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myDAQ USB Interface

myDAQ Connections

Analog Input:

2 channels, 200kS/s, 16-bit
Analog Output:

2 channels, 200kS/s, 16-bit
3.5mm stereo audio jacks
Digital /0: 8 LVTTL lines
Counter: 1 counter/ftimer
Integrated DMM: V, A, Ohm
Power Supply: +5V, +-15V
Screwterm + mass term option
Bus Powered (USB) operation

USB controlled,

J - bus powered
L
Power Supply:
s T asv
NI ey OAQ )!
= 8DIO
E-{=H= i lines,
s [ . 1 counter

———2 Al lines
—— 2 AO lines

Smdes tden st

| Power Supply:
(=] o +/-15V
— — @
TR .
Audio IN/OUT
e ¥
000
b d

Integrated DMM
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How many digital
I/O lines are on the
myDAQ?

How many bits does
the A/D use?

How many analog in
and out are on the
myDAQ?

What is the voltage
resolution of the
A/D converter?




Which pin is used to measure an input frequency signal __

Which two myDAQ pins are used to measure a quadrature signal?__

, which pin is used to produce a counter/timer PWM signal? L

MyDAQ Specs

Digital I/O General Purpose Counter/Timer
Number of lines 8, DIO <0..7> Number of ht 1
D trol Each line individually programmabl,
o out, e Y oneTopuor Internal base clocks ....
put
Update mode Soft timed Base clock accuracy.....
Maximum counting and pulse
Pull-down resistor 75kQ 2 update rate. 1 MS/s
Logic level SV patible LVTTL input; 3.3 V LVTTL Default routing
output CTR 0 SOURCE.
Vi min 20V CTR 0 GATE ..
Vi max 08V

Maximum output current per line2..

Data
NATIONAL Update mode
Analog Input Tinstromars
Number of channel 2 diffe I or | stereo audio input  SPECIFICATIONS Analog OUtPUt
ADC resol 16 bits NI myDAQ Number of ch 1 2 ground-refe d or 1 stereo audio output
A pling rate 200 kS/s DAC resol 16 bits
TIMING BCCUTACY ..o 100 ppm of sample rate A update rate 200 kS/s
Timing resol: 10ns
Range .10 V, 22 V, DC-coupled
Analog INPUL ..o ssnecnenne £10 V, £2 V, DC-coupled Audio output %2 V, AC-coupled
Maximum output current
(analog outpUL)! ..o e 2 A
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myDAQ Digital I/O specifications: s

Digital In

Digital Out

* 3.3 volts LVTTL inputs .

e 5.0TTL volt tolerant

DIO (0-5 V)

3.3 volt LVTTL
Max. 4 mA drive

[
01234567DGND5V
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Explain how you can
increase the current
capacity of the myDAQ
(4mA) output.

This may include adding
additional circuitry such as
a transistors, ULN2003A,
MOSFETS. Be able to draw
each.

Are the myDAQ inputs TTL
tolerant?




myDAQ Analog |I/O Specifications:

Analog Out Analog In

+/- 10 volts e +/-10volts

2 mA drive * 10 G ohmsinput impedance
16 bit resolution .

200 kilo samples/second .

16 bit resolution
200 kilo samples/second

AO—  [—AI{10V)—

vy
AGND O 1 AGND O+ O- 1+ 1-

For single ended inputs, use a ground reference, the 0- and 1- inputs
should connect to the ground reference.

CAMS8302E F2018 Exam Review

When measuring a signal
such as the voltage
across the DC motor you
must use differential
voltage measurements.

In this case neither (0+)

or (0-) connect to
?




myDAQ Power Supply
Specifications:

* +/-15volts * +5.0volts
* 32 mAdrive / supply * 100 mA max. drive
* +/-14 volts at max. load * 4.0 volts(min) at maximum load

Note the current limitations of the supplies. Going over the current limits
will cause the supply voltage level to decrease.

With a load

applied to

myDAQ supply : ** !
the supply _l r_ Caution: DGND 5v
voltage will drop, +15V -15V AGND Do not connect another

at maximum load
power supply to the myDAQ.

the supply will

drop to a

minimum of There is a 1.25 A internal
volts fuse.
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myDAQ Basic /O Circuit:

LED4
J1 /‘ﬁ R9
e ANO > 470Q
GND = LED3
200 P An R10
acnD |2 N 4';/8/(\!’
o =+ AN1 +5
A1 ¢
a1 [0 4.7kQ s3 L
e R3 1
DIOZ =3 0 o~
Dot _:TIS +5 1 Key = Space
DIOS —
106 | =
Ir-{\ 7 Z +5 +5 +5
— o 4.7kQ
v R1  S6 RS .
Ni-myDAQ o 10kQ 10kQ
5 Koves ANO Photocell AN1 Thermistor
:L_ + ey = Space
R2 |
4.7kQ R7
R6
S1 = §10kn 10kQ
O/C
Key = Space 1 =
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This is a typical schematic
using Multisim. The
schematic shows all the
components, component
values and their
connection to ground, the
supply, other parts of the
circuit or to the myDAQ
interface device.

What is the voltage
at ANO when the
photocell = 2.2k?

What is the voltage
at AN1 when the
thermistor = 7.1k?




1 Ok
Photocell Vanable

u-lo V) —
‘_ 0- 1+ 1-

The AGND, 0- and 1- must connect to

the ground of your circuit when

measuring signals that are referenced to

ground.

The 10k variable is used to provide
a variable DC signal from 0 — 5 volts
to the analog inputs. Connect the
device so that turning it CW
increases the voltage on the middle
terminal.

myDAQ Analog I/O Wiring

CDED

Voltage
Divider

Photocell

A photocell increases resistance in
darkness and decreases when exposed
to daylight. They typically range from
about 200 ohms to 100,000 ohms and
are non linear. When the circuit is wired
as above the AINO voltage decreases in
darkness.

CAMB8302E F2018 Exam Review

AN1

¢ |

+5
o

R5
10kQ
Thermistor

R6
10kQ If the temperature is increased

the thermistor resistance will
and the divider

A thermistor decreases
resistance as it is heated and
increases resistance when
cooled. The thermistor used in
the lab is:

10k at 25 degC.
8k at 30 degC
12.4k at 20 degC.

As the temperature increases
the voltage to AN1 increases.



myDAQ/Arduino Sensors — Photocell

8 https://learn.adafruit.com/photocells/measuring-light

Illuminance Example

0.002 lux Moonless clear night sky Electrodes %ﬁﬁgﬁggggﬁgg
0.2 lux Design minimum for emergency
’ lighting (AS2293). Coldweld Photoconducive
tact
0.27 -1lux  Full moon on a clear night coniacts fop surface
3.4 lux Dark limit of civil twilight under a Ceramic
clear sky
50 lux Family living room
. In a dark room the ANO voltage
80 lux Hallway/toilet T Wire terminals will be about volts?
100 lux Very dark overcast day o T
300 - 500 Sunrise or sunset on a clear day.
; ; R8 The photocell resistance
lux Well-lit office area. 1kQ . . .
Overcast day: typical TV studio ANO Photocell decreases with higher visible
1,000 lux lighting light and increases in darkness.
10,000 - . . . .
25000 | Full daylight (not direct sun) R7 Placed in a voltage divider
; ux 10kQ .
32.000 circuit, as shown, the output
i Direct sunlight voltage will increase when
130,000 lux J

= exposed to brighter light levels.

(Wikipedia) llluminance is a measure of how much luminous flux is
spread over a given area. One can think of luminous flux (measured
in lumens) as a measure of the total "amount" of visible light present,
and the illuminance as a measure of the intensity of illumination on a
surface. A given amount of light will illuminate a surface more dimly if it 2.0 k ohms office lighting
is spread over a larger area, so illuminance (lux) is inversely

proportional to area when the luminous flux (lumens) is held constant.

200 k ohms dark room

200 ohms - daylight
CAMB8302E F2018 Exam Review 9


https://en.wikipedia.org/wiki/Luminous_flux
https://en.wikipedia.org/wiki/Lumen_(unit)

LabVIEW block diagram used to

interface to the myDAQ. F2018

The DAQ Assistant is a configurable function that is used to allow signals from the myDAQ interface to be

controlled or monitored. There are 4 possibilities.

1) Digital In to read the digital signals.  2) Digital Out to control the logic levels on an output pin.

3) Analog In to read the voltage on an analog input pin.

4) Analog out to control the voltage on a pin.

LEDO ’

Which DAQ assist is used to control a digital output?

Ty v
v v

b

R

» data

Build Array DAQ Assistant DAQ Assistant2 Index Array | o
P |LITE

data » a

LED1

Array et O e

=t 0O

4

Analog 0 C b
(4
>

iz

Ty v

L4

: B SWO0 ‘

@ | °

Split Signals Photocell CHO

Merge Signals Analog Out Analog In Et__,L“
- > data data e h— fi23]
Dynamic v v Dynamic -
Analog 1 Data bAQ Data ACC
g Type
o ;is Type Assistant vp 1231
Lioed
Loops Express VI

@ L=l | which DAQ assist is used to read the analog input?

CAMIB3UZE FZUL18 Exam Review 10



F2018

myDAQ Express Analog Output
The blue wire is a

______datatype?
¥
»
Analeg 0 b
The orange wire is a i : »
____ datatype? : [éL Merge Signals Analog Out
E}n:m:m) data
Analog 1 |
. The merge signal function inputs scalar
1123 numeric values and outputs dynamic data
DEL type. The dynamic data type is the input to

the express VI.

The following is the VI (virtual instrument) or block diagram used to control the
analog voltage to the myDAQ analog out terminals. The data into and out from
the DAQ assistant for analog data is a Dynamic data type. The merge signals
function can combine many scalar data values into one dynamic data type signal.
The express VI reads the signals in sequence. The upper value will be applied to
the first output signal.

CAMB8302E F2018 Exam Review 11



How many elements
are in each array?

LabVIEW Block Diagram (Program)

F2018

The blue wires are

data

LEDO

LED1

Boolean front panel(FP) controls will control
the digital signal on a myDAQ output pin.

Build Array

data

Merge Signals

Loops

fi23]

i
LT3l

Boolean front panel(FP) indicators will
display the digital state of the signals on a

SWO0
' £ i Sl
8 Digital In Index Array |
: ot an
> » ¥ PP S—
Digital Out =1 0 _th

myDAQ digital input pin.

»

vy

¥

Analog In

»

