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Course Introduction LU EUE L A S Tr s

and control applications

The aim of this course is to learn to programming in and industrial context.
There are two ways you can do this:

. Embedded programming
. PC based programming

Embedded programming

The controller used in this course is a Matrix Allcode MIAC. This is a controller based on a pow-
erful dsPIC microcontroller with 8 analogue or digital inputs, 4 transistor outputs, 4 relays and
RS232/RS485 and CAN bus communications interfaces. Some models also are available with
Wi-fi and Bluetooth.

If you want to learn embedded programming then you can do this using Flowcode embedded,
Microchip’s MPLAB and other C and BASIC compilers that are widely available.

If you want to use the Allicode MIAC as an embedded target then you will write over the APl in
the MIAC which is useful for PC based programming. This is not a problem as you can reinstall
it later on. (See MIAC AllCode firmware link on the Matrix web site.)

PC based programming

The Allcode MIAC is shipped with an Application Programming Interface which is effectively a
small operating system that has commands for getting data from the inputs, and for setting the
status of the outputs. This allows you to use a variety of languages for learning PC based pro-
gramming including MATLAB, LabView, Flowcode App Developer and other languages. The
Allcode MIAC can be used with USB or Bluetooth.

Using this course

The course is not structured around any one programming language. It gives you a number of
tasks which when completed will give you a good background in industrial programming.

Example API Commands

Command Number Description Parameters Returns
6 Relay Control Channel (1-4) 0

State (0-1)
Command Number Description Parameters Returns
7 Transistor Control Channel (1-4) 0

State (0-1)

Copyright 2009 —2016 Matrix TSL
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Worksheet 1 Industrial sensor, actuator

Basic Outputs

and control applications

Digital signals always have two unique voltages associated with them to represent the two
unique digital states of 0 and 1. These voltages are commonly 0V and 5V but there are also
many others. RS232 for example is a digital communications bus that uses -12V and +12V
as its state representation.

a—

T { There are many different kinds of
- lamps, displays and actuators in an
&(?j industrial system. Collectively these
‘ are known as ‘output devices’.
Emergency Exit Light Solenoid Valve

Industrial programmable logic controllers (PLCs) have different types of outputs for driving
devices with differing current demands.

PLC'’s typically feature the following output peripherals:
e Low current transistor outputs, (MIAC - labelled A to D).
« Higher current relay outputs, (MIAC - labelled Q4 to Q).

Transistor outputs can vary the current delivered by rapidly pulsing the output, which means
they can alter lamp brightness and motor speed.

Relay outputs are relatively slow to change and exist in the on or off state. However relays
can switch a great deal more current than transistors due to their mechanical nature.

CAN RS232 /RS485

A A b A B A
Over to you: - © g ©
1. Build the system shown opposite. D [P . EOmO
2. Power the MIAC using a 12V D.C. D
I -

supply oo
3. Create a simple program to go T

through each of the transistor out- Psu

puts switching one on at a time. I T Y Y
Taking this further: _:
To take this further connect the output .

et 11 % i ] § et

devices to the relay outputs and
modify your programs to take control

of the relays. 15t 1
i} y s
15 et it 35 It 55 i}

ot It It o i iet It

A /
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Industrial sensor, actuator

and control applications

[ A useful function for a PLC is to be able to switch between a
Green series of states. A common term for this is a finite state
machine where the system can be in any one of a finite
! number of preset states. To the left you can see a finite state
Amber machine for a generic traffic light system.
: In the system shown there are four unique states that the
Red lights can be in. Therefore the system we will design will
l need to be able to switch between these four states assign-
Red + Amber ing different values to the outputs depending on the state
| they are in.
Over to you: CAN RS232 / RS485

1.
2.

Build the system shown opposite.
Create a simple program to control
the LEDs to simulate a set of traffic
signals.

. Start by assigning output values for
each LED for a single state.

. Add a counter to keep track of your
current state and then start adding
decisions into your program based
on the state.

. Modify your output values
depending on the current state.

. If you are using Flowcode App

Developer use state diagrams to

achieve the same result by

creating a ‘state machine’.

. .80 @000

D use RELAYS ——
®0000000 ol ——

AT

TdrIX

0]

w ow ow o )

moTors M
= ]

ot

8 8 g i# o it i
%] ©) EI E:E E
® O [
p Ry y e Jo il il
et ot I g I et
i<t Il e I I I

State machines are used a great deal in control systems to switch between different states
or modes of operation. State machines are so popular in industrial systems because you
can use them to plan and control the operation of the task from start to finish.

Here is a basic State machines for making a cup of tea. Note the state and then the associ-

ated decision to move to the next state

Fill Kettle, Kettle Full?, Power Kettle, Water Boiled?, Pour Water, Teapot Full?, Add Tea-

bag, Tea Brewed?.......

Copyright 2009 —2016 Matrix TSL
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Worksheet 3 Industrial sensor, actuator

Pulse Width Modulation and control applications

So far we have considered circuits that
provide only two levels of power to an output.
Fully on or fully off.

However, in many situations, we want to control
the speed of the motor and this requires a new
technique.

12A D.C. Motor

To vary the speed of a motor you need to vary the power supplied to it. The two easiest
ways of doing this are to vary the voltage, or vary the duty cycle of the motor supply. Var-
ying the duty cycle is the most common method and this is explained here.

Speed control using a varying voltage:
. when the MIAC output is a constant OV then there is no power supplied to the motor;
. when the MIAC output is a constant 12V then maximum power is supplied to the motor.

