determine the
step angle that will occur each time the polarity of the winding is reversed. The greater the number
of teeth, the smaller the step angle.

North pole Stator windings

-

South pole
(a)

(v)
Figure 6-18 Components of a PM stepper motor: (a) Rotor; (b) stator

CAMB8302E F2018 Week 11
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NI — National
Instruments
(LabVIEW)
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Bipolar Stepper Motor

Bipolar Motors s AN907

Stepping Motors Fundamentals

Bipolar stepping motors are composed of two windings
and have four wires. Unlike unipolar motors, bipolar
motors have no center taps. The advantage to not
having center taps is that current runs through an entire
winding at a time instead of just half of the winding. As
a result, bipolar motors produce more torque than
unipolar motors of the same size. The draw back of
bipolar motors, compared to unipolar motors, is that
more complex control circuitry is required by bipolar
motors.

CAMB8302E F2018 Week 11
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Bipolar Stepper Motor

FIGURE 3: BIPOLAR STEPPER MOTOR

e

MICROCHIP AN907
Stepping Motors Fundamentals

CAMB8302E F2018 Week 11
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Unfpolar Stepper Motor

Unipolar Motors QANW

Unipolar stepping motors are composed of two
windings, each with a center tap. The center taps are
either brought outside the motor as two separate wires
(as shown in Figure 2) or connected to each other
internally and brought outside the motor as one wire.
As a result, unipolar motors have 5 or 6 wires. Regard-
less of the number of wires, unipolar motors are driven
In the same way. The center tap wire(s) is tied to a
power supply and the ends of the coils are alternately
grounded.

CAMB8302E F2018 Week 11
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Unipolar Stepper Motor

FIGURE 2:

UNIPOLAR STEPPER
MOTOR

AAAAA

CAMB8302E F2018 Week 11
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Stepper Motor Wiring

Unipolar
Stepper
Motor

5 Wires

The commons
are connected

R N W W W —————

STVNINY3L HOLOW

A unipolar motor with 5
terminals

Unipolar
Stepper

Motor

6 Wires

SIVNINE31 HO10OW

STVNINY3IL HO1ON

39
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Bipolar/Unipolar stepper
motors.

Unipolar Stepper Motor Bipolar Stepper Motor
Al Al
3 3
)
A2 3 1:
. < 1:
)
I a3
o *———
NMB-MAT
NMB-MAT PM25S-048
PM20S-020
Blg B2g B3 B1 82

The Unipolar and Bipolar Stepper Motor Windings

Unipolar stepper motors require a simpler drive circuit, bipolar stepper motors have
higher torque capabilities.

Unipolar — current flow in only one direction

Bipolar — current flow in two directions
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DESIGNSPO.RK

Stepper motors and drives, what is full
step, half step and microstepping?

Full step and half step

Stepper drives control how a stepper motor operates, there are three commonly used
excitation modes for stepper motors, full step, half step and microstepping. These excitation
modes have an effect on both the running properties and torque the motor delivers.

A stepper motor converts electronic signals into mechanical movement each time an incoming
pulse is applied to the motor. Each pulse moves the shaft in fixed increments. If the stepper
motor has a 1.8° step resolution, then in order for shaft to rotate one complete revolution, in
full step operation, the stepper motor would need to receive 200 pulses, 360° = 1.8 = 200.

There are two types of full step excitation modes.

In one-phase on - full step, Fig1, the motor is operated with only one phase energized at a
time. This mode requires the least amount of power from the driver of any of the excitation
modes.

In two-phase on - full step, Fig2, the motor is operated with both phases energized at the
same time. This mode provides improved torque and speed performance. Two-phase on
provides about 30% to 40% more torque than one phase on, however it requires twice as
much power from the driver.
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In one-phase on - full step, Fig1, the motor is operated with only one phase energized at a
time. This mode requires the least amount of power from the driver of any of the excitation
modes.

In two-phase on - full step, Fig2, the motor is operated with both phases energized at the
same time. This mode provides improved torque and speed performance. Two-phase on
provides about 30% to 40% more torque than one phase on, however it requires twice as
much power from the driver.

DESIGNSPO.RK
e BN\ 2 B\ 7z SN2 DN
b ﬂ'-"ﬂ on / mn =
/:/'"""i*?i‘:\ AN RN R
o ] e o\

Fig 1 — One phase on — full step Fig2 — Two phase on - full step

CAMB8302E F2018 Week 11
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Half step produces about 15% less torque than two phase on - full step, however modified half

stepping eliminates the torque decrease by increasing the current applied to the motor when a

single phase is energized. See Fig3 DESIGNSPOLRK

Fig3 - One-two phase on - half step

CAMB8302E F2018 Week 11
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Microstepping for greater control and smoother operation

Microstepping can divide a motor’s basic step by up to 256 times, making small steps smaller.
A Micro drive uses two current sinewaves 90° apart, this is perfect for enabling smooth
running of the motor. You will notice that the motor runs is quietly and with no real detectable
stepping action.