M

Analog Out

¥

~~~~~~~ » data

data

Lab 1Part1
Michel Hanbury
September 3rd 2014

Numeric front panel(FP) controls will control

the analog value of the signals on a myDAQ
analog output pin.

Numeric front panel(FP) indicators will
display the analog value of the signals on a
myDAQ analog input pin.

Photocell CHO

Split Signals

CAMB8302E F2018 Exam Review
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LabVIEW Wire Colours and Type:

.......................... = (T N =y I 1y | —
|

NOTE: Array wires are thicker than scalar wires, and array terminals have [ ] around base type.

Controls Indicators
Data Source Data Display

NOTE: Controls have thicker borders.

Boolean String Path Variant
i 1 e —
Polymorphic I/ %oN:tToi

NOTE: The polymorphic terminal data type represents a terminal to which multiple data types can be input or output.

CAMB8302E F2018 Exam Review

What is the signed
and unsigned range
of a 8 bit integer?

What is the signed
and unsigned range
of a 16 bit integer?

What data type is
each of the following
colours.

Green?

Orange?

Blue?

Pink?

13




How many different
variable types are
shown in this block
diagram? List each

type.

Waveform Chart

Can the AND gate be
used for both
Boolean and Integer
values?

Determine the value of:
Max value, element2,
element 47

Block Diagram Example:

Double

onvert to Dynamic Data

............ Scalar
Merge Signals  Split Signals ert from Dynamic Data
Lo el e rom by %r‘z?
— e ; 5D

Scalar 2

Array Size

Loop lteration

o/

T

10 loops/second Dela

CAMB8302E F2018 Exam Review
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LabVIEW Shift Register Example

While Loop
Main Loop
Iterations
|398
...... Latch loop
m 84610980
The up and down Progstop
arrows on the edges Latch loop ——
of the While Loop
. 123
indicate that a Switch Until Released
is
being used.
Shift Register 2nd Example: The initial value of
Motor equals
?

To create the shift register right click on the border of the while loop. _

Select Add Shift Register.

The motor signal will go true when start is true and remain that way because of the shift register until stop is The false constant is

true. Take some time to understand the shift register, try it out in the lab. only applied on the
first pass through
The Boolean constant “F” is true only on the first iteration of the while loop. the 3

CAMB8302E F2018 Exam Review



Arravs Functions:

There are array functions to:

2

- Find the size of an array

- Find the sum of an array.

- Find the min and max value of an array.
- Find the index of the min and max value.
- Find the average of the array values.

Array Max & Min

Build Array Index Array
= |
o-IH Ea

=t O

=t O

max value

array size(s) Array
Array (=] Size
ﬁ} Search | = View~ | =
| ' Q ' 2 ' JI Index Array
n-dimension array
index 0 ) I element or subarray
= %@ index n1 ==
-t -t 0
Array Size Index Array  Replace Subs... InsertInto Ar... Delete From ... aray
@ B; E - E element - appended array Build
e element [
2 L :\em»:—m Array
Initialize Array  Build Array Max & Min  Reshape Array
W.H ;5\,_ B max value
E*E array @ B —— max index(es) Array
5 o min value Min/Max
Sort1D Array Search1D Ar... Split1D Array ReverselD A.. Rotate1D Ar.. min index(es)
H OB E g . .
LA L M = 8 e il Linear Interpolation
Interpolatel... Threshold1... Interleave1D... DecimatelD.. Transpose2... array of nu!nbels. o points yvalue
- fractional index or x
= m B DB EO

Array Consta... Array To Clu... Cluster To Ar... Array to Matrix Matrix to Array

B ]

Array Constant

CAMB8302E F2018 Exam Review

element 3

DEL

element 4

b fiz3]

DEU

element 5

DEL

What is the value of

element4?
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Each Arduino output
pin can handle
mA?

The A/D input
voltage range is O to
___volts.

The A/D number of
bitsequals __ ?

Arduino Mega Specs:

Specs (from http://arduino.cc/en/Main/ArduinoBoardMega):

Microcontroller
Operating Voltage

Indicates amount of

ATmega2560 memory, I/0O pins and

5V

basic voltage and

Input Voltage (recommended) 7-12V

Input Voltage (limits)
Digital I/0 Pins

Analog Input Pins

DC Current per 1/O Pin
DC Current for 3.3V Pin
Flash Memory

SRAM

EEPROM

Clock Speed

6-20V

current specs.

54 (of which 14 provide PWM output)

16

10 bit (0-5 volts)

40 mA

50 mA

256 KB

of which 8 KB used by bootloader

8 KB
4 KB

16 MHz

Flash — non volatile program
storage. SRAM — variable storage.

CAMB8302E F2018 Exam Review
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Specs (from http://arduino.cc/en/Main/ArduinoBoardMega):

Microcontroller
Operating Voltage

ATmega2560 - A/D channels are 10 bits

SV

Input Voltage (recommended) 7-12V

Input Voltage (limits)
Digital I/O Pins

Analog Input Pins

DC Current per I/O Pin
DC Current for 3.3V Pin
Flash Memory

SRAM

MADE
INITALY

6-20V

54 (of which 14 provide PWM output)

16

40 mA Arduino Specs
50 mA

256 KB of which 8 KB used by bootloader

8 KB

NN
S

o NoOoWnMELTMmMANHS
¥

L

x

L

00 ¢

COMMUNICA

NWWWWINN
Q S

N BN

&b bhu
L S o

'

)
RESET-EN |

DIGITAL
LRLN S

Al0
All
Al2
Al3
Al4
Al5

Identify which pin
can be used for:

Connection to
ground.

Connection to Vcc

Connect an analog
signal.

Can produce PWM.

Can create a
hardware interrupt

CAMB8302E F2018 Exam Review
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setup()
The setup() function is called once when your program starts. Use it to initialize

pin modes, or begin serial. It must be included in a program even if there are no
statements to run.

void setup()

{
pinMode(pin, OUTPUT); // sets the 'pin' as output

loop()

After calling the setup() function, the loop() function does precisely what its
name suggests, and loops consecutively, allowing the program to change,
respond, and control the Arduino board.

void loop()

{ What is the
digitalWrite(pin, HIGH); // turns 'pin' on frequency on the
delay(1000) ; // pauses for one second output pin?
digitalWrite(pin, LOW); // turns 'pin' off
delay(1000) ; // pauses for one second

¥
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// Convert the analog reading (which goes from 0 - 1023) toc a voltage (0 toc SV):
flcat TempVelts = TempValue * (5.0 / 1023.0); // float or real data type

Start_State
Stop_State

digitalRead(Start_Sw); // read the input
digitalRead(Stop_Sw); // read the input

if (!Start_State) // Wait for the PB to be pressed, causing it to go low.

{
digitalWrite (Whtled, HIGH); // turn on led if push button is pressed

digitalWrite (BrdlLed, HIGH); // high turn on the led,pin is connected tc ancde.

}
/* || OR, && AND, ' NOT =*/
if (TempVolts > 1.0 || !Stop_State) // turn off led if voltage > 1.5 volts or Stop_Sw is pressed.
{
digitalWrite (Whtled, LOW); Does this program
digitalWrite (BrdLed, LOW):; use polling or
} interrupts?

CAMB8302E F2018 Exam Review 20



Code that is run only once

vold setup()

{
Serial.begin(9600); // configure the serial port for 9600 bits / second

pinMode (Start_Sw, INPUT); // define line input bit 4
pinMode (Stop_Sw, INPUT);

pinMode (Whtled, CUTPUT) ; // define line as output bit 5
pinMode (BrdLed, CUTPUT) ;

Other than bit rate what other parameters are
How long will is take to transmit one bit required when specifying serial data
serially using a rate of 9600 bits per second? parameters?

CAMB8302E F2018 Exam Review 21
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&)
n

void leoop() {

float Vsup = 4.61; // measured with meter
int Photocell = analogRead(A8);

int Pb_statel = digitalRead(Pbl);

int Pb_state2 = digitalRead(Pb2);

float Vpc = Photocell * (Vsup / 1023.0); // Vin to A/D

float I = (Vsup - Vpc)/10000; If Vpc = 3.7 volts
then
Rpc=_ ?
float Rpc = Vpc / I IMA = 2
float ImA = 1000 * (Vsup - Vpc)/10000;

Calculations on data from photocell. The code converts the integer value from the
A/D converter to a voltage and then to a resistance.

CAMB8302E F2018 Exam Review
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49
S0

if (Pb statel == LOW) PB1 push button is normally HIGH using a pull up

digitalWrite (GrnLed, HIGH) ; resistor. When the push button is pressed the pins

short and a connection to ground is made.
else

digitalWrite (Grnled,LOW);  Control output based on input conditions.

if (Pb_state2 == HIGH)

digitalWrite (Redled, HIGH)?  pB2is normally LOW, a resistor is used to pull
else the signal to a low and a short on the pin ties it

digitalWrite (RedLed,LOW);  tO+5

What is the
if (Rpc > 2000.0) // Getting dark erence betwveen
digitalWrite (BoardLed, HIGH) ; program?
else

digitalWrite (BoardLed, LOW); Pin 13 L on the board.

CAMB8302E F2018 Exam Review
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;oo O
D W o 0 N s W N

Y

Lo O S

I o oy v Oy Oy Oy Oy oy oy n
-~ o wn

(RN R o)

Serial.print(™ PhotoCell Integer
Serial.print (Photocell):;

]
s
—

~

Serial.print(" PhotoCell Veolts = ")

Serial.print(Vpc,4): I
BothNL &CR + 9600 baud v‘

Serial.print("™ PhotoCell Current maA = ")

Serial.print(ImA,k4);
The Arduino Serial monitor can

Serial.print(™ PhotoCell Resistance Chms = "); be used to output variable data
Serial.print(Rpc): to a computer screen.
Serial.print(™ Pbl state = "); The BPS (bits/second) baud rate
Serial.print (Pb_statel); must match the configuration in
software. In this example the
Serial.print(" Pb2 state = "); rate is 9600 bits per second.

Serial.println(Pb_statel);
delay (50):; Serial.println moves to the start
of the next line, then prints.

CAMB8302E F2018 Exam Review 24



What is the position address of the 26 led.princ ("C");
i ? ~ ~
most right column on the bottom row- 2 lcd.setCursor(6,1)
2€ led.princ ("D");

-

The LCD display is arranged as 2 rows and 16 columns. The
numbering starts at O for the rows and columns. The first number
represents the column the second the row.

The top left character is at 0,0.

For example 6,1 is the bottom row and the 7 position over.

CAMS8302E F2018 Exam Review

25



RIGTH

DOWN

vee
R2
302 3kQ
1 2 )i ADO
- 1
-—
\_.) — \.; R3
— 331 3300
e
1&—*'
L 2,
SWSX6 R4
681 6800
l 2
|
> (
SWSX6 RS
102 1k Q
l 2
l&—h‘
»—
SWsX6 R6
302 3kQ

Arduino LCD / Shield Keypad

What is the voltage
at ADO when only
the Left button is
pressed?

The LCD display board also has a set of push button
switches which are connected to a set of resistors
used in a voltage divider. Pressing different switches
will cause the voltage on Analog 0 (ADO) to change.

The resistors shown are the actual values used on the
board.

The numbers in red are values | found when testing
my keypad. The range may vary by +/- 3.

CAMB8302E F2018 Exam Review

Right—0
Up—99
Down — 257
Left—411
Select 641
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&
# Push

4.7k
330 0 Button N.O.

G

Arduino

o/p=L | Arduino

° ! input Why is a pull up
J_ Vf = 1.7 volts | Normally pulled High J_ resistor required in
-

= Goes Low when switch is Pressed. this circuit?
Led is reversed biased

W hy is the 330 ohm Arduino output is about 0 volts.

. . . 0 volts across resistor.
resistor requi red in No current flow.

. . Led Off.
the circuit?
Pull up or Pull down prevent a

floating condition.

G . o BN

: Arduino
Arduino 330 02 o o input
o/p=H

Vf = 1.7 volts L Normally pulled Low J_
- Goes High when switch is Pressed. 47k s

Led is forward biased

Arduino output is about 5 volts.

3.3 volts across resistor. I=V/IR =