Speed control using a pulsed output to the motor.
In the first oscilloscope trace, on the right, you can see that the duty 12V
cycle transistor output is seldom on (10% Mark / 90% Space). The

power transferred is small, and therefore the resulting speed is low.
ov

In the second trace, you can see that the duty cycle transistor output is 12v
mostly on (90% Mark / 10% Space). The power supplied to the motor

is much higher, and therefore the resulting speed is high.
ov

This technique of pulsing the output to vary the speed is known as Pulse Width Modulation
or PWM for short.

The ratio of the time for which the pulse voltage is high to the time for which the pulse volt-
age is low is called the ’duty cycle’.

Copyright 2009 —2016 Matrix TSL



Worksheet 3

Pulse Width Modulation

Over to you:

1.
2.

Build the system shown opposite.
Create a simple program to enable
PWM on channel 1 (A) and then
ramp up the duty from 0 to 255 and
repeat.

. Next repeat this exercise for PWM

output channel 2 (C).

. Take the black wire, disconnect it

from the OV terminal and connect it
to output terminal B.

. Switch on output B and monitor

what happens to the Bulb and the
motor as the PWM ramps up.

Taking this further:

By adding a switch and a potentiome-
ter to your circuit try to create a direc-
tion and speed control for the motor.

Output B =1/ PWM 10% Mark & 90% Space

12v

ov
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Industrial sensor, actuator

and control applications

PsSU

CAN

Most modern industrial control units will have some form of PWM output.

R$232 / RS485

© Y ©
V+@‘® 'lg-@

AT

diilIX

PSU

o usB

A A RiR-R

RELAYS ——
al =

moTors KM

B D

The MIAC has two hardware driven PWM channels connected to transistor outputs A & C.

i

i

il

it

iq
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12v

ov

For the two examples below determine the motors direction and speed.

Using output B we now have control of both the speed direction of the motor.

When output B is high the current is supplied from the output and exits via the PWM.

Output B =0/ PWM 90% Mark & 10% Space

When output B is low the current is supplied from the PWM channel and exits via output B.
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Basic Inputs and control applications

There are many different kinds of inputs
and sensors in a modern industrial
system. Some are controlled by an
operator (like a light switch) and some by
factors in an industrial process itself - like
a temperature sensor.

Each sensor provides an input signal -

Indicator stalk houses several types Pressure switch often directly into an industrial PLC.

of switch

The sensors in any industrial system can be divided into two types: analogue and digital
The inputs on the MIAC PLC are compatible with both analogue and digital signals.

Digital sensors have a two state output, usually either ‘on’ or ‘off’. The power supply
used determines the voltages corresponding to these two states - often 10V (on) and 0V
(off).

Analogue sensors have a continuous output normally ranging between the supply
voltage and 0V. Analogue sensors will be covered later in the course.

Commands used in this worksheet

Command Number Description Parameters Returns
1 Digital Input Channel (1-8) Input State (0-1)

Command Number Description Parameters Returns

2 Digital Multi Input - Input 11 (0-1)
Input 12 (0-1)
Input 13 (0-1)
Input 14 (0-1)
Input 15 (0-1)
Input 16 (0-1)
Input 17 (0-1)
Input 18 (0-1)

Single digital input channels are sampled by issuing command number 1.
The entire set of input channels can be sampled by issuing command number 2.

Copyright 2009 —2016 Matrix TSL
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Worksheet 4 Industrial sensor, actuator

Basic Inputs and control applications

Like digital outputs, digital inputs have two distinct voltages to represent the binary values of 0
and 1. These voltages must be decided before designing your system to match the peripherals
and other devices attached to the system. PLCs generally use either 12V or 24V for a logical 1
input voltage and OV for the logical O input voltage.

Symbols and components

s S0

The circuit symbols for the components can be seen
clearly on the carriers.

Toggle Momentary
switch switch
. PSU 1':v _ CAN ! /\] RS/R5485
SPDT switch ofORo
’iﬁﬁu eeeooeee al -~

Over to you:

1. Build the system shown opposite. ZATRIX

2. Create a simple program to read "

the digital state of the switches. IO Y YRR

3. Display the switch values on the
screen if using VB or Labview, or
on the MIAC’s LCD if using Flow-

code. 3 o] It ] | It sl It
Taking this further:
. bt b 14 51
To take this further you can add more
switches to your circuit and then mod-
ify your program to sample all the o I 1
switches at once.
e It iof It ot Iof iof
ot Iof ot 1ot Iof I Iof

The toggle switch and momentary switch allow for a signal or voltage to be connected or discon-
nected.

The single pole double throw (SPDT) switch allows for a selection between two signals or volt-
ages. Eg OV and 12V.

Copyright 2009 —2016 Matrix TSL
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Pelican Crossing
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Industrial sensor, actuator

and control applications

By combining the previous worksheets we can now create a fully functional pelican crossing
system. By using Flowcode Embedded or MPLAB we can create a low cost embedded de-

vice to control the system.

By using Labview or Flowcode App Developer we can create a high performance front end to
our embedded system which will let us monitor and control the operation of the system in real
time on a PC.

Green

Switch
Pressed?

}

I RED

v walk

Press to walk

I~ AMBER

™ GREEN

Visual Basic Pelican

Crossing Example

Amber

|
Red + Walk

|
Red + Amber
[

Example Pelican Crossing state Machine

Over to you:

1. Build the system shown opposite.
2. Create a simple program to control
the state of all four signal lights.

3. Next poll the input with the press
switch connected to stop and start
the state machine

Taking this further:

Add more states to the state machine
to allow the pedestrian walk light to
flash, warning the user that the lights
are about to change.