By controlling direction and amplitude of the current flow in each winding, the resolution
increases and the characteristics of the motor improve, giving less vibration and smoother
operation. Because the sinewaves work together there is a smooth transition from one
winding to the other. When current increases in one it decreases in the other resulting in a
smooth step progression and maintained torque output. See Fig4

. With maximum power In phase A, phase 8 s at
/ \ 2ero. The rotor will line up with phase A, As
o f——.  PHASRA current to phase A decreases, it increases to
CURRENT
phase B. The rotor will take small steps towards
E m - phase B until phase B is at its maximum and
+ phase A is at zero. The process then continues

around the other phases.
PHASE B

\\ D jf—mm

V2 S\ \_/
l:| —bm :
\\ D / 'f— e i

Fig 4 - Microstepping

Fhase B current
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Two Coils, 48 teeth, rotor is magnetized with north
and south poles.
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Stepper Motor Applications

Uses for Stepper Motors

While stepper motors can be used for a wide-variety of applications, they obviously excel in positioning systems (such as in the
pick and place machines that precisely place the components on commerdally produced PCBs). Some simple illustrations

(courtesy Tamagawa Seiki Co.) of how stepper motors might be used in a commerdial or industrial application can be seen

below:
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Stepper Motors — Unipolar Drive



The Unipolar motor can be operated in full step or half step.

In full step mode one side of each of the two centre tapped coils is turned on.
The motor moves 7.5 degrees / step. There are 4 different discrete steps.

In half step mode two coils are energized and then one is energized in sequence. In
this mode the step angle is half the angle as in full step mode. The drawback is that
the half step mode has less torque. In half step mode there are 8 distinct steps.

L]

J835L Unipolar

Violet
White 1
Blue

Yellow
White 2

range

CAMS8302E F2018 Week 11 48



Hali Step Animation

Half Step Sequence:

Animation of half step sequence. Centre tap pins 1 and 2 are connected to a
positive voltage and the a and b pins are grounded.

CAMB8302E F2018 Week 11
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Halii anc Full Step Seguence Unipolar

Full step — always two coils turned on. Has better torque but less step resolution.

L1 Violet (1)

L2 Orange (2)

L3 Blue (1)

L4 Yellow (2)

Violet
White 1

L1 Violet (1)

L2 Orange (2)

L3 Blue (1)

L4 Yellow (2)

STEP 3 STEP 4 |STEP 1
1 step sequence

STEP 2

STEP3  STEP4

STEP 1 STEP 2 STEP 3 STEP4  STEPS STEP6  STEP7  STEPS8
8 step sequence
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Al

Bl

A2

B2

Stepper Full Step Sequence Unipolar Motor

Full Step Sequence Timing Diagram:

Step1l Step2 Step3 Step4

_____

_____

——

T —--

|
|
|
|
-
|
|
|
|
|
t
|
|
-
|
|
|
|
|
|
|
|
|
|
4
|
|
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Full Step Sequence:
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With a 7.5 degrees/step motor this sequence will take 48 steps to complete one revolution(360 degrees). The full
step sequence must be repeated 12 time for 1 revolution.
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Stepper Motor

The half-step sequence is shown below.

STEP L1 L2 L3 L4
1 H L L L
2 H H L L
3 L H L L
4 L H H L
5 L L H L
6 L L H H
7 L L L H
8 H L L H

Half step sequence has the highest
resolution and is most stable at
higher speeds.

Half step twice the resolution as
full step. ( degrees / step )
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Timing Example 1:

Determine the time required per step to rotate a stepper
motor at 80 RPMs in half step sequence.

Step 1: With a 7.5 degrees/step motor this sequence will take 96 steps to complete one
revolution.(360 degrees + 3.75/step = 96).

Step 2: Convert the RPMs to RPS(rotations per second) divide by 60.
80 RPM/60 =1.333 RPS

Step 3: Determine the number of steps / rev. in half step mode. =96
Step 4: Convert the RPS to time / rotation ( 1/RPS) 1/1.333 RPS = 0.75 sec/rev

Step 5: Divide the time/rev by the steps/rev  0.75 sec/rev + 96 steps/rev=7.81 ms

Time / step = 7.81 ms./step Result 96 steps x 7.81 ms/step = 0.75 seconds.
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Full / Half Step Sequence Timing another example:

