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22. LABORATORY GUIDE

* Thelaboratory work will help enforce the concepts presented in this and previous
COUrses.

* Various labs will require pre- or post-lab work.
* General rulesinclude:

- Unless specified, work isto be done individually.
- All written work isto be clear and accurate.

22.1Lab 1- Introduction to Resourcesand Tutorials

* These tutorials prepare you to use computer and other resources throughout the
semester.

22.1.1 Tutorial 1la- Creating Web Pages

* The general steps are:

1. Get acomputer account on ‘ claymore.engineer.gvsu.edu’ from Prof. Jack. This
account will have a prototype web page that you can edit.

2. Go to alaboratory (EC 616), or home computer and run ‘ Netscape Communica-
tor’. Go to ‘claymore.engineer.gvsu.edu’ and look for your account under * stu-
dents'. You should be able to find a page that starts with
‘YOUR_NAME_GOES HERE'.

3. In Netscape (with your home page showing), select ‘edit’ from the tool bar, or
under ‘file’ select ‘edit’ or ‘edit page’. You will be asked if you want to save the
page. Create a‘temp’ directory on the computer. This directory will be used to
temporarily hold your web page files. Make sure that the files will be saved in
the ‘temp’ directory, and then ‘save’ thefiles. An editor will start on the screen.

5. The editor behaves much like Microsoft Word, with some subtle differences. At
this point add your name, and change your email address to your river account.
You can change your email address by clicking on the email link, and then
clicking on the chain link near the top of the screen.

6. To upload the changes you have made to the website, select ‘ publish’. You will
need to indicate the file name as ‘index.html’, the destination as * ftp://clay-
more.engineer.gvsu.edu/home/Y OUR_NAME/public_html’. You will also
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need to enter your user name and your password (DO NOT SAVE THE PASS-
WORD - SOMEBODY ELSE CAN GET ACCESS TO YOUR ACCOUNT).
You should see a message that indicates files have been uploaded successfully.

7. Use Netscape, not the editor, to see if the changes have occurred. Your changes
may not show up on the browser. Thisis because Netscape does not reload
pages every timeto look at them. Pages are often stored for up to 1 month on
the PCs hard drive, and reused when you look at them. There are two ways to
update the screen before this time limit - click on the reload button.

8. Next we will add links to your home page. First, run Mathcad, and create asim-
plefile, and then saveit in the same folder/directory you saved. Use afile name
that isall lower case such as ‘test.mcd’ - any upper case letters cause problems
in Windows 95.

9. Get your home page back in the Netscape editor. Someplace type the word
‘GVSU’. Usethe mouseto select what you just typed, and then click on the link
button. For the link name enter * http://www.gvsu.edu’, and apply the change.
Thiswill now be alink to the Grand Valley home page. For your Mathcad file
type something like * Mathcad file', highlight it, and add alink to ‘test.mcd’.
Thislink will connect to your Mathcad file.

10. Publish thefile, but first add the Mathcad fileto thelist of filesat the bottom of
the screen.

11. Test the page.

» Sometipsare,

- Windows will not allow multiple applications to open the same file at the same
time. If you seem to be having trouble opening afile, make sureit isnot openin
another application.

- Asyou add other files to your homepage, put them in the ‘temp’ directory. This
will make all of the procedures smpler.

- Try to make your web pages small, and link them together. This will decrease
download time and make browsers happier.

- Avoid using excessive images. Anything over 10K will make it very slow down-
loading over modem. Anything over 100K makes modem downloading pain-
fully slow.

- When putting images on the web page use ‘jpg’ for photographic images, and
‘gif’ for lineimages. ‘jpg’ images can be compressed more than ‘gif’, but lines
will become blurred.

- To link to other files or web pages therewill bea‘link’ command. If you want to
add afilethat isin your ‘temp’ directory, just put the name of thefilein the
‘URL’ field.

- Watch upper/lower case. Thisisamajor cause of web page problems. It isbest to
keep to lower case for all file names.
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22.1.2 Tutorial 1b - Introduction to Mathcad, Working Model 2D and
The Internet

* Objective:

Working Model 2D, Mathcad and the Internet will be used in this course. In some
cases students have not been exposed to one or more of these software packages
in the past. This session will be used as a refresher for those with little prior
exposure, and as a tutorial for those with no experience.

* Theory:

Mathcad is a software package that allows us to do complex calculations both
numerically and symbolically. To learn it initially will require atime invest-
ment. But, when doing calculations | ater, it will save a significant amount of
time and reduce calculation errors.

Working Model 2D is a software package that allows usto set up systems of multi-
plerigid bodies. We can then apply forces, moments, etc. and then see how the
system dynamics are effected. In comparison, Mathcad will alow longer, pre-
cise calculations, whereas Working Model allows faster results with reduced
accuracy. Working Model also presentsavisual simulation - this allows a more
intuitive understanding of a dynamic system.

The Internet is a huge collection of computers providing information and connec-
tion on an unprecedented scale. It has become a standard business tool, and con-
tinues to evolve.

* Procedure

1. (If needed) Go over the Mathcad tutorial provided.