Labview Pelican Crossing
Example

. (!J
L U @

o use RELAYS ——
e0000000 )

’ﬂoa’-ﬂu g

7adirIX

PsSU

‘A AR

Copyright 2009 —2016 Matrix TSL
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Worksheet 6 Industrial sensor, actuator

Stepper motors and control applications

DC motors are cheap and reliable but are not
suitable in systems which need a measured
and precise amount of movement or rotation.

Production line using stepper motors Car Idle valve stepper motor

Stepper motors use four internal windings. As the name suggests, these allow the rotor to
be moved in small steps - forwards or backwards. Stepper motors vary in the number of
steps they provide in one full rotation. The stepper motor we use takes 48 separate steps
per revolution, giving it a positional accuracy of 7.5 degrees.

Stepper Motor Full Step Profile The four coils in a stepper motor must be
energised in the correct sequence to allow
A B C D the motor to rotate correctly.

Step 1 0 0 0 1 Reversing the sequence allows the motor

Step 2 0 1 0 0 to turn in the opposite direction.

Step 3 0 0 1 0 As the stepper motor uses 4 distinct steps
to allow it to rotate this can again be used

Step 4 1 0 0 0 to create a FSM.

When the coils in a stepper motor are energised, the motor will rotate to the new position
defined by the step profile. If the coils remain energised then the motor will be held in a
fixed position. This is called holding torque and is useful for quickly stopping the motor or
for retaining a shaft in a fixed position.

Warning: if the coils remain energised for too long then they will begin generating heat.
This heat build up may decrease the life span of the motor so it is vital to switch off all
outputs to the motor as soon as the motor stops moving.

New symbols and components

Stepper
motor

Copyright 2009 —2016 Matrix TSL
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Worksheet 6

Conveyer Belt

Over to you:

1.
2.

Build the system shown opposite.
Create a simple program that
will rotate a stepper motor.

. Next modify your program so that
the motor only rotates when the
first switch is pressed, switch off
all four outputs when the switch is
not pressed.

. Next modify your program so that
when the second switch is
pressed the motor will rotate op-
posite direction.

. Using the table below add a

further 4 steps to your state

machine to allow the motor to half
step.

Taking this further:

To take this further add two other
switches into the system and use
them to speed up or slow down the
motor. Alternatively you could use
the switches to store and restore the
current motor angle.

Half stepping effectively doubles the
resolution of the stepper motor by
alternating between one and two
active coils.

Using half stepping the stepper
motor we use takes 96 separate
steps per revolution, giving it a posi-
tional accuracy of 3.75 degrees.

Page 12

Industrial sensor, actuator
and control applications

Ps!

U oy
. ©
\23 ov, @ L

CAN

b ©
Geg

R$S232/RS485

RELAYS
al

——

—-—

2diniX

PSU

v+ \E V+@@@

35 5 i ie 35 iel 7o}
55 el io] 1o Il i it
Stepper Motor Half Step Profile
A B C D
Step 1 1 0 0 1
Step 2 0 0 0 1
Step 3 0 1 0 1
Step 4 0 1 0 0
Step 5 0 1 1 0
Step 6 0 0 1 0
Step 7 1 0 1 0
Step 8 1 0 0 0

Copyright 2009 —2016 Matrix TSL
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Worksheet 7 Industrial sensor, actuator

Analogue sensing

and control applications

There are two types of sensor, analogue and digital.

Analogue sensors provide more information than just the

~ sensor being 'on’ or 'off and can be used to more accurately
~ interpret the state of a system. They provide information

| about how full?, how far?, how many?, how hot? etc.

Faks,

Fuel sensor with float

To allow a analogue signal to enter a digital based

Voltage  Analogue Reading system such as a PLC or microcontroller we first

g 22 have to convert the analogue continuous signal into
4 85 a digital discreet signal.
6 128 The MIAC unit converts analogue signals into 8-bit
8 171 digital bytes so the maximum reading can be 255
10 213 which represents an input voltage of 12V.
12 255

Analogue to digital converters (ADC) have Analogue Reading vs Voltage

a fixed resolution measured in bits. That is
the number of binary 1s and Os used to
store the resulting signal. The MIAC is ca-
pable of generating 10-bit ADC conversions ? /
or 1024 potential signal levels. However for 1
simplicity we have limited the MIAC to 8-bit . //

6

ADC measurements or 256 potential signal

levels. /
4
voltage Source +V 2 /
Example MIAC 0 . . . . .
a_nalt_)gue input 0 50 100 150 200 250 300
i_ _____ circuit Analogue Reading
| MIAC Sensor
| gudnﬂféqigl* Resistance ADC Conversion
I
I | Analogue Input Most analogue sensors work by varying a resistance. A poten-
I rternal tial divider circuit generates a voltage that is proportional to
I Resistance the resistance of the analogue sensor. To reduce the cost and

number of external parts the other half of the potential divider
circuitry is inside the MIAC industrial controller unit.

Ground OV
i MIAC Slave Input Commands i
1 1
1 1
' Command Number Description Parameters Returns '
' 3 Analog Input Channel(1-8) Input(0-255) |
1 1

Analogue input channels are measured (sampled) by issuing command number 3.

Copyright 2009 —2016 Matrix TSL
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Worksheet 7 Industrial sensor, actuator

Analogue sensing

and control applications

Converting an analogue reading to a sensor reading

An analogue input reading simply tells you the voltage present on the input pin of the device.
There may be a fairly complex calculation required to convert the voltage reading to a useful
sensor reading.

Here is the calculation for the Locktronics thermistor when used with the MIAC PLC device.