1a 2a
Full 4 Step and Half 8 Step Pattern:
1b 2b
Full-stepping Half-stepping
Index |1a [1b | 2a| 2b Index |1a (1b | 2a | 2b b
o 1 1(0|0]|1 o 1 1(0|0|0
8] 2 [1]1]o]o 8l 2 [1]1]o]o .
3 lof[1]1]o0 =3 [o[1]o0]o0 In full step mode coils are on
s 4 0|0|1]|1 s 4 o|1|1]|0
g — T oTo g 1o ToT1 o fo-rZStepsthen off for 2 steps,
5| 6 [1[1]o]0 5| 6 [ofof1]1 this mode produces more
i 7 |o|1]1]o0 i 7 |o|o|o]1
8 o011 8 [1/0]0]1 torque.
Alternate Full Step Sequence 190 : : g g
(Provides more torque) 11 o Bl oo In half step mode a coil is on for
g g ; : g three steps then off for five.
ERDDEE This mode has twice the
15 0|0|0]|1 | t f . t
S EIEE resolution for a given stepper
Half Step Sequence motor.
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Unipolar Stepper Motor Driver

Stepper motor supply ULN2003

<

ut MG1
Controller pin4 ({——J1418 = 1c [H& 1
2 O 15 2 )
Controller pin 3 2B o 2C 1 s —~
Controller pin 2 3 3B 3C

——4148  4c 3

—>5 158 5C
—6 168 6C
7

78 7C

Controller pin 1

MOTOR STEPPER

H
—

The ULN2003A is a driver IC. The input is a low voltage, low current digital signal. The
IC is capable of driving output loads of higher currents and voltages.
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Umninolar Stenper Motor Driver

I/0 pin
I/0 pin
I/0 pin
I/0 pin

ULN2003A

+12VDC

vV VVVYVYV

unipolar

stepper motor

Centre Tap
Centre Tap

ULN 2003A Driver IC

This IC drives inductive loads such as
DC motors, solenoids and relays.

The output of the circuit includes
suppression diodes to prevent
damage to the electronics. The
device that appears as an inverter is
actually a Darlington Pair transistor
drive circuit. When the inputis a
logic high the output is driven to 0
volts. The Darlington Pair transistor
has a much greater Beta than a single
NPN transistor.

The input is typically less than 1 mA.
Output can handle at least 100 mA
er channel.
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For Loop = Used in Stepper Program

parenthesis

declare variable (optional)

initialize test increment or
decrement

l

for(int x = 0; x < 100; x++){

println(x); // prints 0 to 99
}

The initialization happens first and exactly once. Each time through the loop, the condition is tested; if it's true, the
statement block, and the increment is executed, then the condition is tested again. When the condition becomes false,

the loop ends.
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Arduino Control of @ Unipolar Moter in Full Step

=] o N W N

e el el el =
N o W NP O W o

-
n

/* Stepper

Contrel Unipolar Full Step */

int orange = 8;
int blue = 9;

int yellow = 10;
int vieclet = 11;
int delayTime = 20; // milliseconds

void setup() {

pinMode (orange, CUTPUT):;
pinMode (blue, CUTPUT):

pinMode (yellow, OUTEUT);|
pinMode (violet, CUTPUT):;

te!aw |

Bue ] Drange

Wialet |

CAMS8302E

19 for (unsigned int x = 0; x < 12; x++)
20
21 {
22 digitalWrite (orange, HIGH):;
23 digitalWrite (blue, LOW):
24 digitalWrite (yellow, LOW) ;
25 digitalWrite (violet, HIGH):;
26 delay(delayTime) ;
27
28 digitalWrite (orange, LOW):;
29 digitalWrite (blue, LOW):;
30 digitalWrite (yellow, HIGH):
31 digitalWrite(violet, HIGH):;
32 delavy(delayTime) ;
33
34 digitalWrite (orange, LOW):;
35 digitalWrite (blue, HIGH):
3e digitalWrite (yellow, HIGH):;
37 digitalWrite (violet, LOW):;
38 delav(delayTime) ;
39
40 digitalWrite (orange, HIGH):;
41 digitalWrite (blue, HIGH):
42 digitalWrite (vellow, LOW):;
43 digitalWrite (violet, LOW):;
44 delay(delayTime) ;
45
48 }
47 delay(1000);
43 }
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Stepper Motor — Bipolar Drive



Violet

Blue

(i) _

18351

Modified (Bipolar)

Yellow

range

Step

Direction D

Logic Ground Gnd

DRV 8825 Bipolar
Stepper Controller

Yellow

% Orange §
Blue

% Violet §

I POS Motor Voltage
I NEG Motor Voltage

The Bipolar stepper motor has only 4
wires.

Since the full coil is energized it has a
higher torque then the unipolar
motor.

The J835L motor used in the lab was
modified to operate as a bipolar so
that it can be controlled with a
bipolar motor controller module. The
white wire was cut on both coils.