3.3 volts / 330 ohms = 10 mA
Led On.

CAMB8302E F2018 Exam Review 27



If the base resistor were
changed to 3.3k the
collector current would be
greater? T/F

‘ +5 Arduino >

O n Arduino %7k B ‘ Off

2N2222

N

Arduino 2N2222 O/p L (0 V) Beta min, 50
0/p H (5V) Beta min, 50
l = 6ND
= GND =
=
1) The output from the Arduino is about 0 volts.
1) The output from the Arduino is about 5.0 volts. 2) No current flows through the base.
2) Current flows from the Arduino through the resistor, the base and the emitter diode. 3) The emitter diode is reversed biased.
3) The diode drop is 0.7 volts. The remaining 4.3 volts is across the 4.7k resistor. 4) 0 mA of base current.
4) 4.3v/4.7k = 0.91 mA of base current. . 5) The transistor in off acting like an open switch.
o) The transistor in on acting like a closed switch. 6) The collector voltage equals about 3.5 volt. (Transistor 3 5megs, LED 1.5 Megs of resistance.
6) The collector voltage equals about 0.1 volts. 7) The LED i reversed biased.
7) The LED is forward biased with a drop of about 1.7 volts. 8) 0 volts across the 390 ohm resistor.
8) 5.0 volts — 1.7 volts leaves about 3.3 volts across the 390 ohm resistor. 9) 0 volts/390 ohms = 0 mA.

9) 3.3 volts/390 ohms = 8.5 mA.
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NPN 2N2222 Transistor Switch - "ON"

Q Saturation - Transistor is turned on:
The collector to emitter junction acts
like a closed switch.

QO The base voltage must be greater
than the emitter voltage by 0.8 volts.

Q The transistor has a gain of about
75.

Q Example: If the base current equals
3.5 mA and the gain = 75 mA the
transistor will allow up to 263 mA of
current to flow.

0 Transistors can only handle a certain
amount of collector current specified in
the data sheets.

0 The CE junction does not act like a
perfect switch and may have a voltage
across the CE junction of about 0.2
volts.

+5.0V

3.5mA
1.2k

. | closed
® ©

6.3 volts

With a load of 40
ohms and a Beta =
75 the collector o/p
current with a base
current of 1.2 mA

Load

Switch sourcing current
to transistor

CAMS8302E F2018 Exam Review

0.8v

willbe  mA?
153 mA
40 ohms
6.11 volts
Transistor sinking

current from load

NPN

CE=0.2v

Current Gain:
Ic/Ib

Minimum of 75 for 2N2222
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DHT22 Digital Temperature and Humidity Sensor (Serial Data Output)

OSingle bus to send data definition

SDA For communication and synchronization between the microprocessor and the AM2302, single—bus
data format, a transmission of 40 data, the high first—out. Specific communication timing shown in Figure 5,
the communication format is depicted in Table 5.

Response signal Humidity high Humidity low Temp. high Temp. low Parity bit

& FTTTTrTd FTTTTTd FTTrTrrord FTTTTTrTd I T

g I I I I | I Y I 1 Je ]|
Stat signa M (R L M L ™ (T C
s s s s s s s s s s
B B B B B B B B B B

Pic5: AM2302 Single—bus communication protocol
The last byte is used for
The DHT22 temperature and humidity sensor sends a digital relative hum|d|ty . ___checking?

pattern to the Arduino representing % relative humidity and
temperature in degrees Celsius .

Word Origin
The first 16 bits transmitted represent the humidity, the noun

) 1. the amount of water vapor in the air, expressed as a percentage of the
second 16 the temperature and the last 8 bits are a checksum maximum amount that the air could hold at the given temperature;

to Verify the data, the ratio of the actual water vapor pressure to the saturation vapor
pressure.

Abbreviation: RH, rh.
(Actual Vapor Density)
Relative Humidity RH) = ——emeeeeeee e X 100%
(Saturation Vapor Density)
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http://www.ermicro.com/blog

A Vee
I“C Bus
SDA and SCL I*C Bus Pullup Resistor
: Data on the 12C bus can be transferred in three modes:
Smart
Master : DC Slave n X B
Controller : Motor Slave 2 Slave 3 Slave 4 Up to § 1) Standard Mode: 100kbps.
: Controller 128 10K 10K

SDA SCL V SDA SCL SDA SCL SDA SCL SDA SCL SDA SCL 2) Fast Mode: 400kbps
- l :,' l i é é é 3) High Speed Mode: 3.4Mbps.
SCL = L 2 L 2 & & & & *—p

Typical I’C Device Connection
Only 2 device can be connected at The 12C bus transmits data faster than
once to the 12C bus? T/F the asynchronous serial I/0? T/F

The 12C uses Vcc, ground and 2 signal wires.
SDA — serial data
SCL - serial clock.
The bus is used to connect many devices to the 12C signals on
the Arduino or other controllers such as a Raspberry Pl low
cost computer. RaspberryPi
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Type Part # Notes Address Address | Address
OLED SSD1306 One addr pin 0x3C 0x3D
NFC/RFID PN532 0x48
Sensor TSL2561 1 tri-state addr pin 0x29 0x39 0x49
Sensor BMP085 Can use XCLR to select/deselect 0x77
Sensor ADXIL 345 1 address pin 0x1D 0x53
Sensor HMC5883L 0x1E
Sensor BMA180 0x77
Sensor MMAT7455L Same as ADXI.345 0x1D
RTC DS1307 Eame as DS3231 0x68
RTC DS3231 Same as DS1307 0x68
DAC MCP4725A0 1 addr pin. 3 variants 0x60 0x61
DAC MCP4725A1 1 addr pin, 3 variants 0x62 0x63
DAC MCP4725A2 1 addr pin, 3 variants 0x64 0x65

CAMS8302E F2018 Exam Review

Each 12C device has a specific 7 bit
address to select the 12C device.

In the lab three 12C devices will be
used.

A MCP4725 12 bit DAC.

An ADXL345 Accelerometer.

A DS3231 real time clock.

There are many 12C devices that
can be connected to the Arduino.

Displays, pressure and
temperature sensors, etc.
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MCP4725 12 bit DAC Waveform

DSO-X 20124, MY53160196: Sat Sep 19 12:44:47 2015
I B.0ove 2 5.00v/ 95.00% 20.00%/ Stop BC

- MCP4725 12C DAC
Data rate = 100,000 bps. | '~ Data=FFF

10 us / bit
FFF/FFF * 5.0 volts

D7 Dg D5 D4| D3 DZ D1 DQ Ack
=5.0

. ) T

- = B L L - Based on this scope
screen capture;
iL ] T determine the

msb 14 L approximate clock

1 d o d o 1 0 0 ack frequency
S, [50wa 40k | Sha

Note: Horiz time ref =
20 us/div.
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MCP4725 12 bit DAC (Arduino sketch)

10 #include <Wire.h>//Include the Wire library to talk I2C

2 //This is the I2C Address of the MCP4725, by default (A0 pulled tc GND).

#define MCP4725_ADDR 0xé0 // address 0x60
//For devices with A0 pulled HIGH, use 0xé6l

void setup()

{
Wire.begin(); // start 2 wire IIC

}

veid loop() // runs endlessly

{
Wire.beginTransmission (MCP4725_ADDR); // 12 bit DAC
Wire.write(0x40); // cmd to update the DAC
Wire.write(0x7A); // the &€ most significant bits...
Wire.write(0xD0); // the 4 least significant bits...
Wire.endTransmission();
delay(3000);

}

The DAC 12C address
equals?

CAMB8302E F2018 Exam Review

MCP4725 12C DAC
Data = Ox7AD

First 12 bits of the two
byte number

= 1965 decimal

1965/4096
=0.4797

0.4797 * 5.0 volts
= 2.4 volts.

The DACuses
bits?

If the 7A in the data
changed to 4D the
o/p voltage would
equal?
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ASCII TABLE

American Standard Code for Information Interchange

Decimal Hex Char Decimal Hex Char |Decimal Hex Char |Decimal Hex Char

0 0 [NULL] 32 20 [SPACE] | 64 40 96 60 ) .

1 1 [START OF HEADING] 33 21 ! 65 41 % 97 61 __a ) What is the ASCII| code
2 2 [START OF TEXT] 34 2 66 a2 B 98 62 b e
3 3 [END OF TEXT] 35 23 # 67 43 C 99 63 c

4 4 [END OF TRANSMISSION] | 36 24 % 68 44 D 100 64 d for the number “5” and
5 5 [ENQUIRY] 37 25 % 69 45 E 101 65 e

6 6 IACKNOWLEDGE] 36 % & |70 w F |10 6t the uppercase letter
7 7 [BELL] 39 27 ' 71 47 G 103 67 g win~

8 8 [BACKSPACE] 40 28 ( 72 48 H 104 68 h )

9 9 [HORIZONTAL TAB] 41 29 ) 73 49 1 105 69 i

10 A [LINE FEED] 42 2A * 74 4A ] 106 6A j

11 B [VERTICAL TAB] 43 2B+ 75 48 K 107 68k

12 c [FORM FEED] a4 2c 76 L 108 6C I

13 D [CARRIAGE RETURN] 45 2D - 77 4D M 109 6D m

14 E [SHIFT 0UT] 46 28 . 78 4 N 110 6E n

15 F [SHIFT IN] a7 2F 79 4F O 111 6F o

16 10 [DATA LINK ESCAPE] 48 30 0 80 50 P 112 70 p

17 11 [DEVICE CONTROL 1] 49 31 1) 81 51 Q 113 71 q

18 12 [DEVICE CONTROL 2] 50 32 2 82 52 R 114 72 r

19 13 [DEVICE CONTROL 3] 51 33 3 83 53 s 115 73 s

20 14 [DEVICE CONTROL 4] 52 34 4 84 54 T 116 74 t

21 15 [NEGATIVE ACKNOWLEDGE] | 53 35 5 85 55 v |17 75 u

22 16 [SYNCHRONOUS IDLE] 54 36 6 86 56 Vv 118 76 \

23 17 [ENG OF TRANS. BLOCK] 55 37 7 87 57 w 119 77 w

24 18 [CANCEL] 56 38 8 88 58 X 120 78 x

25 19 [END OF MEDIUM] 57 39 9 89 59 Y 121 79y

26 1A [SUBSTITUTE] 58 3A : 90 5A z 122 7A z

27 1B [ESCAPE] 59 3B ; 91 58 [ 123 7B {

28 1C  [FILE SEPARATOR] 60 3¢ < 92 5C  \ 124 7C |

29 1D [GROUP SEPARATOR] 61 3D = 93 50 ] 125 7D}

30 1E [RECORD SEPARATOR] 62 3E > 94 5E ~ 126 7E ~

31 1F  [UNIT SEPARATOR] 63 3F 2 95 5F _ 127 7F  [DEL]

The ASCII table shows the standard code used to transfer characters.

Examples: “1” =0x31, “A” =0x41

CAMB8302E F2018 Exam Review

“U” =0x55 or 01010101 in binary

35




RS232 Cable

2=TX 2=RX
3=RX 3=TX
5=GND 5=GND

ol 02 03 04 @5 5 04 03 02 O
06 07 03 @9 09 08 O7 06

An RS-232 serial
connector has 9
pins. At least 3 pins
are required to
transmit and
receive data

Microcontroller Yemems A PC COM Port
(male Sub-D connector) (femal Sub-D connector)
1 Start Bit 8 Bit data length with No Parity Bit 1 Stop Bit AtTTL level the

_____

Space

Times]..

RS-232 or EIA 232 Standard Signal

Do RS-232 levels go to
a negative voltage?

If the logic level of the TXD signal is 5.0
volts the RS-232 level equals __ volts.

CAMB8302E F2018 Exam Review

data begins with a
low start bit, 8 data
bits and a high stop
bit.

To transmit at
greater distance RS-
232 levels are used.
Typical values are
+/- 12 volts.
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i} TOP VIEW e Ik
© TX0)1 cs
g\g ') L :]:: 16 |
® i
o[ Veg | Vee 2]
% + [: E Y C1“Fq EH SEVTO +0V Vs +10V
= v+ 2] [15] GND T 3Ci-  VOLTAGE DOUBLER
o T [ oV T0 -0V 6 -0V
C1-|3 14| Tt ¥ + +10VT0 -10V V-
2R mmam [1 o 2 5l oo vOLTAGE WERTER | L ca
= 2 [a]  maxzwo i3] R e T
ST MAX232 VT -
c-[5]  maxzaa iz Riour 400k §
v-[g] 1] Tiw 11 T — > > Tour |14 }
+ T
T2qut 7 10| T2 TILCMOS RS-232
] 0] 2 INPUTS 4000 . oUTPUTS
R2m E E R2our 10f T2m > D': T2our | 7
DIP/SO 12 Rigur 0<} i 13 o
CAPACITANCE (uF) TL/CMOS 5Q \ RS-232
DEVICE (1 (2 03 04 (5 ouTPUTS | = | INPUTS
MAX220 0047 033 033 033 033 \- OUT T2l
MAX232 10 10 10 10 10 e
MAX232A__ 01 0101 01 01 S
GND =
BRE

Diagrams continued in the full data sheet.

The TXO0 signal on the Arduinoisat
levels. A is required when
interfacing to RS-232 levels.

CAMB8302E F2018 Exam Review

To convert from TTL
levels to RS-232 levels it
is common to use a
level translator called a
MAX232. This chip is
manufactured by
MAXIM.

The chip converts a
logic high (5 volts) to (-
12 volts)

A logic low (0 volts) is
converted to (+12 volts
DC)
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A typical USB
to RS-232
converter.

Real Data Rate *

Baud | Bitiwiai (1 start bit, 8 data bits, no parity, 1 stop bit)
4800  208.33us | 480 Bytes/s 0.47 KBytes/s
9600 104.17us | 960 Bytes/s 0.94 KBytes/s
N 19200 5208us | 1920 Bytes/s 1.88 KBytes’s
| 38400 | 26.04us 3840 Bytes/s 3.75 KBytes/s
57600 | 17.3Bus 5760 Bytes/s 5.63 KBytes/s

At 19200 bits per second it will take
_____seconds to transmit 1000 bytes
using 8 data,1 stop and no parity?

115200 ' 5.68us

11520 Bytes/s 11.25 KBytes/s

Standard asynchronous serial bit rates.

Putty is a common (free) serial terminal program for a PC or MAC computer. It
can be used to receive and transmit serial data from the Arduino or myDAQ to a