Resistance = 10000 x ( (12 /(0.05 x ADC_Reading))-1)
Temperature =(1/((1/298.15)+ ((1/3950) x LN( Resistance /4700)))) - 273.5

Due to the fact that the calculation is fairly complex we would be better off processing the data
using the PC side software rather then trying to do the calculation on the actual PLC or micro-
controller. This allows our embedded device to perform much faster.

One way to perform such a calculation on an embedded device would be to use a lookup table.
In a lookup table the temperature data is pre-calculated for each of the 256 possible analogue
input values. The embedded device then simply has to pull a temperature value out of memory
that corresponds to the current analogue reading.

Over to you: -

1. Build the system shown opposite. 99« . ©0 . O © ' © ©
The thermistor carrier is an analogue RELAYS -
sensor. It is equivalent to the temper- AT -

ature sensor in a thermostat or freez- D g

er. Touching the temperature sensor

is like increasing the heat inside the 2a7IX
appliance.
2. Create an application to sample the + v ) o o
analogue sensor and display the re-
sult.
3. Use the calculation shown above to
convert the analogue voltage reading 2 2 ¥ 2 H H 2
into a temperature reading.
It It il 1o It
Taking this further:
To take this further you try and graph
. . : 5t 2t S 3t ]
the temperature readings against time
or switch LEDs on or off depending on
the temperature. i et it ! it it it
15 Jet 15 15 1o 1o 1o

Copyright 2009 —2016 Matrix TSL
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Worksheet 8

Detecting Faults 1
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Industrial sensor, actuator

and control applications

than

Over to you:

1. Build the system shown opposite. It
contains a resistor that allows the
warning bulb to be monitored.

2. Create a program that allows you
to switch the bulb on and off at will
using the digital switch connected
to I1.

3. Add an analogue sample function
to your program for input channel
|2 and watch the analogue value
change as you switch the lamp on
and off.

4. Add an output to your program to
switch on the red LED if the ana-
logue signal does not respond
when the lamp is switched on, re-
move the bulb and test to ensure
your broken bulb detector is work-
ing correctly.

Taking this further:

To take this further add a second bulb
and resistor combination and use two
analogue inputs to detect which bulb
is missing or damaged.

In modern industrial systems, PLCs are used for much more

control. They can also report on the status of the system

and many of its components.

In this landing gear system, the PLC can detect if the main
landing gear is damaged and therefore inform the pilot and
flight control so that they can both react accordingly.

Warning or hazard lights also need to be verified
to ensure that people are aware of the warning or
hazard in question. If the light fails to come on
then a siren can sound indicating the light failure.

2 PSU 12v CAN RS232 /RS485
> 0.:882899¢9
Qo=

TdrdlX

PSU

V+ Ak V+ @ @ @I

et
o]
et
Ig et ot i et i o}
J<t o fof 1ot et iof o}

Modern industrial systems are designed with stringent fault detection in mind. Can you think of
any other applications where the PLC should automatically react to faults?

Copyright 2009 —2016 Matrix TSL
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Worksheet 9 Industrial sensor, actuator

Detecting Faults 2 and control applications

It is often difficult to detect a faulty reading when using analogue
sensors. If a sensor is shorted to one of the power supply rails then
the input into the PLC would still resemble a valid signal. We can im-
prove this by adding a section of the analogue signal that is effec-
tively out of bounds.

Industrial Press

Over to you:

PSU CAN RS232 / RS485

U
JJ.00e@0@9@ 1

-, . Build the system shown opposite.

SRS e = It contains a potentiometer which

) we can assume is supplying our
analogue sensor signal.

2. Create a program to read in the

s s si.gnal from the potentiometer.

Psu r c 3. Light up the green LED if the ana-
w o bl o o logue signal is between the values
50 and 200.

4. Light up the red LED if the ana-
logue signal is outside of the val-
ues mentioned above.

5. Short input 11 to +V and 0V and
make sure that the system is de-
tecting the fault correctly.

AT

Taking this further:

Can you think of any other faults that
could occur in a system? How could
ol ol ot ol et ot ol you use electronics to allow your
controller to check for these faults.

In fault critical systems such as rockets and industrial processes where a fault could have cata-
strophic consequences it is important to track and keep on top of all problems as they develop.

Some manufacturers use multiple sensors to monitor the same events, then if the sensor read-
ing do not tally from sensor to sensor then the PLC knows there is a problem.

In more advanced fault detection systems there are multiple PLCs as well as multiple sensors.
Each PLC then votes as to what it thinks the valid sensor reading should be, the votes are com-
pared and the majority is accepted. Again the PLC monitoring the votes will know there is a
problem if the votes do not tally correctly.

Copyright 2009 —2016 Matrix TSL
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Worksheet 10 Industrial sensor, actuator

Open Loop Control and control applications

Open loop control system

Input System Output

The two main types of control systems used in a PLC are open loop and closed loop.

In a open loop system, the output state of the system is being controlled but is never moni-
tored to make sure it is correct.

In a closed loop system, the output state of the system is fed back into the input, so that
the system can check when the desired outcome has been attained. More on this later.

Worksheet 10 Open loop control system

Potentiometer MIAC D.C. Motor Speed

v CAN l RS232/ RS485
.96296@0

Over to you: . S

Q-

1. Build the system shown opposite.

2. Create a Flowcode, Labview or
Visual Basic program to read in
the signal from the potentiometer. 2277IX

3. Forward the analogue signal from =
the potentiometer to the PWM vow W
driving the Motor.

Taking this further:
At the moment we have no way of jol iol ol i o] it ist
knowing the motor’s actual speed, its
shaft position or even if the motor is
connected to the system at all.