2. Use Mathcad to calculate the position of aball that has been held then rel eased
just above the surface of the earth, and add the file to your home page.

3. (If needed) Go over the Working Modél tutorial provided.

4. Repeat the problem solved in Mathcad with Working Model and add the file to
your home page.

5. (If needed) Get a computer account set up, and create a home page.

6. Go to a search engine and find awebsite for amajor business that is related to
your co-op position and add alink to it on your home page. Explain how the
businessisrelated to your co-op position.

* Post-lab:

None



page 549

* Submit;

1. A Mathcad file linked to your home page.
2. A Working Model file linked to your home page.
3. An explanation and a link to a company on your home page.

22.1.3 Presentation l1a - Introduction to Library Searches
* Objective:
To prepare students to use the libraries resources in typical research studies.
* Theory:

The essential purpose of engineering isto apply principles of the arts and sciences
to solve real problems. Scientific principles tend to evolve over time, but the
essential principles and written works are valid for a number of decades or cen-
turies. As aresult, books can be excellent resources for this knowledge. The
applications that make use of the basic principlestend to be more revolutionary.
As aresult, printed books have a value for teaching the fundamentals, but the
"state of the art” must often be found in magazines, journals, etc. To put thisin
simpler terms, when we look for scientific resources, we will often use sources
over adecade old. When using engineering resources, most will be less than
fiveyearsold. Until recently, print has been the major means of exchanging
information, and libraries have been the traditional repositories of printed mate-
rials. To deal with the extensive number of publications available in alibrary,
we need to learn how to search for needed information, and what resources are
available.

New technology has changed access to library materials. Libraries pool resources
and share materials. Internet technology has also helped increase accessibility.
In particular internet tools alow the entire library catalog to be examined with-
out visiting the library. There are also a number of resources that can be
searched and retrieved over the internet.

 Procedure

1. A presentation will be made by Mr. Lee Lebin, the University Library Director.
2. Use thelibrary resources to identify an application of systems modeling.

* Post-lab:
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1. Search for library resource.
* Submit:

1. A copy of the material referenced.

22.2 Lab 2 - Computer Based Data Collection

22.2.1 Prelab 2a - Tutorial for LabVIEW Programming
Objective:
To learn the basic use of LabVIEW.
Theory:

To obtain the greatest computing power and flexibility we need to write computer
programs. But, traditional programming languages are not well suited to
designing user interfaces and dealing with data flows.

Most computer programs are written with lines of program and compiled to exe-
cute. LabVIEW allows you to “write” programs using graphical symbols. This
graphical programming approach allows systems to be designed by connecting
the symbols with "wires' (i.e., lines).

Equipment:
PC with LabVIEW software
Procedure:

1. Go through the LabVIEW QuickStart Guide provided in the laboratory. This
will also be good review for those who have used LabVIEW in previous
COUrses.

2. Write a Labview program that will count from 1 to 100, square the values, and
print the results on a strip chart.

Marking:
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1. The VI created should be posted to the web.

22.2.2 Prelab 2b - Overview of Labview and the DAQ Cards

* To obtain the greatest computing power and flexibility we need to write computer
programs. But, traditional programming languages are not well suited to designing user
interfaces and dealing with data flows.

e LabVIEW allowsyou to “write’ programs using graphical symbols. This graphi-
cal programming approach alows systemsto be designed by connecting the symbolswith
"wires' (i.e., lines).

* The remainder of the labs will focus on using LabVIEW to write programsto
allow a computer to interact with the environment outside the computer.

» The computers we will use al have DAQ (Data AcQuisition) boards - National
Instruments PCI-1200 DAQ cards. These cards have capabilities that include:

24 1/0 bits- TTL 0,5VDC, 20mA max.

8 single ended or 4 double ended analog inputs - 12 bits
3 counters - 16 bits

2 analog outputs - 12 bits

* The connector for the card can be found on the back of the computer. It will have
a connector with pinouts like the one shown below. A ribbon cable will be used to make
electrical connection to the connector in the back of the computer.
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ACH1
ACH3
ACH5
ACH7

10 DACOOUT

2
4
6
8

PC7 [37]38] EXTTRIG

PA3 [17 | 18] PA4
EXTUPDATE [39| 40| EXTCONV

DGND [13] 14| PAO
PAl [15] 16] PA2
PA5 [19] 20| PA6
PA7 [21]22] PBO
PB1 [23] 24| PB2
PB3 [25] 26| PB4
PB5 [27] 28] PB6
PB7 [29] 30| PCO
PC1 [31] 32| PC2
PC3 [33] 34| PC4
PC5 [35] 36| PC6
+5V [49]50] DGND

ACH6 |7

ACH4 |5
AISENSE/AIGND |9

ACHO |1
ACH2 |3
AGND [11] 12| DAC1OUT

OUTB1 [41] 42| GATBO
OUTB2 [43] 44| GATB1
CLKB1 [457 46| OUTB2

GATB2 [47] 48] CLKB2

LEGEND:

Analog inputs - ACHXx

Analog input ground - AISENSE/AIGND

Analog outputs - DACXOUT

Analog output ground - AGND

Digital inputs and outputs - PAX, PBx, PCx

Digital input/output ground - DGND

Control handshaking - EXTTRIG, EXTUPDATE, EXTCONV
Counter inputs/outputs - OUTBx, GATBx, CLKBXx

[e]o]e]e[eo]ofofe]o]ofofo]ofo]e]o]ofofo]ofofo[o]ofofo]alolo]o]
[e]ofoleofofofe]ofofo]e]ofofe]ofofo]e]ofo]eofofo]e]ofole]o]

Looking at the connector

inl
pi (on the back of the computer)

NOTE: LABVIEW MANUALSARE AVAILABLE ON-LINE, AND CAN BE

FOUND ON THE COURSE HOME PAGE - LEAVE THE PAPER MANUALSIN THE
LAB.