The DRV8825 is a bipolar stepper
motor driver. The driver requires
only a step and direction control
signal.
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%" r
2MmAI S
=/ U |\ UG

FiPololu

Robotics & Electronics

vDD

microcontroller

GND

r DC Stepper Motor Controller
motor power supply
(8.2-45V)
DRV8824/ :
DRV8825 e
ENABLE =~ 100 uF
MO
M1 '
M2
RESET
SLEEP
—STEP
> D IR

logic power supply
(2.5-5.25V)

MS1 MS2 MS3 Microstep Resolution
Low Low Low Full step

High Low Low Half step

Low High Low Quarter step

High High Low Eighth step

High High High Sixteenth step
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DS0-X 20128, MY53160136: Thu Nov 03 21:10:03 2016

I 10.0v/

2 0.00v/

0.0s 10.00%/

Stop

£ 1 3.38v

Lo Y

The top signal is measuring one of the outputs from the
— stepper motor. The bottom trace is the step signal. The
signal is from the stepper control.

Acquisition

_lﬂlihq

|
|
|
|

Normal
10.0MSals

Channels

OC 10.0:1
DC 10.0:1

¢ Measurements

Freq(!):
35.495Hz

Freqg(Z):

141 .95Hz
Period(Z):

7.045ms
Period(']:

28.173ms

Help Menu
betting

About

+> language

Training Signals

. otarted  Oscilloscops  English e
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[m]
21 digitalWrite(2, HIGH);
I Stepper_FWD_REV_DRV8825_F2016 - - g } . 'z
22 delayMicroseconds (400);
l|/* Stepper Motor Ceontrel using a 23 delay(2);
2| * POlolu DRVE825 Controllerxr 24 |}
3 * Octcber 31st 201¢ 25 delay(1000);
4 * Michel Hanbury from CAMS30ZE !
| g 26
& void setup() { <
2| paslaets, OUTRUTI: 7/ step paise 28 digitalWrite(3, LoW); //Hirection
8 pinMode (3, OUTPUT); // direction 23
3 } 30 for (int x=0; x < 200; =x++)
10 31 {
11 void loop() 32 digitalWrite(2, LOW);
12 { 33 delayMicroseconds (400);
13 digitalWrite(3, LOW); //direction 34 delay(2);
14
35
15 for (int x=0; x < 200; x++) o )
16 { 3¢ digitalWrite(2, HIGH);
17 digitalWrite(2, LOW); 37 delayMicroseconds (400);
18 delayMicroseconds (400); 38 delay(2);
19 delay(2); 33 '}
20 40 delay(1000);
41 }
42
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Stepper Half Step Sequence Unipolar Stepper

Each step
B5ms.

Scope setto Stepperis 7.5
20 ms/dv Hegrees/step

Bksup

3
3
3

........

N R R O T T s

Y Noise Filter Off
LA AL T T T r rTr T rF T AL AL

l‘: [cW Direction | . pirection Change ] . cw Direction | -

N[ § F132Y <10Hz
200V Freq #4721 ? 5955 |
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4 steps * 7.5 deg./step = 30 degrees.

CVWN B\imacrtfam
‘ o A\MA
\> N E/C- G\‘:'EC\“}--

Controller clock signal
compared to coil signal.

The output changes on the
rising edge of the clock.

There are 4 clock periods for
4 steps. One high and one
low on the coil represents

four steps.
DRV8824/
DRV8825
ENABLE [ Jralily VMOT-
Mo L E@Eﬁ:? GND —
V1 i g B2
M2 l?m.vs.'n:::.. B1—
RESET . _ANatttiiaias (Y A1
SLEEP £ ot
—>STEP | JRLHHHHINE & FAULT
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CW direction: (direction = 0)

Lower signal rising edge leads
the rising edge of the upper

signal by 90 degrees. DRV8824/

DRV8825

ENABLE [
MO #

M1 - i ;.j. B2 =
M2
RESET
SLEEP §
-—»STEP

—DIR

RS | GND -

CCW direction: (direction = 1)

Top signal rising edge leads
the rising edge of the lower
signal by 90 degrees.
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Interrunits vs Polling

if (reading == HIGH)

{

digitalWrite(led, HIGH):; // turn the LED on (HIGH is the voltage level)
}
else
{
digitalWrite(led, LOW):; // turn the LED off by making the voltage LOW

}

The section of code above uses input polling to test the state of a
mechanical switch. If the switch is a logic high an LED is turned on
otherwise it is turned off. This method is not efficient and most of the
loop time is consumed in testing the switch. If the loop if long then if may
take time before the switch is tested and an event may be missed.
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Interrupts Setup

21 void 3etLIp() {

23 attachlInterrupt (0, slow, RISING); // on pin 2

24 attachlnterrupt(l, fast, RISING); // on pin 3
101 wvoid fast(){ // Interrupt service routine
102 delayTime = 10;

103 |}

105 wveoid slow(){ // Interrupt service routine
106 delayTime = 20;

107 '}

Lines 21-24 configure the interrupt. The program is telling the Arduino
that when a rising edge occurs on pin 2 (interrupt 0) then stop what the
program is currently doing, execute the “slow” routine then return to

where it was before the interrupt.
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Interrupts vs Polling

Reference Language | Libraries | Comparison | Changes

[ https://www.arduino.cc/en/Reference/Attachinterrupt

attachinterrupt() OQ o

Description

Digital Pins With Interrupts

The first parameter to attachinterrupt is an interrupt number. Normally you should use digitalPinTolnterrupt(pin) to
translate the actual digital pin to the specific interrupt number. For example, if you connect to pin 3, use

digitalPinTolnterrupt(3) as the first parameter to attachinterrupt.