PC or MAC.

@® www.putty.org

Download PuTTY

PuTTY is an SSH and telnet client,
by a group of volunteers.

You can download PuTTY here.

[ Options cortroling local serial lines

Select a serial line
Serial line to connect to com3
Configure the serial line
Speed (baud)

Data bits

ol

Stop bits
pary o)
Flow conlrul/ __

Set Serial Settings to Connect

CAMB8302E F2018 Exam Review
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File Edit Sketch Tools Help

Lab_2_Part_1_Set_Reset_transistor_red_led &

= W N

~] o n

el

[y

= =
=] N s W N O W

el

/* Lab 2 Part 1 CAME302E
* Modified by Michel Hanbury

* September 28th 2015 */

[#define set_sw 4]
#¢define clear_sw S // digital inputs
#define Redled 2

[ void setup()]
{
Serial.begin(9600); [// set bit rate to 9600 bps

(pinMode (set_sw, INPUT) ;|
pinMode (clear sw, INPUT);
[pinxcde(RedLed, OUIPUI):] // on power up pins default to input

Arduino I/O setup

CAMB8302E F2018 Exam Review

Pin 4
Digital input

Pin 2
Digital Output
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#include <DHT.h> ] DHT Library

g

#define DHTPIN 22 // what pin we're connected to

#define DHITYPE DHT22 // DHT 22 (AM2302)
// Initialize DHT sensor for normal lémhz Arduino
DHT dht (DHTPIN, DHTTYEE): 22,DHT22

void setup() {

Serial.begin(9600); // set bit rate to 9600 bps Serial Port
} Viewer

veoid loop(){ ‘___—_______________________________________‘““‘-————————

BothNL&CR v | 9600baud v

flecat temperature = dht.readTemperature();
flecat humidity = dht.readHumidity():

Baud must match setting
in your program.
Library Functions
Serial.print (temperature);
Sensor Pin (22)

Serial.print(" deg C "):
rial.print (humidity): ONODNO —
Serial.println(™ % hum"); o g AN AN

delay(2000); // wait 2 seconds

pe—

CAMS8302E F2018 Exam Review
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Thermistor Data and Conversion

100
1,0
120
130
140
15,0
16,0
170
18,0
190
20,0
1,0
2,0
3,0
40
%,0

19691

18738
17932
17120
16350
15618

14923
14236
13636
13040
12474

11928
11409
10915
10446
10000

50
a0
80
20
00
30
20
30
H0
%0
%0
a0
30
30
00

95777
9175,6
87926
84277
8080,0

77485
74324
71310
68434
6569,0

6307,0
6057,0
58181
55900

53720

If the input to the expression is 2.9 volts, the output of the
expression equals . The temperature equals
degrees Celsius?

\ Expression Node
l5x/6/10000)

Analog Inputs Split Signals
ote o ED %ma
v DEU

Expression Node

Hi4.7-070</10000)

Voltage ch1
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Moving Average Filter

Filtering Type
Smoothing v
Filter Specifications

(® Moving average
(® Rectangular
() Triangular
Half-width of moving average
10 =

() Exponential

ooy b

Filter

Signal

Filtered Signal »

Dynamic Data Type

Filtered Temp

A filter is useful when
the input signal is

Time constant of exponential average nOisy? T/F
: Express VI, Double Click to Configure

0 0 0 0 0

0 0 0 20 5
0 0 20 22 10.5
0 20 22 23 16.25
20 22 23 21 21.5
22 23 21 20 21.5
23 21 20 23 21.75
21 20 23 22 21.5
20 23 22 24 22.25
23 22 24 21 22.5

CAMS8302E F2018 Exam Review
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Lab 4 Circuit on I%Lt:ﬁ
CAM8302 F2015 @
e @ @ &
' Opto-Coupler
myDAQ 470 0 1 IJ_': off | O 10k ~ TP:';n
14 | 63 I|: IRLZ24
low 2 N\ "_"—¥ N-Channel
50 |— HCO‘>O ? Ny ™ MOSFET
@i high | 4 o
7 3 D— 1 = 6r:t;nd Trom
G .3 volts
J_ - 4NZ5 | L / o
— 6Ground from
" Geound from myDAQ supply 40(;0 volt vl ate 1o Sounce +10V

myDAQ supply Tsolation supply

Know the value of each test point when the lamp is on and off.

1) myDAQ o/p goes low, inverter o/p goes to about 4.7 volts.
2) With inverter output high the isolator IR led is off. The isolator transistor turns off.

3) The isolator transistor is open circuit and in a high impedance state, the pull up
resistor provides 6.3 volts to the gate of the MOSFET turning it ON.

4) The resistance between drain and source is about 0.1 ohms providing a ground
path to the lamp to turn it ON.

CAMS8302E F2018 Exam Review
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#a47

1)

2)

3)

4)

Lab 4 Circuit off I%Al;::lbﬂ
& CAM8302E F2015 @
-» i ~ G3Y)
! Opto-Coupler
470 2 on | 10k TP5
1 & | 6 =\ off
“ o O volts (|: IRLZ24
o | : o o S e
Ol?ﬂgﬂ ‘ reed low i on 4
7 sSO—
: =
_|_ = 4N25 | J__ supply
| =
= Ground from | Ground from
round from myDAQ supply .3 volts IRLZ24
meybAC‘ij sfupply ﬁggr\ﬁ: 6;,'3’3,'; Gate to Source +10 V

myDAQ o/p is high, inverter o/p goes low, about 0.2 volts.

With the inverter output low the isolator IR led is on. The isolator transistor also
turns on.

The isolator transistor acts as a closed switch grounding the gate of the MOSFET
turning it OFF.

The resistance between drain and source is infinite (off), with an open circuit the

lamp turns OFF.
CAMS8302E F2018 Exam Review
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Direction Detection Using Encoder

1

+5 RESET 1 85
Phase B 2 B
If pin 2 is high and the DATA1 01
clock goes through a Phase A 3 6
rising edge /Q1 would CLOCK 1 —p [ 1
bealogic__ ?

5 SET{ —2 P
Q=1L Q-=H
_I_L@_I_L Phase B I I | |
d LI L rPhasea 1. 11

CAMB8302E F2018 Exam Review



i
1 13 12 11 10 9 8
< {0& ® ,»o"*. 4& - e
74HC74A D- FF
,\0\3. NS \0\* 4&’ Keg /\ o

2

3

4 5 6

Why are pull-up resistors
required?

What is a common pull-up value
range?

|

K

1CLR
1D
1CLK g
PREC e
iod §%
1Q z
GND

Green

Vf = 1.7 volts

[+ ]

000000

DIO 3 Direction
o # 680 N
P
4.7k £ pull up
I )
Quadrature Encoding MA,
4.7k €2 pull up

Mot -

\ Motor )

Mot +

CHA CHB
\_Motor Encoder )/

+b énd
\ myDaq )

CAMB8302E F2018 Exam Review

** CHA and B are
open collector
outputs and require a
pull up resistor.
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Commpoune Gears anel Dirfive Tirains

12 teeth

Drive 30/12=25 40/10= 4 Total Gear Ratio
30 is 30: 1

RPS - revolutions/sec 30/10=3

40 tooth Gear

30 RPS Motor gear turns at

1800 RPM 1800 RPM for an output
To convert from RPS S0/25=t2 shaft of 60 M
to RPM you must e

. RPS

multiplyby  ?

- revolutions/sec RPS 4RPS/4 = 1RPS

RPM - revolution/min 12/3=4 6t)fF;SM
Output Shaft

The gear set to the left is from the motor used in the lab. At
12 VDC the output shaft rotates at 103 RPM with a maximum
torque of 0.127 Nm. The motor has a gear ratio of 30:1 If the
output shaft is turning at 103 RPMs the motor is rotating at
3090 RPM or 51.5 RPS. The hall sensors will produce pulses at
a rate of 154.5 Hz.

CAMB8302E F2018 Exam Review
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DC Motor Control H-Bricze

L293, L298 H-Bridge Operation:

A group of four transistors (MOSFETS) are used to
control the direction of a DC motor. The circuit
reverses which pins on the motor receive the
positive and negative signals. Logic is built into the
driver IC to prevent a short circuit.

Motor braking occurs when both sides of the motor have the
voltage applied?

12v 12v 12v 12v

J Im |-| Im "I |—|
Q1 |fe | Q2 Q1 ||« ~| | Q2 Q1 | ey ~l| Q2 Q1 | Q2
ON || | J|_oFF ol [ | IL_ON oFF |1 | J|_oFF OFF | J|_oFF
H .(/-\ = H (-\7 — H = =
Q3 |}« - | Q4 Q3 ||« - | Q4 Q3 | e ~ | Q4 Q3 - | Q4
OFF || 1 Jl_OoN ON ||_ | 1|_oFF oN [ | V&= Lil_on OFF : | J|_oFF

s - -
Forward Reverse Brake Coast

Fig 2. Bidirectional rotation using a full-bridge

CAMB8302E F2018 Exam Review



Motor Controller Function Table

EN(EI00)Pind (IN1(E01)Pin2 ~ (IN2 {EIO2) Pin 7 Motor Function 126N [ . Ve
1A [ 2 15[] 4A
1Y [|3 __ 14[]4Y
| X X Free Run Motor Stop HEAT SINK 0 HEAT SINK
& 4 Q13 ]} 3
A L | Fast Motor Stop Braking) GROUND _[I5 312l 1 GROUND
2Y [Jle 13y
H | H Clockwise 2417  10[]3A
A A | Counter-ClockiWise Vecz 18 ofI34EN
H H H Fast Motor Stop (Braking) L293 pinout and function diagram
Motor braking only occurs when ENisalogic___ and IN1 and IN2 are at
the ___ logiclevel?

The three control pins determine the motor direction, clockwise or counter-
clockwise. The control signals also control whether the motor brakes or free
runs to a stop. If the motor control IC is enabled and both inputs are at the
same level the motor will stop quickly(brake). If the IC is disabled the motor
free runs to a stop.

CAMB8302E F2018 Exam Review
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myDAQ Moftor
LalbVIEW [Fromt Panel

CAMB8302E F2018 Exam Review
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1283 Control Signels

This section of the VI
controls the direction of the
motor and enables and

CW/CCW disables the driver.
b4 ; The signals connect to IN1
» »  and IN2 on the L293 motor
ENABLE Build Array Digital Outputs controller.
................... ‘ U: T » data
....... o B[ [l -
Channel Settings : : : :
o EN(EIO0)Pin1  [INL(EIO1)Pin2  |IN2 (EIO2)Pin7 ~ |Motor Function
ysica
t @ Fide Detais @‘ Order | Channel
- Digital Output = L X X Free Run Motor Stop
] myDAQ1/portd/line5 .
"""" . 1 myDAQL/portfines H L L Fast M?tor Stop (Braking)
b EN 2 myDAQ1/port0 ine7 H L H Clockwise
H H L Counter-ClockWise
H H H Fast Motor Stop (Braking)

CAMB8302E F2018 Exam Review
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2

Block Diagram

Motor RPS

Encoder 3 pulses/rotati

DAQMXx

Change to RPM

6

Clockwise

Select Direction

ICounter Clockwise f~~ -

Motor RPM

Encoder Freq.

i /30 :'\
Gear Ratio -
4

Output RPM

Read Direction from 74HC74
If true CW
If false CCW

1

>
>
>
>

K3

Read Frequency

Read.vi

>

Index Array 5 Direction

> am!
oaaAssstane | [k al e
TF

data

>

N

The output of the DAQmxRead.vi is the

CAMB8302E F2018 Exam Review
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L Mechanical Switch Debouncing

How long will it take
to fully charge the
capacitor when the
switch is opened?

Labjack

When the PB is pressed
and then released a
edge is
created at the HC14
ouptut?

+5
abjack

47k Q
5.0 vol
1 wa] e

L—"o o— AN
pen _J
Closed — Charged to

T\ 5.0 volts

GND
0.47 uF Discharged Labjack
0 volts

= RC time constant = 2.2 ms.

Labjack

RC = 4.7k x 0.47 uF.

0 volts
5.0 volts Debounced

o/P

Closed 1
Open

When the P.B. switch closes the capacitor discharges quickly through
the 100 ohm resistor the cap and then to ground.

When the switch opens the capacitor charges slowly through the 4.7 kQ
resistor.

While the switch is bouncing it will take much longer to charge than it
will to discharge.

The bouncing voltage tends to occur between O and a voltage which is

less than the upper threshold or from above the lower threshold to 5.0
volts.

CAMB8302E F2018 Exam Review
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Schmitt Trigger Operation

An HC14 has

switching points
and __ and

Uin

When de-bouncing or wave shaping an

Uotk=--

r

Regular logics

HCO04 (bad)
Multiple edges.

CAMB8302E F2018 Exam Review

Schmitt trigger

HC14 (good)
Single edges.

Usu r

HC14 Schmitt trigger inverter must be

Uon

UoLl - --

—

U

1

Schmitt trigger inverter

U
2

UCC Uin

The Schmitt trigger converts the noisy

or slow changing signals to vertical
single edges.
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Most optical
sensors use
leds?

Slotted Optical Switch

Phototransistor
Slot
Slot
r__ﬂ
i as
-of =3 :
. | |
[ E
Schematic
Physical Photo-
Construction transistor

A DC voltage is generally used to drive a light emitting diode (LED) which converts the input signal
into infrared light energy. This light is reflected and collected by the phototransistor on the other