22.2.3 Experiment 2 - Introduction to LabVIEW and the DAQ Cards

Objective:
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Learn to use computers equipped for A/D and digital inputs.
Theory:

The computer reads data at discrete pointsin time (like a strobe light). We can read
the datainto the computer and then do calculations with it.

To read the data into a computer we write programs, and use "canned" software to
help with the task. LabVIEW allows us to write programs for data collection,
but instead of typing instructions we draw function blocks and connect them.
How we connect them determines how the data (numbers) flow. The functions
are things like data reads and calculations.

In thislab we will be using Labview to connect to a data acquisition (DAQ) board
in the computer. Thiswill alow usto collect data from the world outside the
computer, and make changes to the world outside with outputs.

When interfacing to the card using a program such as L abview, there must be ways
to address or request information for a specific input or output (recall memory
addresses in EGR226). The first important piece of information is the board
number. There can be multiple DAQ boardsinstalled in the computer. In our
casethereisonly one, and it is designated device’1'. There are a'so many
inputs and outputs available on the card. For analog outputs there are two chan-
nels so we need to specify which one when using the output with O or 1. For
analog inputs there are 8 channels, and as before, we must specify which one
we plan to read from using O to 7. For digital 1/0 there are atotal of 24 pin dis-
tributed across 3 ports (1 byte each). Therefore when connecting inputs and out-
put we must specify the port (PA=0, PB=1, PC=2) and the channel from 0 to 7.
Noteis that we can make the ports inputs or outputs, but not mixed - in other
words we must pick whether a port will only be used for inputs or for outputs.

The voltage levelsfor theinputs and outputs are important, and you will need to be
aware of these. For the digital outputs they will only ever be OV or 5V. But the
analog inputs and outputs will vary from -5V to 5V. Thisis build into the board.
If we exceed these voltage limits by afew volts on the inputs, the boards have
built in protection and should be undamaged. If we exceed the input voltages
significantly, there isa potential to permanently damage the board.

Equipment:

PC with LabVIEW software and PCI-1200 DAQ card
Interface cable

PLC trainer boards

Signal generator

Digital multimeter

Procedure:
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1. Go through the LabVIEW QuickStart Guide provided in the laboratory. This
will aso be good review for those who have used LabVIEW in previous
COUrSes.

2. Enter the LabVIEW program (layout) schematically shown below and connect a
signal generator to the analog input (ACHO). (Note: thereis a pin diagram for
the connector in the Labview tutorial section.) Start the signal generator with a
low frequency sinusoidal wave. Use the ‘DAQ Configure' softwareto test the
circuitry and verify that your hardware is operational. Then run your Labview
program. Record the observations seen on the screen.

Front Panel Wiring Diagram
1
L|single
analog SGL
0 in 4
waveform chart /
/
/
/
> -
ACHO
+
signal
generator
com
AIGNDO——

2b. Use a stop watch to determine the average number of samples per second. Run
additional programs such as browsers, spreadsheets, etc. and see how this
affects the data col ection speed.

3. Connect the multimeter as shown below. Test the circuit using the ‘DAQ Con-
figure’ utility. Enter the LabVIEW program schematically illustrated below and
then run it. You should be able to control the output voltage from the screen
using the mouse. Record your observations.
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User Display Diagram
] |~ ——{DBL 1
b 0 T L ingl
single
. - out
input knob output meter | -
‘ — -
N - - -
DACOOUT
+
multimeter
com
AGND O———

4. Connect the digital input and output circuits to the DAQ card and use the test
panel to test the circuits. To do this, run the ‘DAQ Configure’ utility, double
click on the *PCI-1200, run the test panel window and ensure that the inputs
and outputs are working correctly. Create the LabVIEW screen schematically
illustrated below. This should allow you to scan an input switch and set an out-
put light. When done, quit the program and run your LabVIEW program.
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Front Panel _Diagram
~ e ~
Vs 1
L| single *
1 line T/F
toggle light/led [ L write 1
» 0 | [single
\ P 0 line
S — = ™ T/F T read
0
switch input LED output
+5V 2K
VAR N
PAO A
100K
DGND DGND ©
Marking:

1. A laboratory report should be written, including observations, and posted to the
web.

2. The programs (V1s) that use the DAQ card should be posted to the web.

22.3Lab 3-Sensorsand More Labview

22.3.1 Prelab 3 - Sensors
Theory:

Sensors allow us to convert physical phenomenon to measurable signals, normally
voltage or current. These tend to fall into one of two categories, discrete or con-
tinuous. Discrete sensorswill only switch on or off. Examples of these include,