Board Digital Pins Usable For Interrupts
Uno, Nano, Mini, other 328-based 2,3
Mega, Mega2560, MegaADK 2,3,18,19, 20, 21
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Using Interrupts

Using Interrupts

Interrupts are useful for making things happen automatically in microcontroller programs, and can help solve timing

problems. Good tasks for using an interrupt may include reading a rotary encoder, or monitoring user input.

If you wanted to insure that a program always caught the pulses from a rotary encoder, so that it never misses a pulse,
It would make it very tricky to write a program to do anything else, because the program would need to constantly poll
the sensor lines for the encoder, in order to catch pulses when they occurred. Other sensors have a similar interface
dynamic too, such as trying to read a sound sensor that is trying to catch a click, or an infrared slot sensor (photo-
Interrupter) trying to catch a coin drop. In all of these situations, using an interrupt can free the microcontroller to get

some other work done while not missing the input.

[ https://www.arduino.cc/en/Reference/Attachinterrupt

D sy

CAMB8302E F2018 Week 11 71



Interrupts Symntas

Syntax
attachinterrupt(digitalPinTolnterrupt(pin), ISR, mode); (recommended)
attachinterrupt(interrupt, ISR, mode); (not recommended)
attachinterrupt(pin, ISR, mode) ; (not recommended Arduino Due, Zero only)
Parameters
interrupt: the number of the interrupt
(int)
pin: the pin number (Arduino Due, Zero only)
ISR: the ISR to call when the

interrupt occurs; this function
must take no parameters and
return nothing. This function is

sometimes referred to as an

[ https://www.arduino.cc/en/Reference/Attachinterrupt

D sy

interrupt service routine.
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Interrupts Moces

mode: defines when the interrupt
should be triggered. Four

contstants are predefined as

valid values:
[0 https://www.arduino.cc/en/Reference/Attachinterrupt - LOWTto trigger the
OO sy interrupt whenever the pin
is low,
- CHANGE to trigger the

interrupt whenever the pin

changes value

- RISING to trigger when the

pin goes from low to high,

- FALLING for when the pin

goes from high to low.
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Interrupt Program or Stepper Pil

3 & N b

S
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

#define LED 13

// Volatile required for interrupt variable
// Interrupt inputs must be debounced.

volatile bool direction_1 = LOW;
volatile int freqg = 100;

volatile int x;
void setup() {
pinMode (LED, OUTPUT);

attachInterrupt (0, toggle_ s, FALLING); //
attachInterrupt(l, toggle_d, FALLING); //

//
//

pin 2 interrupt
pin 3 interrupt

// Serial.begin(%600); //turn on serial communication

}
void loop () {

tone (4, freq); // 31 to 65,535 Hertz
digitalWrite (5,direction_1);
}
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Interrupt Program for Stepper P2

"21 void loop() {
22 tone(4,freq); // 31 to 65,535 Hertz
23 digitalwrite(5,direction_1);

24

25

26 void toggle_s() { // pin 2 interrupt 0 toggle speed
27 digitalWrite (LED, HIGH);

28

29 if (freg == 125)

30 freq = 100; // change speed if interrupted
31 else if (freg == 100)

32 freqg = 125;

33 x++; // inx x

34 }

35 void toggle _d() { // pin 3 interrupt 1 toggle direction
36

37 detachInterrupt (1)

38 digitalWrite (LED, LOW);

39

40 if (direction_1 == HIGH)

41 direction 1 = LOW; // change direction if interrupted
42 else if (direction_1 == LOW)

43 direction_1 = HIGH;

44 x-—; // dec x

45 attachInterrupt (1, toggle_dL FALLING) ;

46 }
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=m ] BasicSettings  Advanced Settings
Sample Rate: 12.50 kS/s . ) .
Source Source 7
AID v ALl v
Enabled Enabled
Scale Vertical Scale Vertical
Volts/Div Position (Div) Volts/Div Position (Div)
|
5V v 03 5V v 43
Time/Div Type Slope
Edge -
Source Level (V)
p—
J Chan 1 Source 255
Horizontal Position (%) o

The two traces above are measuring the
signal on the driver outputs connected to
the yellow wire and the orange wire.

The direction of current flow in the coil

changes on every two steps.