Suggest a way of improving this con-

trol system by adding an extra sen- ot ok o o
sor to close the loop and allow feed-
back from the motor output.

et sl it It It ot Iof

Copyright 2009 —2016 Matrix TSL
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Worksheet 1 1 Industrial sensor, actuator

Closed Loop Control

and control applications

Closed loop control system

Input System Output

T |

The light level sensor circuit shown below is a closed loop. The lamp lights up the area. A
signal from the light sensor (phototransistor), indicating the current light level, is fed back
to the system and compared with the desired light level, set by the potentiometer signal.
The system can then know if and when the desired light level has been reached.

Worksheet 11 Closed loop control system

Potentiometer Scaling MIAC Lamp Brightness

Sensor

PSU CAN RS232 / RS485

). .8000909

PN Over to you:

al |

1. Build the system shown opposite.

2. Create a Flowcode, Labview or
Visual Basic program to read in
the signal from the potentiometer.

3. Forward the analogue signal from
the potentiometer to the PWM
driving the Lamp.

4. Modify the analogue signal to
combine the signal from the LDR.
The signal should be 90% potenti-
ometer and 10% LDR error.

Taking this further:

Suggest another closed loop control
system and use the MIAC PLC and
the Locktronics components to build
and test your proposed system.

Copyright 2009 —2016 Matrix TSL
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Industrial sensor, actuator

and control applications

Controlling an output using Flowcode

Flowcode uses icons called component macros to call pre-made

inbuilt functions on the MIAC.

Functions are available which allow both the transistor or relay
outputs to be switched on or off digitally.

Properties: Component Macro

| Call Component Macro

# kAL kLA (0]
] Outpuatd. .. OutputOM[T]

Decizion

T 3
Wwhich Output? <1=4, 2=B, 3=C, 4=D> [BYTE]

Controlling a PWM channel using Flowcode
Flowcode uses icons called component macros to call pre-made
inbuilt functions on the MIAC.

Functions are available which allow two of the transistor outputs
(A & C) to output pulse width modulated digital signals.

Properties: Component Macro

Display name:  |Switch Off Rieiap Output 3 If =1|f State 7
Companent: Macra: S tgte/(es
Pl 2 N . Trangistor & On
e o MIAC(D) Py MIACT)
DupuOFF v Tranziztor & Off CutputOM. .. 4 Y DutputOr[1
b MIAC) MIACO]
EOutputOF ... CutputOFF
H— Dizplay name: |SW|tch On Trangistor Output A —
Component: Macro;
,— P g:ltaKEﬁad ~
RelayOFF
ﬂ Output0FF v

Double clicking on the component icon will
cause the icon properties to open allowing
the component function to be selected and

|1 Wariables...

parameters to be passed.
| I]
ﬂ ok Cancel |

Dot yoycle

|__:'Eeri|:||:| = 2000 u=

tl |_4tll,u::l,u::IE: =16 %

Flowcode PWM Component

i : Enable Fhasb Ch | .
Display name:  |Enable anne Enabling a PWM Channel
Component: I acro;
- P
Properties: Component Macro
SSL?E\?-:—?T Display name: |Set Pt Diuty Cecle
,— Compaonent; M acro:
! Enable ~
Dizable
l— ChangePeriod
SetDutyCycls] Obit v
Parameters: H
ﬂ M EYTE) rDU{EYTE) Changing the duty cycle for a PWM channel
[1. 255 Yarables...
7 oK Cancel |
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Industrial sensor, actuator

and control applications

Reading an input using Flowcode

Flowcode uses icons called component macros to call pre-made

inbuilt functions on the MIAC.

Functions are available which allow inputs to be read as digital or '

| Call Component Macra

MIACIO) ? MIACIO)
[1=lrputDIGITALN

1=lnputD...

analogue representations of the incoming signal.

Properties: Component Macro

Variable Manager

|5 ample Digital Charnel

Reading BYTE

Wariable Name | Wariable Type ‘ Add New Yaiiable. .

AT MIACT) MIBLT0]
FReading=... R eading=lnputDIGI TALIT]

[oetevaintie ]

_Berame Vet |

_ troysie. |

Close

Digplay name: |Sample Digital Charnel

Component; Macro;
InputaMNALOG
Getkeypad 7 C
RelayON [4] e
RelavOFF

Parameters:

which Input? <1 to 8 [BYTE)

|1 Wanables...

Returm Value:[BYTE]

|Heading ﬂ Yarniables. ..

2] oK | Cancel |

In Flowcode you require a variable to store the
digital representation of the input. If you are
reading a digital input then the variable will be
assigned the value of 0 or 1 to represent OV or
12V.

Reading an analogue input using Flowcode

Flowcode uses icons called component macros to call pre-made
inbuilt functions on the MIAC.

Functions are available which allow the input channels to be
sampled using an onboard analogue to digital converter (ADC).

| Call Component Macro
MIALCO)
Outputd...
T

K

Properties: Component Macro

Dizplay name: |Sam|:||e analogue channel 11
Caniponent: b acra:
InputD GITAL A
Getkewpad
RelaydM
RelaydFF b
Parameters:
Wwhich Input? <1 ta 8 (BYTE]
|'| Wariables. ..
Return Value:[BYTE]
|apC | Warisbles..
? ok | Concel |
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A program in Labview is made up of a front panel and a block diagram.

The front panel houses all of your front end graphical user interface where as the block diagram
contains all the code to drive the program functionality.

The example Labview program uses a structured case statement to
connect to the MIAC perform an operation and then disconnect.