Inductive Proximity Sensors - use magnetic fields to detect presence of
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metals
Capacitive Proximity Sensors - use capacitance to detect most objects
Optical Proximity Sensors - use light to detect presence
Contact Switches - require physical contact
Continuous sensors output values over arange. Examples of these are,
Potentiometers - provide a resistance proportional to an angle or displace-
ment
Ultrasonic range sensors - provides a voltage output proportional to dis-
tance
Strain Gauges - their resistance changes as they are stretched
Accelerometers - output a voltage proportional to acceleration
Thermocouples - output small voltages proportional to temperature
In both cases these sensors will have ranges of operation, maximum/minimum res-
olutions and sensitivities.

Prelab:

1. Prepare a Mathcad sheet to relate sensor outputs to the physical phenomenon
they are measuring.

22.3.2 Experiment 3 - M easurement of Sensor Properties
Objective:
To investigate popular industrial and laboratory sensors.
Procedure:

1. Sensorswill be set up in the laboratory at multiple stations. You and your team
should circulate to each station and collect results as needed. Instructions will
be provided at each station to clarify the setup. The stations might include,

- amass on aspring will be made to oscillate. The mass will be observe by
measuring position and accel eration.

- asignal generator with an oscilloscope to read voltages phenomenon
observe should include sampling rates and clipping.

2. Enter the datainto Mathcad and devel op a graph for each of the sensorsrelating
input and output.

Submit;
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1. A full laboratory report with graphs and mathematical functions for each sensor.

224 Lab 4 -Motors

* Thisset of labs will examine devices that have multiple phenomenon occurring.

22.4.1 Prelab 4a - Permanent Magnet DC Motors
* Theory:

DC motorswill apply atorque between the rotor and stator that is related to the
applied voltage or current. When avoltage is applied the torque will cause the
rotor to accelerate. For any voltage and load on the motor there will tend to be a
final angular velocity due to friction and drag in the motor. And, for agiven
voltage the ratio between steady-state torque and speed will be a straight line.

-y

) voltage/current increases

. » ©

The basic equivalent circuit model for the motor is shown below. We can develop
equations for this model. This model must also include the rotational inertia of
the rotor and any attached loads. On the |eft hand side is the resistance of the
motor and the’back emf’ dependent voltage source. On the right hand side the
inertia components are shown. The rotational inertia J1 is the motor rotor, and
the second inertiais an attached disk.
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+
Voltage

Supply Vim ;)6 ) )

Vs

Because a motor is basically wiresin amagnetic field, the electron flow (current) in
the wire will push against the magnetic field. And the torque (force) generated
will be proportional to the current.

T
T = Kl al = =
K
Next, consider the power in the motor,
P=V,=Tw=Klw OV, = Kw

Consider the dynamics of the rotating masses by summing moments.
S M =T=JME§Ew DTzJMEng

The model can now be considered as a complete system.

The current-voltage relationship for the left hand side of the equation can be writ-
ten and manipulated to relate voltage and angular velocity.

| = Vs_Vm
R
D—E _ VS—RK(A)
XXX XXXAdd friction to the model
do
WMEHE® v, —Kw
K R

2z
mdo, ., HKTH oK
Hige®t 95 /8 T Vs, )

Looking at this relationship we see abasic first-order differential equation. We can
measure motor properties using some basic measurements.

* Prelab:

1. Integrate the differential equation to find an explicit function of speed as a func-
tion of time.
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2. Develop aMathcad document that will accept values for time constant, supplied

voltage and steady-state speed and cal culate the coefficients in the differential
equation for the motor.

3. Inthe same Mathcad sheet add a cal cul ation that will accept the motor resistance
and calculate values for K and J.

4. Get the data sheets for an LM 675 from the web (www.national.com).

22.4.2 Experiment 4a - Modeling of a DC Motor
* Objective:

To investigate a permanent magnet DC motor with the intention of determining a
descriptive equation.

 Procedure

1. With the motor disconnected from all other parts of the circuit, measure the
resistance across the motor terminals.

2. Connect the motor amplifier, motor and computer as shown in the figure below.

D/A output amplifier motor
(Vo) (use an LM675
op-amp)
Computer

A/D input feedback signal

(Vi) - tachometer
(asmall DC
motor)

Note: The motor being tested is the large motor. The small motor will be driven
and act as agenerator. In this case we will refer to it as atachometer.

3. Write a Labview program that will output an analog voltage to drive the motor

amplifier. An analog input will be used to measure the motor speed from the
tachometer.
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4. Use a strobe light to find the relationship between the tachometer voltage and
the angular speed.

5. Obtain velocity curves for the motor with different voltage step functions.

6. Use afish scale and a lever arm to determine the torque when the motor is
stalled with an input voltage.

* Post-lab:

1. Determine the values of K for the motor. Determine the J for the rotor, and cal-
culate Jvalues for different load masses added.

2. Usethevalues of R, Jand K to compare theoretical to the actual motor response
curves found in procedure step #5.

3. Usethevalues of R, Jand K to determine what the stalled torque should bein
procedure step #6. Compare this to the actual.