Logic Ground
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DRV 8825 Bipolar
Stepper Controller

I POS Motor Voltage
g NEG Motor Voltage

Yellow
% Orange §

Blue
g Violet §
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— [=p )] Basic Settings  Advanced Settings
& LabVIEW Sample Rate: 12.50 kS/s annel 0 Settngs [

Source Source
AIO v All v
Enabled Enabled
Scale Vertical Scale Vertical
Volts/Div Position (Div) Volts/Div Position (Div)
I
SV v 0 5V v 43
Time/Div Type Slope
Source Level (V)
—
J Chan 1 Source . 255
Horizontal Position (%) <
10 '+
20ms |«

The two traces above are measuring the signal on IS—
the driver outputs connected to the yellow wire stepper Conraller || oS Motor Vlage
and the blue wire. [ ] e oot

The two signals are 90 degrees out of phase. %Orange §

When the motor is turning in one direction the e Ble
signal is leading by 90 degrees, in the opposite Vie

direction the signal is lagging by 90 degrees to the
other coil.

Logic Ground
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Modified Stepper motor with Hall Effect Sensor and magnet.

240 ohms / coils
7.5 degrees / step
Bi-polar

A Hall Effect sensor is attached
near the magnet.

The magnet is the same one
used on the DC motor with
three NS magnets that will
generate 3 pulses per
revolution.

The Hall sensor requires a 5 volt
supply and a 10 k pull up
resistor attached to the open
collector output of the Hall
sensor.

The Hall Effect sensor, and the magnet were added to measure the RPMs of
the stepper motor. The magnet has three N/S poles that generate three

pulses per revolution.
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— Basic Settings  Advanced Settings
&2 LabVIEW Sample Rate: 12.50 kS /! hannel 0 Settings [l

Source Source 7
AID v Al'l v
] Enabled [VIEnabled
Step signal Probe ~oupling Probe
Scale Vertical Scale Vertical
Volts/Div Position (Div) Volts/Div Position (Div)
|
2V v 03 2V v -4 3
Hall Sensor with magnet from DC Motor (shown on last pg.)
Time /Div Type Slope
Source Level (V)
—
J Chan 1 Source |« 2515
Horizontal Position (%) —
10 '+
0ms v U

The motor takes 480 ms. per revolution, 1/480 ms. = 2.08 revolutions per
second or about 120 RPM.
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s

A unipolar stepper requires a simpler driver circuit because coil current flows in
only one direction. The bipolar driver requires a dual H-Bridge. This example uses
MOSFET transistor which are much more efficient than bipolar transistors.
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Flyback, Flywheel, Transient
Suppression Diode.

5V O ®

1N4001 7% "

!

Inductive
Load

10k

Pin O—

ov O

Back EMF — Back Electromotive
Force.

When inductive loads such as relays,
solenoids and motors are switched
off the stored energy in the
magnetic field around the inductor
collapses. The collapsing field
produces a current in the opposite
direction than when the coil is
energized. Without the diode a high
voltage spike may damage
electronic circuits used to drive the
coil. Adding the diode provides a
path for the current to flow through
the diode and the load, preventing
damage to the electronic circuits.
During normal operation the diode
is reverse biased.
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DC Motor Switching and Control

Small DC motors can be switched "On” or "Off" by means of relays, transistors or mosfet circuits. The
simplest form of motor control is "Linear” control. This type of circuit uses a bipolar Transistor as a
Switch (A Darlington transistor may also be used were a higher current rating is required) to control the
motor from a single power supply. By varying the amount of base current flowing into the transistor the
speed of the motor can be controlled for example, if the transistor is turned on “half way”, then only half of
the supply voltage goes to the motor. If the transistor is turned “fully ON", then all of the supply voltage
goes to the motor and it rotates faster. Then for the linear type of control, power is delivered constantly as
shown below.

+Vce

This circuit shows the connections for a Uni-
directional (one direction only) motor control
circuit. A continuous logic™1" orlogic "0 is
applied to the input of the circuit to turn the motor
“"ON" or "OFF" respectively and a flywheel diode is Flywheel ZS
connected across the motor terminals to protect Diode
the transistor from any back emf generated by the
motor when the transistor turns "OFF". As well as
the basic "ON/OFF” control the same circuit can
also be used to control the motors rotational

Motor

- Input
speed. By repeatedly switching the motor current A
“"ON" and "OFF" the speed of the motor can be ON/OFF ‘IS'::r:g?sTc?r
varied between stand still (0 rpm) and full speed or MOSFET
(1009%). This is achieved by varying the
proportion of "ON" time (f,,) to the "OFF" time (L)
and this is called "Pulse Width Speed Control". Ov
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Relay Snubber Circuit

RC Snubber Network

[ n—1 |

Relay
Contacts

f\J SquW Inductive
Load
(L)

The snubber circuit reduces the peak voltages when an inductive load is
removed. If the control is a switch it reduces the spark across the switch. If
the control is an electronic circuit (transistor) the snubber prevents damage
to the electronics.
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Servo Motors



OO

ﬁ
O
O
o

O O

Left Position Center Position Right Position
1ms 1.5ms 2ms
R e R a—

N

RC Servos has been designed to accept the RC PWM signal which is nothing more than
a periodic pulse with a width of anything between 1.0 ms and 2.0 ms. Some systems
with more resolution will have allow for pulses in the range of 0.5 ms to 2.5 ms.
However, 1 ms to 2 ms is pretty much standard. The idea behind this position protocol is
that 1.5 ms commands the servo to go to the center position. A 1.0 ms pulse commands
the motor to attempt to reach its leftmost position and 2.0 ms to its rightmost position
Any pulse measuring in between 1.0 ms and 2.0 ms is decoded as a position in between
leftmost and rightmost. Since the remote control is analog, practically any position can
be attained

Servo Motor — used in robotics and remote controlled devices.