side of the isolation gap and converted back into an output signal.

For normal opto-switches, the forward voltage drop of the LED is about 1.2 to 1.6 volts at a normal
input current of 5 to 20 milliamperes. This gives a series resistor value of between 180 and 470Q)'s.

CAMB8302E F2018 Exam Review
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LSIotted Optical Switch

When the slot is blocked
and then unblocked a
_____edgeis created?

Slotted Opto-switch Circuit

Rotating disc
+hy with slots or holes Vce

. 1kQ
: ut)i Schmitt
Q Inverter | I I | I
Vour
Detector 74LS14
Ov

CAMB8302E F2018 Exam Review
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] Optical Switch Conditioning Using a Schmitt Trigger Inverter

Is the IR LED
always ON?

Yes/No

Cathode 2 v . .
| Bottom View An optical switch is used to count
, Collstor t Optical Switch the number of times an object
Arode I — v OPB804

passes through the slot of the
switch. An HC14 Schmitt trigger is
used to reduce signal noise, to
obtain an accurate count.

To
Counter Pin

SN74HC14...D, DB, N, NS, OR PW PACKAGE

g
—— Labjack 1A o 14V
GND 1Y (]2 13[] GKC
2a(]s 12[) 8Y
2y |4 1[] 5A
SNsaHC14, SNTaHC14 e ofleY
HEX SCHMITT-TRIGGER INVERTERS enoll? ol 4
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Configuration | Triggering | Advanced Timing |

Channel Settings

X Detais E” ~ | Pulse Output Setup
- Pulse Output Settings ‘
Signal Output Range ——r
caled Units
High Time -1m
Idle State Initial Delay (s)
I Low [Z]l | 0 ‘
Qutput Terminal:
Click the Add Channels button PFI3
(+) to add more channels to
the task.
v
Timing Settings
Generation Mode Samples to Write Rate (Hz)
Continuous Pulses E” | 100 |

CAMB8302E F2018 Exam Review

Pulse output can be
configured to
produce a time low
or time high of any
given value. The
pulse out can be
used to PWM (pulse
width modulate )
loads such as heater
motors and lamps.

The output signal is
created on terminal
DIO3.

The signals or LVTTL.

This configuration
will produce a
signal with a
frequency of

ms. and it
will last for
second.

The %DC =
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DAQ Assistant Pulse Out

Volts/div=2, time/div=5ms (myDAQ scope)

Configuration  Triggering ~ Advanced Timing

= myDAQ Pulse Out CAM8302E F2016 Oct 20th.vi Block Diagram + X N Detais | 3 ‘ ~ | Pulse Output Setup
= Pulse Output & Setti
B -
Pulse on DIO3 2067 Signal Output Range
High Time 10m —
st Seconds v
op Low Time Sm
F2016 CAM8302E STOP
Idle State Initial Delay (s)
Low v 0
B Oscilloscope - NI ELVISmx X
— Basic Settings  Advanced Settings Output Terminal:
i LabVIEW Sample Rate: 50, channel05etings [l . Glick the Add Channels button PFI3
Source source (+) to add more channels to
AL0 o AT1 2 the task.
[Enabled [enabled v
Scale Vertical Scale Vertial Timing Settings
Volts/Div Position (Div) Volts/Div Position (Div) Generation Mode Samples to Write Rate (Hz
j _|/ _j _Ij Continuous Pulses v 100
2v v 0l v v 0t
Time/Div Type Slope
Edge -
/ Source Level (V) “
J oot Frequency is 66.7 Hz.
Horizontal Position (%) —
sms (v =
Cursors: c2 dT: 14.98ms
Time high = 10 ms
Acquisition Mode
D Run Continuously v a -
' s Time Low =5 ms.
Hcursors on z; 2:2 : Hco cH1 Prii?:es Autoscale = || @
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TLC555 CMOS Astable Timer

+5 Volts
>
o~
CONT
4 | RESET
7 TLC555
DISCH
o THRES
2| rric
GND
i i 4
0.27 uF =

tc(H) ~ cT (RA + RB) In2 (In2 = 0.693)

tyry = CrRgin2

The capacitor charges through RA + RB and
discharges through RB only.

V(| S S e e

VREF = 2/3 Vce

(Reset)
VRErF = 1/3 Vcc
(Set)
ov
Using the given values
q ; . g. — VIN
etermine:
Period Vce
Frequency
Time high
Time low
% duty cycle
ov — —l .
Time

— 555 Timer Output
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Direction Detection Usineg Encoder

. Hall effect
Rotating magnet creates |j Sensor.

pulses.

Hall effect
Sensor.

30 to 1 gear reduction.
Lower speed but greater
torque.

Hall effect sensors are
separated by 90 degrees. The
two pulses create 4 edges.
(quadrature o/p)

Changing the gear ratio to 40:1 would
decrease the ?
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74HC74 — D-Type Flip Flop

This device
changes the
output on a
rising edge of
the clock?

T/F?

PIN ASSIGNMENT

RESET1 ([ 1@ 14 [ Ve
DATA1 [] 2 13 [1 RESET 2
cock1 [ 3 12 [ DATA 2
SET1[] 4 11 [] CLOCK 2
ai ] s 10 [ SET2
Qrfs 90 Q2
GND [] 7 sl Q2
FUNCTION TABLE
Inputs Outputs
Set Reset Clock Data| Q Q
L H X X H L
H L X X L H
L L X X H* H*
H H e H H L
H H va L L H
H H L X No Change
H H H X No Change
H H N X No Change

74HC74
LOGIC DIAGRAM
RESET 1 1—(‘3
DATA1 —2| 5 a1
6
CLOCK1 —— = q
SET1 —2
RESET 2 —0°
9
DATA2 —12] —— Q2
11 8
CLOCK2 —— — @
1
sera—0 9
PIN 14 = Vg
PIN 7 = GND
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One phase of the encoder
will attach to the clock

input the other phase to
the data input.

When turning in one
direction the data will be
low when the clock goes
through a rising edge.

In the opposite direction the
data will be high when the
clock goes through a
positive edge,
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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 Exam Review

Stepper Brushless motors are

more than
brushed motors.

Advantages
Accurate position control
Excellent low speed
torque
Long life

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

Al

<
A2 3
P,
A3 >
—
NMB-MAT
PM20S-020

B1 B2 B3

-~ ™ (@) n —
LIRS P @AM M)A
J JU|QQLEI” & |D|QEN
AR A PR PR
( i N
NNOQUTCOI .
Bipolar Stepper Motor

)

IS

NMB-MAT
PM255-048
B2

B1

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 motors can have or

Bipolar motors always have _wires. Unipolar

?

CAMB8302E F2018 Exam Review
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For Loop = Used in Stepper Program

parenthesis

declare variable (optional)

nifelze st increment or The statement in this loop is
decrement executed times?

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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[} m n e 2o o)
r to Bipolar Stenper r(f:m:;« o8 @ m)
I U BIpYelal 20 |1RpEl IIiGa tiOul

Original Unipolar stepper — the white wire is cut

Each coil has a resistance
off and the PCB trace has been cut.

=120 ohms from centre
to outer coil wire.

Yellow
E%"e 2
range
J835L Unipolar

Assume a bipolar motor.
With a 10 volts supply
and two coils energized
the power supply will
draw __ mA while

the motor is stopped.

While the motor is
turning the current will

Violet

O

| (™)

Yellow Orange

Modified -- each coil has a
resistance = 240 ohms.

Modified Unipolar -- > Bipolar

CAMB8302E F2018 Exam Review
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S
©

@)
N
©)
@)
W)
T
(D)
&)
&)
(D)
)
©
s
©
)
®)
©
%
P
3
6
®
N

o

motor power supply
(8.2-45V)

EFiPololu | _ v

Robotics & Electronics ENABLE ~ 100 pF
MO
m1 !
> ‘
VvDD v2 |
. RESET
Arduino =ieer [ :
p—STEP
GND »>DIR |

Wired as shown the motor turns
clockwise.

logic power supply

If the violet and blue wires are
(2.5-5.25V)

switched the motor will turn in a
e direction?
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The frequency of the coil
signalis ___ less than
the step signal?

The frequency of the step
signalis ____ more
than the coil signal?

The stepper motor
advance by its step angle
onthe  edgeof
the step signal?

If the step frequency = 4 kHz
the coil frequency will equal
kHz?

DSO0-X 20124, MY53160198: Thu Nov 03 21:10:03 2016

Getting About

4 language

CAMB8302E F2018 Exam Review

Training Signals

[o1oovs 20 5.00v/ 0.0s 10.00%/ Stop £ 3.38V
T T I Y I | T f
51 The top signal is measuring one of the outputs from the ‘W
— stepper motor. The bottom trace is the step signal. The : A?\Jq““itir"
signal is from the stepper control. 10 Err\llngfs
! |
| |
1 ' Channels
DC 10.0:1
[ ——————— OC 10,01
¢ Measurements
Freq('):
35.495Hz
Freq(2):
141 .95Hz
Period[2):
23 ! 7.045ms
| : Period[1):
| | 28.173ms
Help Menu

Learn Sbout

- 30-day Trial
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[y
O W oW <J 0 O & WM e

=
(SIS

13

I Stepper_FWD_REV_DRV8825_F2016 -

S

-

veid setup() {

pinMode (2, OUTPUT); // step pulse
pinMode (3, OUTPUT); // direction

}
veid loop()
{
digitalWrite(3, LOW); //direction
5 for (int x=0; x < 200; x++)

{
digitalWrite(2, LOW);
delayMicroseconds (400);
delay(2);

Assume a bipolar stepper
with a step angle of 7.5
degrees/step?

217

22

23 delay(2);
24 |}

25 delay(1000);
26

27

28

258

30 for (int x=0;

digitalWrite (2, HIGH);
delayMicroseconds (400);

x < 200; x++)

31 {

3z digitalWrite(2, LOW);
33 delayMicroseconds (400);
34 delay(2);

35

3¢ digitalWrite(2, HIGH);
37 delayMicroseconds (400);
38 delay(2);

39}

40 delay(1000);

41 }

4z
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digitalWrite(3, LOW); //hirection

How long with this motor
turn before changing
direction?

How many revolutions are
made in each direction?
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B LabVIEW

@mf] Basic Settings

Source
ALD

Enabled

Scale

Volts/Div

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

and the blue wire.

The two signals are 90 degrees out of phase.
When the motor is turning in one direction the
signal is leading by 90 degrees, in the opposite
direction the signal is lagging by 90 degrees to the

other coil.

Time /Div

----- J

20ms |

Step D
Direction D

Logic Gmu

— The scope is triggered on
=0 et sernce channel ___ ?
v ALl v
etled The scope is triggered on a
edge?
Position (Div) Volts/Div Position (Div)
' N ~J The scope is triggered at the
ol S s __ horizontal position?
- ope Channel 1 vertical position =
Edge [& and the ground is
sci:rncemmev ““L,‘Z’: division higher than
Horizontal Position (%) ok the base?
The trigger level = volts.
DRV 8825 Bipolar

Stepper Controller j POS Motor Voltage
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D NEG Motor Voltage
Yellow
S Orange §
Blue
B Violet §

70




If the motor is
turning at 150
RPM the period
of the hall
effect sensor

o/p will equal
?

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
E LabVlEW‘ Sample Rate: 12.50kS/s o R

Source Source ‘
AIO v Al v
- Enabled Enabled
Step signal Probe coupling Probe Coupling
Scale Vertical Scale Vertical
Volts/Div Position (Div) VoltsDiv Position (Div)
' J J
2V v oS 2V v -4 3
Hall Sensor with magnet from DC Motor (shown on last pg.)
Time/Div Type Slope
- Source Level (V)
) Chan 1 Source |+, 25
Horizontal Position (%)

20ms |« ' ot

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

What is the voltage level of the step signal and the coil signal with
respect to ground?
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myDAQ Supply (+5)

Arduino

Pin 9

6.0 VDC

o hardware
iguration.

CAMB8302E F2018 Exam Review

The period of the servo
motor PWM control
signal=___ ms.

The position of the shaft
is changed by altering the
time _ of the PWM
signal from 1 to 2 ms.

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.




Imillisecs.

Make the servo movement

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

Ground (0V)
Power (+5V)
Control (PWM)

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

CAMB8302E F2018 Exam Review

At 1.5 ms. high the servo
output shaft is in the

__position?
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servo_motor_test_with_slider_Nov_11_2016

oW N

o

WM MMM N NN
S VU SE

O w W -