Connect Process Disconnect

10 0000000000000 0000000000000000000000000000000000000000020

[Connect ko MIAC via USE] [Close MIAC USE Connection ]
Defaulk: vid_12bfapid_0210 TTE B
Default; v Bl | . Connected
_onnecte
& Eool .
Ilzhfl.... LSS ooean ﬂ =z Biool (skrick]) ﬂ
0z10 - 2FEM = [ o b Valoe
TF CLOSE i
I:|I:|E|E|E|I:|E|E|I:|E|E|E|I:|E|E|I:|DI’JDDDDDDDDDDDDDDDDDDDN\D:|E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|
Several Pre-Made Labview Vls have This is a loop that will run forever until
peen crgated to allpw for easy MIAC Disconeck you close the program or click on the
integration. These include a connec- C-] — disconnect button
tion routine, send and receive routine

and a disconnection routine.

This is the basic front panel to go with the example block diagram shown above. You notice we

have a LED to signify if the MIAC is connected successfully and also a disconnect button to dis-
connect the MIAC once we have finished using it. This allows it to become available for any oth-
er application.

Controlling an output using Labview

Labview communicates to the MIAC device using pre-made data
transfer virtual instrument named “USB_Transfer (SubVI).vi” which
can be found on the website.

Transistor outputs are controlled using command number 7.
Relay outputs are controlled using command number 6.

UzE
[Transfer

ransistor Cubpuk A

Here is an example of how to use a Boolean switch in Lab-
view to control a transistor output on the MIAC.

The example sends command 7 to take control of transistor
output 1.

UzE
[TranzFe

Labview output example
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Controlling PWM using Labview

Labview communicates to the MIAC device using pre-made data transfer sub vi named
“USB_Transfer (SubVI).vi".

= LEE
O+ LEE - vy
E:[ Transfe : I Bulb Brightness E:[

|Eu||:| Brightnessl s E
{1]:]

Enabling PWM Disabling PWM
Modifying the PWM duty cycle

LIZE
TranzFen

oo
+ + *

Reading an input using Labview

Here is an example of how to read an input on the MIAC and forward to a Boolean LED in Lab-
view.

The example sends command 1 with a channel parame- —, g [ use |4 w2
ter of 2 to allow the digital representation of input chan- S [Transte @ o i
nel 12 to be read. TE

The example collects the data returned by the USB transfer VI and uses a conversion followed
by an array index to retrieve the single byte return value. This is then compared with the number
1 to generate the Boolean signal required by the LED indicator.

Reading an analogue input using Labview

Here is an example of how to read an analogue input on the MIAC and forward to a numeric

slider in Labview.

) [read Analogue Channel 1]
The example sends command 3 with a channel parameter 5_i
of 1 to allow the digital representation of input channel 11 to e e e @ . :
be read ITransfed E i
The example collects the data returned by the USB transfer VI and uses a conversion followed

by an array index to retrieve the single byte return value. This is then sent directly to the input
for the slider.
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The MIAC industrial controller has a predefined number of built in commands when
using it as a slave to the PC. This allows for easier integration with PC side software
such as Labview or Visual Basic. Throughout this manual the specific commands used
for a particular worksheet have been highlighted. Following is a complete list of the
available commands that drive the MIAC controller.

Command Number  pegcription Parameters Returns
1 Digital Input Channel (1-8) Input State (0-1)
2 Digital Multi Input - Input 11 (0-1)
Input 12 (0-1)
Input 13 (0-1)
Input 14 (0-1)
Input 15 (0-1)
Input 16 (0-1)
Input 17 (0-1)
Input 18 (0-1)
3 Analog Input Channel(1-8) Input(0-255)
4 Read Keypad Buffer - Keypad Press (0-8 or 255)
5 Clear Keypad Buffer - 0
6 Relay Control Channel (1-4) 0
State (0-1)
7 Transistor Control Channel (1-4) 0
State (0-1)
] Multi Output Control Output Value (0-255) 0
Output Mask (0-255)
9 Display Clear - 0
10 Display Cursor Position X Coord (0-15) 0
Y Coord (0-3)
11 Display Number Number Low (0-255) 0
Number High (0-255)
12 Display String String Data 0
13 PWM Enable Control Channel (1-2) 0
Enabled (0-1)
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Command Number Description Parameters Returns
14 PWM Duty Control Channel (1-2) 0
Duty (0-255)
15 PWM Period Control PWM Prescaler (0-2) 0
16 PWM Overcurrent Check - Overcurrent State (0-1)
17 EEPROM Write Address (0-255) 0
Data (0-255)
18 EEPROM Read Address (0-255) Data (0-255)
19 CAN Set Data Number of Bytes (0-8) 0
Data0 (0-255)
Data1 (0-255)
Data2 (0-255)
Data3 (0-255)
Data4 (0-255)
Datab (0-255)
Data6 (0-255)
Data7 (0-255)
20 CAN Send Message CAN ID Low (0-255) 0
CAN ID High (0-7)
21 CAN Check Incoming - CAN ID Low (0-255) *
CAN ID High (0-7)
22 CAN Get Data - Number of Bytes (0-8)
Data0 (0-255)
Data1 (0-255)
Data2 (0-255)
Data3 (0-255)
Data4 (0-255)
Data5 (0-255)
Data6 (0-255)
Data7 (0-255)
23 Register Read Address Low (0-255) Register Data (0-255)
Address High (0-255)
23 Register Write Address Low (0-255) 0

Address High (0-255)
Register Data (0-255)

* If both the CAN ID Low and CAN ID High are 0 then no CAN message has been received.
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About this course
Introduction
The course combines Locktronics equipment with a MIAC industrial controller unit to teach the
basics behind industrial control. Locktronics equipment makes it both quick and simple to con-
struct and investigate the electrical circuits used by industrial controller units. The end result
can look exactly like the circuit diagram, thanks to the symbols printed on each component car-
rier. With the Locktronics circuit assembled students are free to use their programming
knowledge to create programs to drive various aspects of industrial machinery and processes.
The MIAC interface is very flexible: you can use it for embedded microcontroller programming
and for programming with a PC using an API. The course is programming language agnostic.