4. Find the time constant of the unloaded motor.

* Submit;

1. All work and results.

22.5Lab 5 - Basic Control Systems

22.5.1 Prelab 6a - Servomotor Proportional Control Systems
Theory:

DC servomotors typically have afirst-order (velocity) response as found in the
previous lab.

2
do, Ko _ , OKO
0" “GR1 T VSR

We can develop a simple control technigue for control of the velocity using the
equation below. For thisform of control, we need to specify a desired velocity
(or position) by setting avalue'Vd' . The difference between the desired speed
and actual speed is calculated (Vd-Vi). Thiswill give avoltage difference
between the two values. This difference is multiplied by a constant 'K’. The
value of 'K’ will determine how the system responds.
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Vo = P(Vd-Vi)
where,

Vo = Voltage to motor amplifier to control speed
Vi = Voltage from tachometer to measure speed or position

Vd = Desired motor speed voltage (user input)
P = Controller gain

The basic controller is set up as shown in the figure below. We can use a Labview
program to implement the basic control equation described above.

R;S Output amplifier motor
Computer
A/D input feedback signal
(Vi) - tachometer
or
potentiometer

The system below shows the componentsin the laboratory. The power supply may
need to be constructed using two power supplies connected together. The ana-
log output from the computer must be amplified (the computer can only output
about 20mA maximum). The amplifier is constructed with an LM675 high cur-
rent op-amp. The amplifier drives the large DC motor, which in turn drives a
small DC motor being used as atachometer. The voltage from the tachometer is
input into the computer to determine the speed. A Labview program will sub-
tract the tachometer voltage from the desired tachometer voltage, multiply the
difference by a gain constant, and output the result to drive the motor.
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Amp

analog
Computer | output
with
Labview
analog
input
Prelab:

1. Develop a Mathcad document that will model the velocity feedback controller
given, motor parameters, desired velocity, an inertial load, and a gain constant.
Thisisto be solved two different ways i) with Runge-Kutta integration, ii) inte-
gration of differential equations.

2. Test the controller model using a step function.

st

SR

V+

CO

power
suppl
M pply

22.5.2 Experiment 5a - Servomotor Proportional Control Systems

Objective:

To investigate simple proportional servo motor control.

Procedure

1. Construct the equipment described in the

2. Apply astep function input and record the response.

3. For several values of proportional gain’P’, measure the response curves of the
motor to a step function.

Post-lab:
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1. Compare the theoretical and actual response curves on the same graphs.
2. Find and compare the time constants for experimental and theoretical results.

Submit:

1. All work and results.

22.6 Lab 6 - Basic System Components

22.6.1 Prelab 6a - M echanical Components
* Theory:

Recall that for arigid body we can sum forces. If the body is static (not moving),
these forces and moments are equal to zero. If there is motion/accel eration, we
use d’ Alembert’s equations for linear motion and rotation.

ZF:Ma

z M = Ja
If we have a system that is comprised of a spring connected to amass, it will oscil-
late. If the system also has a damper, it will tend to return to rest (static) as the
damper dissipates energy. Recall that springs ideally follow Hooke's law. We
can find the value of the spring constant by stretching the spring and measuring
the forces at different points or we can apply forces and measure the displace-
ments.
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F = KAX
AX = X—Xg
, Xo
-
X0 (undeflected)
F F
KS = 1 = 2 KS >|
Xi =Xy  Xo—=Xg F F

K  Fy F, .
F, F, OR _ _
XO = Xl_? = XZ_K_ F = KSX
s s AF = KAX
AF
1 - ar
S FZ_Fl
Ky = —=——
F,—F; X2 =X
Ky = —2—2
Xo—=X1

In many cases we will get springs and devices that are preloaded. Both of the
devices used in this lab have a preloaded spring. This means that when the
spring has no force applied and appears to be undeflected, it is already under
tension or compression, and we cannot use the unloaded length as the unde-
flected length. But, we can find the true undeflected length using the relation-
ships from before.

Fy F2

Xo = X1 —XzK

KS S

Next, recall that the resistance force of a damper is proportional to velocity. Con-
sider that when velocity is zero, the force is zero. Asthe speed increases, so
does the force. We can measure this using the approximate derivatives as
before.

F = Kdgix - ‘ Ky ‘ -

A oxqy 1 -
- d[] AT N |

K. = FAT - >
d 7 x(t+AT) —x(t) AX

Now, consider the basic mass-spring combinations. If the applied forces are static,
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the mass and spring will remain still, but if some unbalanced forceis applied,
they will oscillate.

a0 Y
2
MEH ¥+ Ky = Mg
Ya(t) = Clcosa/%ucg
t) = A
Yp(1) y
0y, = 0 |
|'_
2 * g
Lyt = 0
M(0) + K(A) = -Mg A = Mg

K

S

K —Mg
y(t) = yp(t) +yp(t) = Clcosg\/%st+Cq%+ K

S
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Assume we start the mass at rest at the equilibrium height.