// Contrelling a serve position using a potentiometer (variable resistor)

// by Michal Rinott <http://people.interaction-ivrea.it/m._rinott>
// Modified by Michel Hanbury
// For CRMB30ZE Nov. 12, 201é

Servo Motor
test program.

$include <Servo.h> // add serve library

Servo myservo; // create serve cbject to contrel a serve

int slider = 0; // analeg pin used to connect the potenticmeter
int Analeg_In; // wvariasble to read the value from the analeg pin |f A/D 0 - 2 1 VO|tS then Analog |n -
int Serve_Angle; ' -
void setup() and Servo_Angle = ?
{

Serial _begin (96€00); // 9600 bits/second to display variable data

myserveo.attach(9); // attaches the servo on pin 3 to the servo cbject
}
void loop()
{

2Analeg_In = znalogRead(slider); // reads the value of the potentiometer (value between 0 and 102Z3)

Serve_Angle = map(Analeg_ IN, 0, 1023, 0, 180); // scale it to use it with the serve (value between 0 and 180)

// adjusted for min of 0 deg to 180 deg.
myservo.write (Serve_Angle); // sets the servo position according to the scaled value

Serial.print("Analeg In ");
Serial.print(Analeg_In);

Serial.print(" Servo Angle ") i

Serial.println(Serve_Angle);

'ielaj{(lS): // waits for the serve to get there
}

CAMB8302E F2018 Exam Review
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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.

Program Output

Analog In 515 Serve Angle
Analog In 515 Serve Angle
Analog In 515 Serve Angle

The analog input voltage
equals?

=) BasicSettings  Advanced Settings

E LableW. Sample Rate: 200.00 kS/s Channel 0 Sett —:f. Channel 1Settings .

Source Source

AID v Al v
Enabled [Jenabled
Scale Vertical Scale Vertical
Volts/Div Position (Div) Volts/Div Position (Div)
) D 9 D
S0 2y [v 02 |y ols
S0 - -
S0
Time /Div Type Slope
\ Source Level (V)
) Chan 0 Source| 2t
Horizontal Position (%) e
10 '+
500us [ ]
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This level converter
converts to

levels and vice versa.

When interfacing the accelerometer to the Arduino a 3.3 volt to TTL level
converter is required. This board converts 3.3 levels to TTL and vice versa.

CAMB8302E F2018 Exam Review
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Interrupts vs Polling

1 veid setup() {

w N

attachInterrupt (0, slow, RISING); // on pin 2
attachInterrupt(l, fast, RISING); // on pin 3

s

[ O T O T O B S ]

T/F?

w

A rising edge on pin 2 will
execute the slow() routine?

101 wvoid fast(){ // Interrupt service routine
102 delayTime = 10;

103 '}

104

105 wvoid 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 can be
configured for rising or
falling edges?

T/F?
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Insice a Solic State Relay (OACS) Black

Solid State Rela
_____________________ 0 ElectronicsTutorials

The snubber is used to

. Triggering
o the internal

————————————————————— circuit.

| |
Input 3-32v DC Output 48-480v AC
| * Atriachas
|  Rn Output e | terminals?
| Device I | |
Opto-coupler (Triac) I | o

| e I | .

Ir . : 5 The output is
: ISZ —> I : = | isolated

: e _ : B | from the input?
I -——————— Zero-crossing T ! |
| Photodetector Detector and . |

@
|

The solid state relay includes opto-isolation, a zero crossing detector, a triac and
a snubber circuit to suppress transients from inductive loads.
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0123 45 6 7DD

**No Vee
Connection

ULN2003A

** Device is shown
upside down

Device on with a
low on pin 4 of the
solid state relay. I- _____________
Solid State Relay
3A 120 VAC

MADE IN USA
@ €N
LR 84997 E150818
5 24-280 Vac
LoOGIC 3
_ INPUT OUTPUT

P PO L B

Output

eratior
|199119

120V AC =1
40 Watt Lamp i';

Pre-Build Circuit

@

CAMS8302E F2018 Exam Review

Circuit is required in lab 8.

The ULN2003A drivers is added to the
digital output on the myDAQ. The
specifications for the myDAQ indicate a
maximum current of 4 mA. The SSR has a
load of about 15 mA when active.

The ULN2003A inputs draw less then 1
mA when controlling the SSR.

What is the voltage on pin 10
when pin 7 is 3.3 volts?

Could this SSR handle a 200 watt
lamp at 120 volts? How much

current would flow through the
SSR?



OACS5 — Controls an AC signal using logic levels. Current flowing through the LED
energized a photo transistor. A triac is energized using a zero voltage detection circuit.
The zero detection circuits used to energize the device only while the current is low,

this helps to reduce spikes when turning the device on or off.

Arduino or myDAQ

40 Watts

Supply (+5)
0ACS (Black
3 ( )
Arduino or myDAQ :
Supply (+5
pply (+5) A !
|
|
R it o |
i i I
1 I
| : |
| ! 4 !
i 4.7 kohm . ¢ : Solid State Relay 3A 120 VAC
Digital ' i
NPN
Output ! H
i i
| E :
|
| |
' N
: Ground |
d e mmmmemmem—m—m—————— i
myDAQ or Driver to reduce loading
Arduino of digital output.

L This is the most common type of

SSR? T/F?

Why is the transistor required on
the Arduino?

DR-JO<OAC-R0-280
www.omega.com

120 VAC

Power-io part number: 10-0AC-280

Field devices:
load = 12-280 vac g
at0.1 -3 amps

Zero voltage detect
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Application of a
4.28 vdc signal
will cause the
load to turn on
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IAC5 — Measures an AC input voltage and converts it to a logic level. The AC is
converted to DC using a bridge rectifier. The DC current activates an led which then

turns on an LED and transistor causing the logic level to change.

Arduino or myDAQ

Arduino or myDAQ Supply (+5)
Supply (+5)
AC IAC5 (Yellow) 3 _CP
| |
L O
| |
I |
| i 91
1 Kk 4 Logic 1 Digital
1| E | - Input
| |
2 il .o
|
I I 5@‘
AC
Solid State Device e —

120 VAC

myDAQ or
Arduino

I0-IAC-280-P : An AC
field input on terminals 1
and 2 = the voltage of
terminal 4 will change
from ground (terminal 5)
to vece (terminal 3)

What is the purpose of the bridge
rectifier?
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IDC5 — Measures an DC input voltage and converts it to a logic level.

I0-IDC-028-P : A DC field 4
input on terminals 1 and

2 = the voltage of

terminal 4 will change

from ground (terminal 5)

to vee (terminal 3) a

Arduino or myDAQ

This device can be used to interface an Ardino or myDAQ Supply (+5)

Arduino input to a PLC output? T/F sy (+5)

DC+ IDCS (White) j

L} L}
[ O O
swi DC LOAD 4®_ Logic l: Digital
Input
2% %

DC-

2 amps Solid State Device

How much power is dissipated by
the load when the supply is 24 |: myDAQ or

volts and the load is 40 ohms? Arduino

CAIVIODOULL r4ZuUlo CXdIll Review



ODCS5 — Controls A DC voltage using logic

levels.

This device can be used to interface an
Arduino output to a PLC input? T/F

Arduino or myDAQ

Add if load is inductive

Supply (+5)
0DCS (R d) www.omega.com
3 < 1 samphax  (2) C€ G AN

Arduino or myDAQ : DC LOAD i
Supply (+5) |
|

| !
(P 2 Fee
|
|
|
4 |
Solid State Device 2 Amps
Digital 24vbe
Output
Power-io part number: 10-ODC060
myDAQ or Driver to reduce loading . . Anplication of a
. - Field devices: pp 8
Arduino of digital output. load = 5.60 vdc 4.28 vdc signal
| at0.1-3 amps will cause the

When are diodes required at the
output?

load to turn on

Diode must be used with inductive loads
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Transcucer Specs wAGD'

Technical Data
Configuration A transducer converts one signal form to another.
Configuration DIP switches
Input:
Input signal 0..20mA 4 . 20 mA, .
Lc:iv,o...lov,z...lov,l...5v Examples.
Input resistance £50Q(In :'&M' .
— 21000 (In = V) Resistance to voltage: 0-100 ohms to O- 10 volts.
Output signal 0..20mA, 4..20 mA, Voltage to current: 0-10 to 4-20 mA.
0.5V,0..10V,2..10V,1..5V
' Current to Voltage: 4 to 20 mA to 0 to 5 volts.
Lood impedance 400 O (Out = mA)
2k0 (Out=V)
General specifications: What power supply voltage is
Vohage supply V, 24V DC required for this device?
Supply vollage range 168V..312V
Current consumption at 24 V DC £25mA
Max. cpercling requency .',?;:;Qfﬁ.p switch) List 5 common instrumentation
Response time (T,) <3.5ms /<100 ps signals ranges?
Transmission error % 0.1 % of the full scale valve
Temperature coefficient £0.01 % /K
Zero/span odjustment + 3% of upper range value
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Dip Switch 51 (2-fold)

Dip Switch 52 (6+old)

e wAaco
OOm O JUMPFLEX® Transducers
_ —elefefel | se Isolation amplifier, with zero/span adjustment
33 N T A set of jumpers are used to select
I s the input and output signal range.
T T oownv Examples:
E : 2‘,’1205 Circle the setting to select an
i e 0-20 mA input of 4-20 mA and an output
E : %:Ev‘v' 4-20 mA of 2-10 volts?
o : 2: 0-10VDC
e 2-10 VDC
L oS
R - 1-5VDC

CAMB8302E F2018 Exam Review
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Omega T/C Transducer

This converter is powered

Output Connections

by
24 VDC.

M uyn 6
The input can be a type “K”, C?M ",5“, =
“T” or “)” thermocouple OuTPUT
selected using jumpers. OMEGA’ Input Connections

. DRF-TCJ

The device includes cold

junction compensation. " aqv Cane ,

. K[rafre[ )
The output is jumper INPUT
SHL| -
selectable for 4to 20mAor |y ; _‘; S AC Poress
Ci Coni
0 to 10 VOItS' ONNEC'I'IONS24 Voo = INECTIONS
- +

0 Voc ~

The device is calibrated .

The ___wire on a thermocouple <&

using zero and span

) is the negative signal?
adjustments.
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The advantage of using an arrangement such as this, is that the switching transistor is
much more sensitive as only a tiny base current is required to switch a much larger load
current as the typical gain of a Darlington configuration can be over 1,000 whereas
normally a single transistor stage produces a gain of about 50 to 200.

Then we can see that a darlington pair with a gain of 1,000:1, could switch an output

current of 1 ampere in the collector-emitter circuit with an input base current of just
1mA. This then makes darlington transistors ideal for interfacing with relays, lamps
and motors to low power microcontroller, computer or logic controllers as shown.

ULN2O3A

Darlington Transistor Applications L .
“
) T
The Darlington pair transistorhas — e 1
+9 volts M 0 L E
avery Beta? (i ' > o 1t
| ! | Do 13
750R | " | .
When using inductive loads pin 9 ' ('“D ==) S ' Do Ly
I 58 | :H—"' 1
must connect to the ? LED | ] | Do b
- | | '—H‘—'ll ]:
| | —I #: - i .
| = -— | .-
[ 1k | Motor Lamp Heater — . [n_._
. X e e e e 7 !
o E’ectromcsTutona/s V.n Different Collector
Loads
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+Vce

Load []R. o ElectronicsTutorials
Resistor
Vou
Ip
Ve 0— & b When turned on the voltage
Base Resistor between the CE junction is very

?

0 volts

When the base of the NPN transistor is grounded (0 volts) and no base current, Ib flows,
no current flows from the emitter to the collector and the transistor is therefore
switched “OFF”. If the base is forward biased by more than 0.7 volts, a current will flow
from the emitter to the collector and the transistor is said to be switched “ON”. When
operated in these two modes, the transistor operates as a switch.

The problem here is that the transistors base needs to be switched between zero and
some large, positive value for the transistor to become saturated at which point an
increased base current, Ib flows into the device resulting in collector current Ic
becoming large while Vce is small. Then we can see that a small current on the base can