Aim
The course aims to introduce students to programming industrial controller units to allow them
to interact with the types of sensing and control circuits used in industrial machinery.

Prior Knowledge

It is recommended that pupils have prior knowledge in the programming languages chosen to
complete the course. It is also recommended that the course is completed in a single language
and then maybe repeated with an alternative programming language to reinforce learning.

Learning Objectives

On successful completion of this course the pupil will have learned:

¢ to distinguish between analogue and digital sensors;

o that simple digital sensors have a two-state output - either open (off) or closed (on);

o that digital sensors have a high resistance when open, and a small resistance when closed,;

¢ that simple digital sensors output a signal either at 0V or at the full power supply voltage;

¢ the circuit symbols for a range of switches, bulbs and sensors;

o that some components are polarised, so that they work properly only when connected the right way round;
e that a controller can be programmed to recognise a high input voltage as the switch being either ‘on’ or ‘off’;
o that output devices require a variety of current levels to make them operate;

e thatrelays can be used to deliver currents up to around 40A;

o that transistors are much faster then relays in switching on and off;

e how to connect a control unit to deliver current through its transistor output terminals;

¢ how to connect a control unit to deliver current through its relay output terminals;

o that systems typically consist of three basic elements, input, process and output subsystems;

o that analogue sensors output a continuous range of voltages;

o that a potentiometer can set a reference voltage to determine quantities such as temperature;

o that there are two commonly used types of control system, open-loop and closed-loop;

e that an analogue voltage can be produced by varying the duty cycle of a digital square wave signal;
o the advantages of a stepper motor over a simple DC motor;

¢ that analogue sensors may require a complex calculation to yield a useful value;

¢ that finite state machines are very useful in the design of a control program;

¢ that control units can be programmed or controlled using a variety of different languages;
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What the student will need:

To complete this course the pupil will
need the following equipment:

Additional documents
The instructor will need to refer to the
following before starting this course:

Locktronics User Guide -
explains how the Locktronics system
works, and how to use the parts.

MIAC Getting Started Guide -

explains how the MIAC unit works, how
to download Flowcode programs or the
Slave USB driver to it etc.

Power source:

The mains-powered ’plug-top’ power
supply can be adjusted to output voltag-
es of either 3V, 4.5V, 6V, 7.5V, 9V or
12V, with currents typically up to 0.5A.
The voltage is changed by turning the
selector dial just above the earth pin until
the arrow points to the required voltage.
The course uses the 12V setting exclu-
sively. However any power supply can
be used. If you prefer your students to
work from exactly 12V then please use a
bench top power supply.

Qty| Code |Description
1 HP2045 Shallow plastic tray
2 HP4039 Lid for plastic trays
1 HP6222 International power supply with adaptors
1 HP5540 Deep tray
2 HP7750 Locktronics daughter tray foam insert
1 HP9564 62mm daughter tray
1 HPUAB USB AM to BM mini lead
1 LK0123 Magnet
1 LK2363 MES bulb, 12V, 0.2A
1 LK3246 Buzzer (12V)
1 LK4000 Locktronics User Guide
1 LK4025 Resistor - 10 ohm, 1W 5% (DIN)
1 LK4034 Potentiometer, 1K (DIN)
1 LK4322 Stepper Motor
1 LK5100 Locktronics current probe
2 LK5202 Resistor - 1K, 1/4W, 5% (DIN)
1 LK5203 Resistor - 10K, 1/4W, 5% (DIN)
1 LK5214 Potentiometer, 10K (DIN)
1 LK5240 Transistor - NPN, right hand feed
1 LK5243 Diode (IN4001) power 50V
14 LK5250 Connecting Link
1 LK5280 Relay 12V 10A (tranparent case)
1 LK5291 Lampholder carrier
1 LK5402 4.7K thermistor, NTC (DIN)
1 LK5404 Switch, reed
1 LK5603 Lead - red - 500mm, 4mm to 4mm stackable
1 LK5604 Lead - black - 500mm, 4mm to 4mm stackable
6 LK5607 Lead - yellow - 500mm, 4mm to 4mm stackable
6 LK5609 Lead - blue - 500mm, 4mm to 4mm stackable
1 LK5783-56 |Industrial sensor, actuator and control applications inlay (DIN)
4 LK6207 Switch Press (morse key-type strip, push to make)
4 LK6209 Switch on/off (stay put, sideways swivel strip)
2 LK6430 LED, red, 12V (DIN)
1 LK6431 LED, yellow, 12V (DIN)
1 LK6432 LED, green, 12V (DIN)
1 LK6634 Microswitch
1 LK6706 Motor 3/6V D.C. 0.7A
1 LK7290 Phototransistor
1 LK6838 Solenoid
1 LK6841 MES bulb, 12V, LED, white
1 LK8275 Power supply carrier with battery symbol
1 LK8900 7 x 5 baseboard with 4mm pillars
1 MIXXXX Allcode Cased MIAC with 4mm sockets
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Using this course:

Our goal is to help students understand sensors and control systems in the context of industrial
systems - to understand the components, the circuit diagrams, and the role of the Programma-
ble Logic Controller (PLC). We do this by asking students, working individually or in pairs, to
build a number of circuits typically found in an industrial system that uses a PLC. Students gen-
erate or select an existing PLC program that makes the circuit work in the desired way, and
then take measurements, make drawings, or describe what is happening in the circuits, to rein-
force learning.