K _
-0 = 00s 0, -Mg
y(0) = 0 = Clcosa/;(O) +C2I]+ K

S

0c., = —Md
1 Kqeos(Cy)

y'(0) = 0 = Clj%gn%j%(O) +CH

0c, =

y(t) = mCOSJ%+

The natural frequency isfound by completing one time period,

K K
2711 _ST = /\/:Sl'
M M f

Of = 2= |=3

In the lab an ultrasonic sensor will be used to measure the distances to the compo-
nents as they move. The sensor used is an Allen Bradley 873C Ultrasonic Proximity Sen-
sor. It emits sound pulses at 200KHz and waits for the echo from an object that is 30 to
100cm from it. It outputs an analog voltage that is proportional to distance. This sensor
requires a18-30 VDC supply to operate. The positive supply voltage is connected to the
Brown wire, and the common is connected to the blue wire. The analog voltage output (for
distance) is the black wire. The black wire and common can be connected to a computer
with a DAQ card to read and record voltages. The sound from the sensor travels outwards
in an 8 degree cone. A solid target will give the best reflection.

* Prelab:

1. Review the theory section.

2. Extend the theory by finding the response for a mass-spring, mass-damper, and
mass-spring-damper system (assume values).

3. Set up aMathcad sheet for the [aboratory steps.
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22.6.2 Experiment 6a - M echanical Components
* Objective:

Thislab will explore asimple translational system consisting of a spring mass and
damper using instrumentation and L abview.

 Procedure

1. Use two masses to find the spring constant or stiffness of the spring. Use a mea-
surement with athird mass to verify. If the spring is pretensioned determined
the "undeformed length’.

2. Hang a mass from the spring and determine the frequency of oscillation. Deter-
mine if the release height changes the frequency. Hint: count the cycles over a
period of time.

3. Connect the computer to the ultrasonic sensor (an Allen Bradley Bulletin 873C
Ultrasonic Range Sensor, see www.ab.com), and calibrate the voltages to the
position of the target (DO NOT FORGET TO DO THIS). Write aLabview pro-
gram to read the voltage values and save them to adatafile. In the program set
atime step for the voltage readings, or measure the rel ationship between the
reading number and actual time for later calculation.

4. Attach a mass to the damper only and use Labview to collect position as a func-
tion of time as the mass drops. This can be used to find the damping coefficient.

5. Place the spring inside the damper and secure the damper. Thiswill now be used
as acombined spring damper. In this arrangement the spring will be precom-
pressed. Make sure you know how much the spring has been compressed when
the damper isin neutral position.

6. Use the spring-damper cylinder with an attached mass and measure the position
of the mass as a function of time.

7. Use Working Model 2D to model the spring, damper and spring-damper
responses.

* Post-lab:

1. Determine if the frequency of oscillation measured matches theory.
2. Compare the Labview datato the theoretical datafor steps 2, 4 and 6.
3. Compare the Labview data to the working model simulations.

* Submit:

1. All results and calculations posted to a web page as a laboratory report.
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22.7 Lab 7 - Oscillating Systems

* Many systems undergo periodic motion. For example, the pendulum of a clock.

22.7.1 Prelab 7a - Oscillating Systems
* Theory:

Suppose alarge symmetric rotating mass has a rotational inertia J, and atwisting
rod has atorsional spring coefficient K. Recall the basic torsional relationships.

ZT T = Ja Jwﬂje

T = KA® = K(B—8y)

We can calculate the torsional spring coefficient using the basic mechanics of
materials

_ JG8

T=7

Finally, consider the rotating mass on the end of atorsional rod.

e
)
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1. Calculate the equation for the natural frequency for arotating mass with ator-
sional spring.
2. Set up a Mathcad sheet that will
- accept material properties and a diameter of around shaft and determine
the spring coefficient.
- accept geometry for arectangular mass and cal cul ate the polar moment of
inertia.
- use the spring coefficient and polar moment of inertia to estimate the nat-
ural frequency.
- use previous values to estimate the oscillations using Runge-K utta.
- plot the function derived using the homogeneous and particular solutions.

22.7.2 Experiment 7a - Oscillation of a Torsional Spring
* Objective:
To study torsional oscillation using Labview and computer data collection.
* Procedure

1. Calibrate the potentiometer so that the relationship between and output voltage
and angle is known. Plot this on agraph and verify that it is linear before con-
necting it to the mass.

2. Set up the apparatus and connect the potentiometer to the mass. Apply astatic
torque and measure the deflected position.

3. Apply atorque to offset the mass, and release it so that it oscillates. Estimate the
natural frequency by counting cycles over along period of time.

4. Set up LabVIEW to measure the angular position of the large mass. The angular
position of the mass will be measured with a potentiometer.

* Post-lab:
1. Compare the theoretical and experimental values.
* Submit:

1. All work and observations.
2. Post the laboratory report to aweb page.
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22.8 Lab 8 - Servo Control Systems

22.8.1 Prelab 5a - Research
* Theory:

This lab explores the use of advanced servo control systems. In particular Allen
Bradley 5000 drives will be used. These drives are programmed using C. The drives can
be interfaced to digital and analog 10, as well a handle serial commonucations.