Position is controlled using PWM signal. The motor has a feedback potentiometer to
determine the current position of the output control arm. The servo motor moves
CW and CCW with about 180 degrees of movement. The servo has a gear train to give
it a greater torque.
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DC Servo Motors

* Another type of DC
motor is called a servo
motor. Servos are often
used for position
control.

4, ' * Aservo motor is
& controlled using a pulse

width modulated signal.
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The DC Servo Motor

DC Servo motors are used in closed loop type applications were the position of the output motor shatft is
fed back to the motor control circuit. Typical positional "Feedback™ devices include Resolvers, Encoders
and Potentiometers as used in radio control models such as airplanes and boats etc. A servo motor
generally includes a built-in gearbox for speed reduction and is capable of delivering high torques directly.
The output shaft of a servo motor does not rotate freely as do the shafts of DC motors because of the
gearbox and feedback devices attached.

DC Servo Motor Block Diagram

Rotation

QOutput
D.C. Motor el
Paosition
Sensor
A
-4
< Positional
Error Detection Input Signal

Amplifier

A servo motor consists of a DC motor, reduction gearbox, positional feedback device and some form of
error correction. The speed or position is controlled in relation to a positional input signal or reference
signal applied to the device. The error detection amplifier looks at this input signal and compares it with
the feedback signal from the motors output shaft and determines if the motor output shatft is in an error
condition and, if so, the controller makes appropriate corrections either speeding up the motor or slowing
it down. This response to the positional feedback device means that the servo motor operates within a
“Closed Loop System”.

Servo motors are also used in remote control models with most servo motors being able to rotate up to
about 180 degrees in both directions making them ideal for accurate angular positioning. However, these
RC type servos are unable to continually rotate at high speed like conventional DC motors unless
specially modified. A servo motor consist of several devices in one package, motor, gearbox, feedback
device and error correction for controlling position, direction or speed. They are controlled using justthree
wires, Power, Ground and Signal Control.

CAMB8302E F2018 Week 11

A servo motor consists of
four main sections:

e DC motor
e Gearset

e Potentiometer for
feedback.

e Electronic Circuit
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DC Servo Motors

e

Y L \
-« ———»| ELECTRONIC
PWM Signal R |

bocow,

Position
Feedback

Typical Servo Motor Servo Motor Block Diagram

B

The Servo Motor - Potentiometer

Control Electronics
Gear system

Servo Motor Block Diagram (2" image)

Servo Horn/Arm
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DC Servo MoTtors

Futaba e A servo motor connects to a
’:iik(. controller using three wires.
white ég%\ e One of the wires connects to
ground a second wire to 4.5 -6.3
volts DC.

e The 3 wire is the input signal. The
signal originated from a controller
producing a PWM output signal.

e The PWM signal has a period of 20
ms. The time high ranges from
about 1 to 2 ms.
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myDAQ Supply (+5)

Arduino

E Gnd

Pin 9

+5

Dout

Gnd

Gnd

PWM signal

Gnd

s

Supplies higher
current to Servo

6.0 VDC

Servo hardware
configuration.

Servo Motor Connections to Arduino: Connect the power for the servo to a 4.5
to 6.5 volt battery or DC power supply. The signal controlling the servo motor
shaft position is controlled using an Arduino PWM output.
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Daisy chain Link

Instruction Packet(ID=N>

Status Display LED

Main Controller

\ - = . J
N Status Packet(ID=N)

Smart Servos Connected To A Controller Offer A Much Cleaner Solution

Smart Servo Motor — used in
robotics and remote controlled
devices.

»  Smart Servos communicate
between a controller and many
servos through a serial link.

‘o)
-
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Make the servo movement

Of course you need to connect the servo motor. Now get your servo motor, and vou can find three pin hole. They
are:

Ground (0V)

Power (+5V)
Control (PWM)

180°

As we know, we are going to send a pulse to make the servo move. The pulse should be ranges from 1 to 2
millisecs.