control a much larger current flowing between the collector and the emitter.

CAMB8302E F2018 Exam Review
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Triac Switching Circuit

o ElectronicsTutorials

Lamp
Triacs have __ leads and @ O
usually control an _load? M, 100w |
I. SW R=500 A v

-

e Y
7 |

The circuit above shows a simple DC triggered triac power switching circuit. With switch
SW1 open, no current flows into the Gate of the triac and the lamp is therefore “OFF”.
When SW1 is closed, Gate current is applied to the triac from the battery supply Vg via
resistor R and the triac is driven into full conduction acting like a closed switch and full
power is drawn by the lamp from the sinusoidal supply.

CAMB8302E F2018 Exam Review
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o ElectronicsTutorials http://www.electronics-tutorials.ws/

Voo MOSFET as a Switch

RLVM We saw previously, that the N-channel,

Switch Enhancement-mode MOSFET (e-MOSFET) operates

“open” using a positive input voltage and has an extremely
I Ov high input resistance (almost infinite) making it

possible to interface with nearly any logic gate or

driver capable of producing a positive output.
The MOSFET source connects to

I {

To “turn ON” the MOSFET the The MOSFET on resistance is very
gate voltage mustbe _ _______ theoff resistance is
than the trigger voltage? very _ B
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http://www.electronics-tutorials.ws/

o ElectronicsTutorials

The DC Stepper Motor

Like the DC motor above, Stepper Motors are also electromechanical actuators that
convert a pulsed digital input signal into a discrete (incremental) mechanical
movement are used widely in industrial control applications. A stepper motor is a type
of synchronous brushless motor in that it does not have an armature with a
commutator and carbon brushes but has a rotor made up of many, some types have
hundreds of permanent magnetic teeth and a stator with individual windings.

As it name implies, the stepper motor does not rotate in a
continuous fashion like a conventional DC motor but moves in
discrete “Steps” or “Increments”, with the angle of each
rotational movement or step dependant upon the number of
stator poles and rotor teeth the stepper motor has.

Because of their discrete step operation, stepper motors can
easily be rotated a finite fraction of a rotation at a time, such as
1.8,3.6, 7.5 degrees etc. So for example, lets assume that a
stepper motor completes one full revolution (360° in exactly
100 steps.

Stepper Motor

Then the step angle for the motor is given as 360 degrees/100 steps = 3.6 degrees per
step. This value is commonly known as the stepper motors Step Angle.

CAMB8302E F2018 Exam Review
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A stepper motor with a step angle
of 1.8 degrees per step has
steps per revolution?

A stepper motor has 48 steps per
revolution, each step angle equals

___degrees.

A 1.8 degrees/step stepper motor
is operated using 1/32 micro
stepping. How long will it take to
rotate one revolution a 30
us/step?
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DC Servo Motor Block Diagram What is the typical period of the

PWM signal of a typical servo

Position
[

Cog Rotation motor? __ . ms.
Gearbox o
D.C. Motor For Speed ey
Reduction
o o
Position What is difference between an
Feedback Loop Sensor . .
| S d incremental optical encoder and
: an absolute optical encoder?
Error signal
Eror Detedi _ Positional
rror Detection -+ | Signal
Amplifier nputSign
A servo motor consists of a DC motor, reduction gearbox, positional feedback device and Which encoder type is used in the
some form of error correction. The speed or position is controlled in relation to a DC motors used in the lab? _

positional input signal or reference signal applied to the device.

The error detection amplifier looks at this input signal and compares Which type is used in industrial
it with the feedback signal from the motors output shaft and robots?
determines if the motor output shaft 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 )
RC Servo Motor
“Closed Loop System”. CAMB8302E F2018 Exam Review 93
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The “Brushless” DC Motor

The brushless DC motor (BDCM) is very similar to a permanent magnet DC motor, but
does not have any brushes to replace or wear out due to commutator sparking.
Therefore, little heat is generated in the rotor increasing the motors life. The design of
the brushless motor eliminates the need for brushes by using a more complex drive
circuit were the rotor magnetic field is a permanent magnet which is always in
synchronisation with the stator field allows for a more precise speed and torque control.

Then the construction of a brushless DC motor is very similar to the AC motor making it
a true synchronous motor but one disadvantage is that it is more expensive than an
equivalent “brushed” motor design.

The control of the brushless DC motors is very different from the normal brushed DC
motor, in that it this type of motor incorporates some means to detect the rotors
angular position (or magnetic poles) required to produce the feedback signals required
to control the semiconductor switching devices. The most common position/pole
sensor is the “Hall Effect Sensor”, but some motors also use optical sensors.

Using Hall effect sensors, the polarity of the electromagnets is switched by the motor
control drive circuitry. Then the motor can be easily synchronized to a digital clock
signal, providing precise speed control. Brushless DC motors can be constructed to
have, an external permanent magnet rotor and an internal electromagnet stator or an
internal permanent magnet rotor and an external electromagnet stator.

Advantages of the Brushless DC Motor compared to its “brushed” cousin is higher
efficiencies, high reliability, low electrical noise, good speed control and more
importantly, no brushes or commutator to wear out producing a much higher speed.
However their disadvantage is that they are more expensive and more complicated to
control.
CAMS8302E F2018 Exam Review

Brushless motors usually last

Brushless DC Outrunner motor

ESC — Electronic Speed Control (PWM)
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Vcee (+5to +15V)
)

8| 4
R1
1_ - -
7.
+—1Discharge
0 t I -t
R2 555 3 e o Astable
Astable " Output
2
Ve Trigger
4 6
Threshold
lt]e] — Ej_ 1
T - C1 C2
Ve
T Tl

+5 Volts

l

Figure 5

TLC 555 Timer Circuit

|s 8

ﬁ_ Rg 6
w
| 2
kg
L 0.33uF

te(H)

tc(L) =~ CyRglIn2

CONT Voo
RESET

TLC555
DISCH

ourt
THRES

TRIG
GND

_L‘I

10k
Ry

3| Output

Tc

= C.I.(RA + RB) In2 (In2 = 0.693)

Calculate the period, frequency, %
duty cycle, time high and time low of
the 555 timer above.
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— [=p ] BasicSettings  Advanced Settings
ﬂ LabVIEW‘ Sample Rate: 25.00 kS/s A e . e .

Source Source

AIO v Al'l v
: Enabled [“JEnabled
Yellow Coil : — = b R "
: Scale Vertical Scale Vertical
Volts/Div Position (Div) Volts/Div Position (Div)
) I
- S5V v 05 2V v -4 3
Step signal DRV8825 I )
Time/Div Type Slope
Edge v
= Source Level (V)
| I | | | | ‘) Chan 1 Source |\, 245
N o o - Horizontal Position (%) -
. 0ms v ' 10 (%
Cursors: : 19.18 mV C2: 18.83mV
** Assume the motor is 7.5 degrees/step. The scope trigger level should be set to about

in this example?

What is the speed of the stepper motor in RPS?
The scope is triggered on a rising edge T/F?
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I Stepper_FWD_Test_DRV8825_F2016_tone1 § _

1|/%* Stepper Motor Control using a

2| * Pololu DRVEB825 Stepper Controller
- ! e

3 * ovember 30th 2016

4| ¥ Michel Hanbury for CAM8302E

5 ~

6 void setup() {

pinMode (2, OUTPUT); // step pulse

8 pinMode(3, OUTPUT); // direction
9 1}
10
11 void loop()
12 [{
13 digitalWrite (3, HIGH); //direction
14
15 tone(2,96); // 1/96 Hertz = 10.42 ms.
16
17 // tone(pin, freq,duration in ms)
18 List two ways the motor direction
19 // range 31 Hertz to 65,535 Hertz -- integer // can be changed, one software
20 // square wave // and one hardware?
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Unipolar Motor 120 ohms between the Bipolar stepper motor — this is the modified

centre tap wire and an outside lead. stepper the centre tap white wires were

Whitel to blue = 120 ohms. cut. The bipolar motor can be used with
the DRV8825 bipolar motor and will have a
greater maximum torque.

Violet

White 1

Blue
Violet
Blue

Yello Yellow
w
J835L J835L
120 ohms White 2 24(10th
7.5°/ step 7.5°/ step
range
range )
J835L Unipolar J835L
Modified (Bipolar)
How much current flows through How much current flows through
white and violet with a 10 volt blue and violet with a 10 volt
supply to the stepper controller? supply to the motor controller?
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A - g - ) \
Rrepnelalleee DC 'fm::mﬂz (=20 M)
n) — | n)
DU CIadUUUSDe W\ U\ O\ U \_-y_.—_-ﬂ\‘_:/_/“
22 int AIN 0 = analogRead(0); // value between 0 and 1023
23 int PWMl = map(AIN_0,0,1023,0,255);
10':':' Iinea,rt Vee 25 digitalWrite(10,HIGH); //high = CW, low = CCW
variable resistor 26 analogWrite(11,PwWMl); // PWM runs at 500 Hz duty cycle 0 to 255
27 int TH = pulseIn(9,HIGH); // measures time high in microseconds
> 9 Serial.print(PWMl); Serial.print(" ");
CwW +12VDC 30 Serial.p t(AIN_0); Serial.print(" ");
= 1 Serial.println(TH);
Speed If the time high of the feedback
Speet BLDC Motor | ¢ Hme N8
a0 signal is 40 microseconds the TH
oput  Period=2ms = variable willequal ___ ?
pamcn g |
1l ]
— output input :
DIR(10)
— - | rign cw) Lowcem nput_r— Moving the variable resistor
inpul
Speed(9) |—| Feed Back Signal o/c ouput_[— clockwise will cause the motor to
T 5
Vee _______ inspeed
Arduino MEGA
\ ground
4.7k
ARDUINO Pull up
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If the encoder frequency equals 1000 Hertz
the output shaft RPM equals __ ?

Motor — commmm— Brushed 30:1
voltage a—
3600 RPM
120 RPM
Logic — ‘ee—
SUPPY em—
Encoder Output O .
Channel AB — 3 pulses/rev DC Motor Gear Train
L I O Geared DC Motor with Encoder

The gears are used in this application to
the on the output

shaft?
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w M

int PWMl = map(AIN 0,0,1023,0,253);

(92 Y S

0 ~J oM

O

Serial.print (PWMl); Serial.print(" ");
Serial.print (AIN 0); Serial.print(" ");

(VST CF T OO T % R AF R OO I A5 N S T o8 |

W
- O

Serial.println(TH);

If the analog input equals 3.0 volts, the PWM variable will equal

CAMB8302E F2018 Exam Review

int AIN 0 = analogRead(0); // value between 0 and 1023

digitalWrite(10,HIGH); //high = CW, low = CCW
analogWrite (11, PWMl); // PWM runs at 500 Hz

int TH = pulseIn(9,HIGH); // measures time high in microseconds

duty cycle 0 to 255
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8 Oscilloscope - NI ELVISmx

Sample Rate:

High Time

Low Time

125.00 kS/s

Graph
Properties

Basic Settings
Source
ALOD

[] Enabled

Scale
Volts O

Device

myDAQL (N myDAQ)  |v

Autoscale

Advanced Settings
. Channel 1 Setting
Source
v All
[MEnabled
Vertical Scale
Position (Div) Volts/Div
|
0 2V
Type
Edge v
Source

Chan 1 Source |,

Horizontal Position (%)

Vertical
Position (Div)

Acquisition Mode

Run Once
Run Stop

= |

Help

CAMS8302E F2018 Exam Review