* Prelab:

1. Visit the Allen Bradley web site (www.ab.com) and review the manuals for the
Ultra5000 drives. In particular look at the installation manuals and program-
ming manuals.

2. If necessary, review the principles of programming in C. Please note that the
programming guide for the Ultra5000 drive contains a brief review of C pro-
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gramming practices.

22.8.2 Experiment 5a - Tutorial and programming
* Objective:
To be able to develop programs for an AB Ultra5000 servo control system.
* Procedure

1. Follow the tutorial for the ULTRAS5000 drives.

2. Develop aprogram that will use avoltage input (AIN1) from a potentiometer to
position the drive. The drive will use forward and reverse limit switches on
INPUT1 and INPUT2. When these switches are off the drive will be permitted
to move in the given direction. INPUT3 should be used to stop the motor at any
time, and stop the program. Ask the instructor to verify this program before
continuing to the next stage.

3. Connect the servo drive to alinear dide. Attach two proximity sensors afew
inches from each end of the slide to limit the stage motion. Use the’Move’
function of the driveto verify that the forward and reverse limit switches are on
the proper ends.

4. Verify that your program can be used to control the position of the slide using a
potentiometer.

* Submit;

1. A lab report including the fully commented C program for the drive.

229 TUTORIAL - ULTRA 5000 DRIVESAND MOTORS

1. (If not installed, install the Ultraware software, version 1.1.) Connect the
ULTRA 5000 drive to the serial port, set the driveto’01’ on the front of the
drive, and then apply power.

2. Run the’Motor Configuration’ program and open the’Motors' file. Select the
correct motor type and then select 'New Rotary....". Notice the motor parame-
ters. Close the program.

3. Runthe’Ultraware' software. Select ' Create new file....” and give it aunique
name such as’lab.udb’ (Note: you should put thisfile on afloppy disk, or zip
disk so that you may use it again later.). It will scan the available drivesto
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locate the drive. When done, a’ 5K Drive’ should appear under ' On-line drives .

4. Right click on the’%KDrive and select properties. For the ' Drive Type' select
the correct version indicated on the Ultra 5000 drive. Use’ Setup’ to update the
drive parameters, then close the window.

5. Under the’5KDrive’ select ’Motor’ and then select the motor type. Then select
'Setup’ to update the motor parameters. Notice the values and units. Close the
window.

6. Turn the motor shaft by hand, it should turn easily. Enable the motor with * Com-
mands’ 'Enabled’ on the tool bar. The motor should now be controlled, and the
shaft hard to turn.

7. For the motor select ’Motion’ then *Jog’. In the window set the values below.
After this hold the shaft and hit ’ Jog forward’ then’Jog reverse’ then’ Stop’.
Notice how the values at the bottom of the screen change.

Program Vel ocity 100,000
Program Acceleration 100,000
Program Deceleration 100,000

8. Now select "Motion’ then "Move' and set the values below. When done, click
'Start’ to cause the motion. Change the value in ’ Profile Distance’ and click
'Start’ again.

Profile Distance 40,000
Velocity 20,000
Acceleration 20,000
Deceleration 20,000

9. Create a project with ' Insert’ then ' Project’. Click on the ' Project’ that was cre-
ated on the tree, then ’ Insert Source File'. Type in the following file, and then
click 'Build’. If there are any errors fix them before continuing to the next step.
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#include <motion.h>

int main(void){
InitMotionLibrary(); // Start the motor control functions

AxisEnable(); // Enable control of the motor
MoveSetAcc(2000); // Set the maximum accelerations and velocity
MoveSetVel (1000);

MoveSetDec(2000);

MoveDistance(10000);// Move in the positive direction
while(MovelnProgress()){ } ;// Wait until the move is complete
Sleep(1000); // Pause for 1 second
MoveDistance(-10000);// Move in the negative direction

while(MovelnProgress()){} :
Sleep(1000);

AxisDisable&(); /I Release the motor drive control

return 1;

10. Drag the new file’ Project.exe’ to the’ Programs' under the’5KDrive'. Hold
the shaft of the motor and right click on the new file just dropped and click
"Run’. The motor shaft should move forward, pause for 1 second, reverse, then
stop.

11. Enter the following program and observe the results. It should behave the same
as the previous program, but it has more structure. When devel oping control
applicationsit isimportant to structure the programs so that they are easier to
write and debug.
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#include <motion.h>

void setup(){
InitMotionLibrary();
AxisEnable();
MoveSetAcc(2000);
MoveSetVel (1000);
MoveSetDec(2000);

}

void shutdown(){
AxisDisable();

}

void jog(int distance){
MoveDistance(distance);
while(MovelnProgress()){};
}

int main(void){
setup();

j0g(10000);

Sleep(1000);
jog(-10000);
Sleep(1000);

shutdown();
return 1;