Central to these activities is the MIAC. This flexible educational and industrial controller can
mimic the functionality of most PLCs commonly found in industrial systems.

Programming using Flowcode:
The instructor should make sure that all students are shown how to create and send programs
to the MIAC using Flowcode.

Programming using Labview or Matlab:

The instructor should make sure that all MIACs are pre-programmed with the appropriate MIAC
hex file (“MIAC USB Slave.hex”). Details on how to load this file are found in the MIAC ‘Getting
Started’ guide.

Worksheets:

It is expected that the worksheets are printed / photocopied, preferably in colour, for the
students’ use. Students will need their own permanent copy, as a record of what they have
learned.

Each worksheet has:
« an introduction to the topic under investigation;
» step-by-step instructions for the investigation that follows;
e a summary of the important points in a grey-filled text box

This format encourages self-study, with students working at a rate that suits their ability. It is for
the instructor to monitor that students’ understanding is grasp of the ideas involved in the exer-
cises it contains.

Time:

It will take students between six and seven hours to complete the worksheets. It is expected
that a similar length of time will be needed to support the learning that takes place as a
result.
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Worksheet

Notes for the Teacher

Timing

1

Basic Outputs:

The first worksheet is designed to guide students into using the M-
AC PLC with Locktronics. To do this they will be asked to create a
small program to switch the transistor outputs on and off one at a
time. This program can be completed using Flowcode, Labview or
other programming languages. Note that if you are using PC
based software then you will need to ensure that the MIAC PLC
has been programmed with the “MIAC USB Slave” program which
can be downloaded from the Matrix website.

40 - 60
minutes

Sequenced Outputs:

This worksheet takes the output control one step further by ex-
plaining the fundamentals of a finite state machine. This is then re-
inforced with the practical exercise of writing a simple traffic light
controller program. The finite state machine used for this program
has four unique states which represent the different combinations
of lights that can be active on the signal. The movement between
the preset states is also another key aspect.

40 - 60
minutes

Pulse Width Modulation:

Worksheet three starts to look at slightly more advanced outputs
by using the pulse width modulation peripheral embedded into the
MIAC controller. By writing values to the PWM peripheral it is easy
to show how to create analogue voltages using a purely digital
based output. As a reinforcement to this you could place a capaci-
tor between the PWM output and ground and use a voltmeter to
measure the analogue output as you change the PWM mark/space
parameter.

40 - 60
minutes

Basic Inputs:

This example tackles the problem of polling digital switches. The
students will learn that they will have to write a loop into their pro-
gram so the switch values can be checked continuously. This ex-
ample also gets the student up to speed with storing values into
variables to represent the digital input voltage.

40 - 60
minutes
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Worksheet

Notes for the Teacher

Timing

5

Pelican Crossing:

This worksheet combines outputs, state machines and inputs to
create a fully operational pelican crossing system. This reinforces
the state machine idea by adding a wait for switch to the previous
traffic light system.

40 - 60
minutes

Conveyer Belt:

This worksheet introduces students to stepper motors to teach the
main differences between analogue DC Motors and Digital Stepper
motors. The program is created in two stages, the first being a full
stepping approach and the second using half stepping techniques
to effectively double the resolution of the motor.

40 - 60
minutes

Analogue Sensing:

This worksheet introduces students to analogue sensors and also
to the data manipulation often required to obtain a meaningful out-
put. This example is also good for showing the differences between
running an application on a high powered computer and running on
a Microcontroller chip. Whereas the computer can process the cal-
culation in real time we have to do a trick on the Microcontroller re-
ferred to as a look up table.

40 - 60
minutes

Detecting Faults 1:

This worksheet introduces automatic fault sensing to the industrial
controller. By detecting if an output has switched on as expected
the students programs can determine if an output such as a bulb
has become damaged or missing. This allows students to see for
themselves how to design and create a fault tolerant system.

40 - 60
minutes

Detecting Faults 2:

This worksheet moves on from the first fault finding worksheet to
include analogue sensors and how to make these tolerant to faults
such as electrical breaks or shorts. The users programs can then
detect these faults and inform the user of the problem.

40 - 60
minutes

Copyright 2009 —2016 Matrix TSL



locktronics

Instructor Guide

Scheme of Work

Page 30

Industrial sensor, actuator

and control applications

Worksheet Notes for the Teacher Timing
10 Open Loop Control: 40 - 60
minutes
This worksheet details the basics of an open loop control system. An
analogue voltage created from a potentiometer is used as the input to a
DC motor speed controller. Students should note here that the motor is
simply being told what to do and has no control over any aspect of the
system.
1 Closed Loop Control: 40 - 60
minutes

This worksheet details the basic of an closed loop control system. A bulb
is driven directly from an input analogue voltage provided by a potentiom-
eter. The light level from the bulb is then fed back into the system to
create a error or difference between what is expected and what is
sensed. This error is then used to adjust the control signal to allow the
bulb to behave as expected. The changing output can be seen by
removing and replacing the paper roof that sits over the bulb and sensor
circuitry. When the paper is present the light from the bulb will be fairly
dim as the sensor is detecting the correct amount of light. When the
paper is removed the bulb will become brighter to try and raise the
amount of light sensed by the sensor.
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Date Release notes Release version
16 12 2014  Updated for RoHS compliance LK8739-80-3
01122016 Changed references from CD to website LK8739-80-5

15 04 21 Version 2 released
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