1000 microseconds 1250 microseconds
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servo_motor_test_with_slider_Nov_11_2016

1 // Contrelling a servo position using a potentiometer (variable resistor)

2 // by Michal Rinott <http://pecple.interaction-ivrea.it/m._rinott>

3 // Mcodified by Michel Hanbury

4 // For CAMB830Z2E Nov. 12, 201¢

5

€ #include <Servo.h> // add serveo library

8 Servo myservo; // create serve cbject to contrel a servo Servo Motor
9

10 int slider = 0; // analeog pin used teo connect the potentiometer teStlorograrn'
11 int Analeg_In; // wvariable to read the value from the analeg pin

[y
N

int Serve_Angle;
13 wveoid setup()

14 [{

15 Serial _.begin (96€00); // 9600 bits/second to display variable data

le myserveo.attach(9); // attaches the serve on pin 9 to the serve cbject

17 '}

18

18 wvoid loopl()

20 {

21

22 Analog_In = znalogRead(slider); // reads the value of the potentiometer (value between 0 and 1023)
23 Servo_Angle = mzp(Analeg IN, 0, 1023, 0, 180); // scale it to use it with the servo (value between 0 and 180)
24 // adjusted for min of 0 deg to 180 deg.

25 myserve.write (Servo_Angle); // sets the servo pesition according to the scaled value
2e

27 Serial.print("Analeg In ");

28 Serial.print (Analeg_In);

23 Serial _print(" Serve Angle ");

30 Serial.println(Serve_Angle);

31

32 belay(lS); // waits for the servo to get there

33}
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Servo motor fully CCW. There are hard limits to the servo
position, do not drive the motor to the maximum or
minimum positions.

This screen captures shows a time high of ~0.9 ms.

Basic Settings  Advanced Settings

i LabVIEW Sample Rate: 200.00 kS/s charmel 0 ettings i channel 1 settngs [

Source Source

AID v Al'l v
Enabled [[Jenabled
Scalé Vertical Scale Vertical
Volts/Div Position (Div) Volts/Div Position (Div)
| P |
Program Output J J J J
2V | 05 v | 05
Analog In 186  Serve Angle 32 Time /Div Type Slope
. N Edge -
Analog In 186  Serve Angle 32 \ Source Level (V)
. Chan 0 S v 215
Anzlog In 186  Servo Angle 32 ) SO
Horizontal Position (%) <
S00us v [ | i
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Servo motor at the middle neutral position. This is normally
about 1.5 milliseconds.

This screen captures shows a time high of ~1.5 ms.

[} Basic Settings  Advanced Settings

E LabV|EW. Sample Rate: 200.00 kS/s 1 0 Cathinne .

Source Source

AIO v A1 v
Enabled [Jenabled
Scalle 7Verﬁca| Scale Vertical
Pro gram Out p ut Volts/Div  Position (Div) VoltsDiv  Position (Div)
PR RIS
Analeg In 515 Servo Angle S0 2V [ o 1w [v 0l
Analeg In 515 Servo Angle sc &~ x
Analeg In 515 Servo Angle S0 —— Type Stope.
Edge v
\ Source Level (V)
‘J Chan 0 Source| . 22
Horizontal Position (%) =
S00us v [ ] 10fe
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i HHIHI

Servo motor fully CW. There are hard limits to the servo
position, do not drive the motor to the maximum or
minimum positions.

This screen captures shows a time high of ~2.1 ms.

=] Basic Settings  Advanced Settings

i LabVIEW Sample Rate: 200.00 kS/s channel 0 Setiings [ channel 1setiings [l

Source Source

AIO v Al v
Enabled [Jenabled
Program Output Probe
Scale Vertical Scale Vertical
Analeg In 85¢ Servo Angle 150 Volts/Div Position (Div) Volts/Div Position (Div)
Analeg In 855 Serve Angle 150 | A |
Analeg In 855 Servo Angle 150 _j _) _J .J
2V | 05 v | 03
Time/Div Type Slope
Edge ~
\ Source Level (V)
) Chan 0 Source| . 212
Horizontal Position (%) <
S00us [ [ | 10 v
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Screen capture showing the period of the PWM for the Servo. The period equals
20 milliseconds. It is the time high that is changed to control position.

— [=n]] Basic Settings  Advanced Settings
u LabVlEW Sample Rate: 50.00 kS/s I .

Source Source

AIO v Al 1l v
Enabled [CJenabled
Scale Vertical Scale Vertical
Volts/Div Position (Div) Volts/Div Position (Div)
5> U J )
2V | 0 1V e 02
Time/Div Type Slope
/ Source Level (V)
-J Chan 0 Source |« 25
Horizontal Position (%) <
10+
S5ms | '




INA

PWM |
CS
ENB/DIAGB

19]]043U020.191W

(typically 2.5-5 V)

DC Motor Controller can handle 12 Amps at 24 volts.

Direction and speed control.

GPIO INB
vDD VDD _&
GND GND

VOUT
GND
+ -
logic power

Easy interface to PLC, myDAQ or Arduino.

CAMB8302E F2018 Week 11

VIN

+ -
motor power
(5.5-24 V)

FiPololu
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