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This is a screen capture from lab
6. Which trace is the PWM signal,
which trace is the encoder signal?

The encoder signal is from one of
the two channels from the DC
motor. The motor produces 3
encoder pulses for each
revolution of the DC motor. The
motor has a gear ratio of 30:1.

How fast is the output shaft
turning in RPMs ?
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8 Oscilloscope - NI ELVISmx

125.00 kS/s

Sample Rate:

[M cursors On Graph
c2lcHr v Properties
] o )
High Time 4m
Seconds v
Low Time 6m

Basic Settings  Advanced Settings
ttings [} Channel 1 settngs [l

Source Source
ALOD v All v
[ Enabled [Aenabled

Scale Vertical Scale Vertical

Volts Oiv Position (Div) Volts/Div Position (Div)
|
2V v 0 2V |y 43
Time Oiv Type Slope
Edge v e
/ Source Level (V)
J Chan 1 Source| 148
Horizontal Position (%)
10 %

2ms |
Device Acquisition Mode
myDAQ1 (NI myDAQ) v Run Once v

Run Stop Help
Autoscale =3 | . 1 9

CAMS8302E F2018 Exam Review
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This is a screen capture from lab
6. One trace is the PWM signal
the other is the motor encoder
signal.

Which trace is would you
measure to determine motor
speed PWM or encoder signal?

Explain why?

Is the PWM signal synchronized
with the encoder signal?

If the duty cycle of the PWM
signal is increased the period of
the encoder signal will ?

103



— [l Basic Settings m F2018
-E LabVIEW Sample Rate: 200.00 kS/s Channel 0 Settings . Channel 1 Settings .

Source Source . .
ALO 5 AL L B Based on the information
EjEnabled Eenabled in the screen capture the
DC brushless motor is
Scal Jertical Scal Vertical .
VG Poston@v)  VagDv  Positon o) turningat ____ RPM.
. \ | \ \
Encoder Signal j _J j —J
A A A 2V v 0l 2V v 48
— - Based on the information
Time/Div Type s,o-pe in the screen capture the
PWM Bushldss Edge  |v .
Motor \ ) Source Level (v) PWM signal has a duty
___________________________________________________________ ) Chen 0 Sacn g ] cycleof % anda
Horizontal Position (%) -
e B 50 1% frequency of  Hz.
A A ) A/D voltage = 4.27 (Supply = 4.74)
22 int AIN 0 = analogRead(0); // value between 0 and 1023
3 int PWML = map (AIN 0,0,1023,0,255); DC Brushless Motor FIT4401
- 45:1 gear ratio (12 VDC 75 mA)
igitalWrite (10, HIGH) ; 6 pulses per revolution
ite (11, PWM1);
e e00®
males it s e ety PWM  MOT- DIR FG DC+
Serial.print (PWM1l); Serial.print( ); Pin 11 Pin10  Ping
Serial.print (AIN_0); Serial.print(" ");
1 Serial.println(TH);

-> 230 925 2270

CAMS8302E F2018 Exam Review 104



MAbeollvte [Emeocler

/// l'/’///

) /"’///,,””“
Ll

L

W \ﬂ >

W

. \

T \u\\\‘“‘:\ e W
1

The absolute encoder knows the current position on startup of the
system. The encoder uses a pattern on the rotating disk and optics to

determine position. A quadrature encoder is an incremental encoder.
CAMS8302E F2018 Exam Review

What is the benefit of
using an absolute encoder
compared to an
incremental encoder?
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myDAQ Supply (+5)
Servo hardware

Supplies higher configuration.
current to Servo

Arduino

What is the typical period
6.0VDC of a servo motor control
signal?

Pin 9
— PWM signal

The time high of the
control signal is about
_____ ms when the servo
is in the centre position.

Gnd - |

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.

CAMB8302E F2018 Exam Review
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F2018

Analog_IN = analogRead(potpin); // reads the value of the potentiometer (value between 0 and 1023)

Servo_Angle = map(Analog_IN, 0, 1024, 35, 150); // scale it to use it with the servo (value between 0 and 180)
myservo.write (Sexvo_Angle); Analog In - 1023
| serial.print (analog_in); Servo_Angle = 149

nt (" ");
Serial.println(Servo_Angle);

Based on the information
in the screen capture the
Servo Motor will rotate
about  fromthe
full CCW position.

149

Based on the information
S - in the screen capture the
= - Servo Motor control signal

Vv
'

_ will have a PWM duty
= cycle of % and a
period of ___Hz
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4to 20 mA

Loop Powered
Range 0 to 100
degC

N
=]
[-%

egC

2500

QArduino Supply (+5)

% A/D 0-5volts
0-1023
ARDUINO

MEGA

Integer value

A/D Temp

Determine the Arduino integer value
when the temperature equals 20 degC.

0-10 vDC

+24

]

Range 0 to 100
degC

w
o
[-%

egC

2_l
=)

% 2.2k

-

Gnd

QArduino Supply (+5)

ARDUINO

MEGA

A/D 0-5 volts
0-1023

Integer value

Temp

Determine the Arduino integer value
when the temperature equals 30 degC.
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Arduino Supply (+5)

?

Digital
Output

ARDUINO
MEGA

o

24VDC

Arduino Supply (+5)
3 oDcs (Redl) 1+ .
i I 24 —
24VDC
1k |
1 |
: E : Electronic Rockwell
1| &0 Lol Automation
= s h ‘l : :
: ! | ! 0/24 |
N : 4 I | 5. o/P /P L
: E Solid State Device
| ; PLC
| |
! Ground == |
e o e e | I

Driver to reduce loading
of digital output.

When the electronic switch is energized the PLC input equals
___volts?
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Rockwell
Automation

PLC +24 volts

O

0/P

Arduino Supply
(+5)

DC+

0/24

©

Approximately how much current flows through the output of

the PLC?

DC-

IDC5 (White)
| |

BTIERTE

OO

Solid State Device

?

Logic O/P

Arduino Supply

CAMB8302E F2018 Exam Review

(+35)
Digital
Input
ARDUINO
MEGA
Gnd
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40 Watts

Arduino or myDAQ y \
Supply (+5) <

0ACS5 (Black ‘

3 (Bldd W

Arduino or myDAQ : — : \ O]
Supply (+5) . |
+ | |

: % : Electronic
[ g, - - | g | Switch

| |
\\ | |
| |
[} |

L =)

Solid State Relay 3A 120 VAC

Digital !
Output }L

Complete the circuit sections that are greyed out.

- - - o= -

myDAQ or Driver to reduce loading
Arduino of digital output.
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Inductive Sensor

Sensor Supply Supply (+5)
24VDC Arduino
Supply (+5)

24 volts when target detected.
0 when not detected.

Arduino

o/P

| 4.7 kQ

10suas
aApINpu|
oleV\§ 24

— If the target is detected the Arduino
el input will equal a logic ?

V2222222222222)

Gnd

Ground
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Sensor Supply
24VDC

24 volts when target detected.
0 when not detected.

o/P

10SU3S
aAnINpU|
JAA Y2

V2222222222222

Arduino
Supply (+5)

Arduino
Supply (+5)

4.7 kQ

ULN2003A .
Din

Arduino

ﬁ_

* - - - >

When is it required to
connect pin 9 of the
ULN2003A to the supply
voltage.

Gnd

Ground

L 7YYYYS
BB
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If the CJ is at
22 degC and
the HJ is 40
degC the T/C
voltage equals
__ mV?

“K” (vellow) Thermocouple

°C 0
30  -1.156
20 0778
10 -0.392
0 0.000
0 0.000
10 0.397
20 0.798
30 1.203

40

50 2.023
60 2436
70 2.851
80 3.267
90 3.682

TABLE 9 Type K Thermocouple — thermoelectric voltage as a function of

-1.231
-0.854
-0.470
-0.079

0.079
0.477
0.879
1.285
1.694

2.106
2.519
2.934
3.350
3.765

temperature (°C); reference junctions at 0 C

3

4

5

6

7

Thermoelectric Voltage in Millivolts

-1.268
-0.892
-0.508
-0.118

0.119

-1.305
-0.930
-0.547
-0.157

0.158

-1.343
-0.968
-0.586
-0.197

0.198

-1.380
-1.006
-0.624
-0.236

0.238

-1.417
-1.043
-0.663
-0.275

0.277

Ke-c

-30
-20
-10

About 40 uVoelts /degree Celsius K
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ADB23 Instrumentation Amplifer

The AD623 is an instrumentation amplifier. The gain of the amplifier is easily BRI
configured using one resistor. An output offset can also be easily added with a 2

g g P y 299 5%5%%
reference input pin. The device can be used to amplify signals from load cells, pressure A W S S S SR

339 47 3,56 o 68 g 82

33
sensors and thermocouple. The device has rail to rail output meaning the output signal \‘ % % ‘ 'Q %
A O e T

can go from min supply to maximum supply. {

Table I. Required Values of Gain Resistors

Desired 1% Std Table Calculated Gain -
Gain Value of R, (2 Using 1% Resistors AD623 Data Sheet info
2 100 k 2
5 24.9k 5.02
10 11k 10.09 ~Re [4 8]i66 If the gain resistor equals 1.8k the
20 5.23k 2012 W[ 7] +Vs gain equals ;
33 3.00 k 33.36 +n [zl 6] outpur —
40 2.55k 40.21 -vs [4] 5] REF
50 2.05k 49.78 o
65 1.58 k 64.29 R;=100 k(G- 1)
100 1.02k 99.04
200 499 201.4
G 200 ] 501 G = (100kS2 /Rg)+1
1000 100 1001
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Determine the gain of the AD623 instrumentation
amplifier when using a 470 ohm resistor?

If the resistance from the wiper to ground equals

the output of the amplifier equals
______volts. Answer to +/- 2mV.

4k, the reference voltage equals ___ volts.
myDAQ 5.0V
+IN 3
Type “k”
40 uV/degC
8 Pos 470 +Rg myDAQ Ain0
Q ohms
Rg
Neg REF 3 my DAQ 5.0
| AD623 Data Sheet info I AN, / Vs VvDC
Adjust for 2.000

-Rs E %"RG volts
-IN|2 7|+Vs
+In[3] 6] outpur W\l | 10k 10 turn
-vs 4] ] ReF 10k = variable

AD623

Rg= 100 k(G - 1)
G = (100k2 /Rs)+1

myDAQ GND

CAMB8302E F2018 Exam Review

If the CJ =22 degC and the HJ is 39 degC
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What is the value of the gain
resistor?

What is gain value?

What is the purpose of the
variable resistor?
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llllllll\ll\lll — —
| o W — |
T MO N «~ O OO ©
™ T - T o
%) = = =] & g g <
3 £ & § % 8 R N
~ 1 < o
o DE x o g 5
g S T g g & 2 ~
= - ~ G]
-~ AN M < 0 © M~
5 [D104]
Scope CH1 e Scope CHO
Encoder (Violet) e Encoder (Blue) - =
myDAQ — myDAQ Direction
Quadrature I/P Quadrature I/P 2 LED
8 l l”k s
= s 680
& E
3
‘ +5
|g|ta| en/dis |
Timer/Counter
P L293D +5V
DC MOTOR . 6
1&2EN V-Logic 15
1A IN 4A IN 12
1Y 4Y 13 -
GND GND 1
GND GND 11
2Y 3Y 1 e
2A IN 3AIN 8
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.

CAMB8302E F2018 Exam Review

Which IC and pin is
used to determine the
motor speed?

Which IC and pin
control the motor

118



Interrupt Program for Stepper

5 #define direction 4

& #define step 5

7 #define steptimel 20| // micro seconds 10.4 high, 10.4 low

8 #define steptime2 0 // milli seconds period = 20.8ms * 48 = 1 socond/rev.

g9

10 void setup() {
11 pinMode(step, OUTPUT); // step pulse
12| pinMode(direction, OUTPUT); // direction
13 attachInterrupt(digitalPinToInterrupt(2),directionl, FALLING); // from optical
14  attachInterrupt(digitalPinToInterrupt(3),direction2, RISING); // from push button
15 digitalWrite(direction, LOW); //start in one direction
16}

What are the two benefits of interrupts over polling? ,
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Quadrature Encoding

000000000000000000000000000000000000000000000000000000000

While Loop

CW/ CCW

M

v Y v

Build Array N limit enable
ENABLE : D'ZQIE Digital Outputs
g N data P}
............................ 7 TF
TF
In1 DIOS high limit bool
In2 DIO6
N 1 Enable DIO7|  cpH
> M i |Lred
> » e o
DAQ Assistant J_@ ' low limit bool
data Y
v ; : [
> FFL
Quadrature encoder.

DIOO, DIO2

Encoder Pulses since start
Pulses/rev = 90

high limit low Iimj o

Stop
lterations = E
ez 23] — fstor i
13

000000000000 00000000000000000000000000000D00000000000000000t
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This signal will be equal to a

logic B after the motor
has turned _

** Assume the default front

panel.

. After turning 2 revolutions the
“Encoder Pulses since start” will
equal

?

revolutions.
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