}

12. Digital inputs and outputs for the drive are located on the upper connector,
CN1A. The pin out for this connector is given below. Wires can be connected
by pushing athin slot screwdriver into the slot to release the pressure clamp,
and then inserting the wire. The nominal voltagesto activate an input are
between 12V and 24V - do not exceed the maximum voltage as this may dam-
agethedrive.
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Connector Pin Function
CN1A
1 INPUT 1 - Digital input 1
2 INPUT 2 - Digital input 2
3 INPUT 3 - Digital input 3
4 INPUT 4 - Digital input 4
5 INPUT 5 - Digital input 5
6 INPUT 6 - Digital input 6
7 INPUT 7 - Digital input 7
8 INPUT 8 - Digital input 8
9 OUTPUT 1 - Digital output 1
10 OUTPUT 2 - Digita output 2
11 OUTPUT 3 - Digita output 3
12 OUTPUT 4 - Digita output 4
13 SHIELD - for shielded cable termination
14 IOPWR - V+ from externa supply power for the IO
15 INPUT 9 - Digital input 9
16 INPUT 10 - Digital input 10
17 INPUT 11 - Digital input 11
18 INPUT 12 - Digital input 12
19 INPUT 13 - Digital input 13
20 INPUT 14 - Digital input 14
21 INPUT 16 - Digital input 15
22 INPUT 16 - Digital input 16
23 OUTPUT 5 - Digital output 5
24 OUTPUT 6 - Digita output 6
25 OUTPUT 7 - Digita output 7
26 OUTPUT 8+ - Relay output 8
27 OUTPUT 8- - Relay output 8
28 IOCOM - common from external 10O power supply

13. Connect an external power supply to the digital IO and connect a proximity
sensor to input 1, as shown in the diagram below. Verify that the sensor is con-
nected properly using the Ultraware software. Also connect a multimeter to
OUTPUT1 to read the output voltage.
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|OPWR VA
power
supply
|OCOM V-
Ultra 5000
drive
V+ (brown)
V- (blue) sensor
INPUT1
out (black)

14. Enter the program below and determine what the program does.
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#include <motion.h>

void setup(){
InitMotionLibrary();
AxisEnable();
MoveSetAcc(2000);
MoveSetVel (1000);
MoveSetDec(2000);

}

void shutdown(){
AxisDisable();

}

void jog(int distance){
MoveDistance(distance);
while(MovelnProgress()){};
}

int main(void){
int count = 0,
state last = OFF,
state_now;
setup();

while(count < 10){

state_now = InputGetState(1); // get the state of INPUT1
if( (state_now == ON) && (state last == OFF) ){

jog(1000);
count-++;

}
state |ast = state_now;

OutputSetState(1, state_now);// set OUTPUTL1 to the INPUT1 value

}

shutdown();
return 1;

15. Analog outputs (and connections for additional encoders) are available on con-
nector CN1B. Connect a variable power supply to act as an analog input across
AIN1 and +5VCOM (WARNING: TURN THE POWER SUPPLY OFF AND
SET THE VOLTAGE AT THE MINIMUM BEFORE TURNING THE SUP-
PLY BACK ON). Connect a multimeter across AOUT1 and +5VCOM to read
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an analog output voltage. Verify the connection using the Ultraware software.

)
S

Connector Function

CN1B

+5V - internal power supply

AX+ Encoder input/output A+

AX- Encoder input/output A-

BX+ Encoder input/output B+

BX- Encoder input/output B-

I X+ Encoder input/output 1+

I X- Encoder input/output |-

+5VCOM internal power supply common
AIN1 - analog input 1

10 AIN2 - analog input 2

11 +5VCOM internal power supply common
12 AOUTL1 - analog output 1

13 AOUT2 - analog output 2

14 SHIELD - termination point for shielded cables

Coo~NOoOULh,WDNEF

16. Enter the program below and determine what it does.
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#include <motion.h>

void setup(){
InitMotionLibrary();
AxisEnable();
MoveSetAcc(2000);
MoveSetVel (1000);
MoveSetDec(2000);

}

void shutdown(){
AxisDisable();

}

void locate(int position){
MovePosition(position);
while(MovelnProgress()){};
}

int main(void){
float a.in;
int new_location;
setup();

while(1 == 1){ /l'loop forever
a in = AnaloglnputGetVoltage(1);// Get the voltage in from AIN1
new_location =a_in* 1000;
locate(new_location);
Ana ogOutputSetVoltage(1, a in/2.0); // output half the input voltage
}

shutdown();
return 1;
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22.10Lab 9 - Filters

22.10.1 Prelab 9 - Filtering of Audio Signals
Theory:

We can build simple filters using op-amps, and off the shelf components such as
resistors and capacitors. The figure below shows a band pass filter. Thisfilter
will pass frequencies near a central frequency determined by the resistor and
capacitor values. By changing the values we can change the overall gain of the
amplifier, or the tuned frequency.
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The equations for thisfilter can be derived with the node voltage method, and the
final transfer function is shown below.

Vo _ gD DC,R,R, O
v.  OR 0= 2 N
i 1-01 + DC,R, + DC,R, + D°C;C,R, RS0

As dictated by the ear, audio signals have frequencies that are between 10Hz and
16KHz asillustrated in the graph below. This graph shows perceived sound
level, with the units of *phons’. For example, we can follow the 100 phons
curve (thiswould be like aloud concert or very noisy factory requiring ear pro-
tection). At much lower and higher frequencies there would have to be more
sound pressure for usto perceive the same loudness, or phon value. If the sound
were at 50Hz and 113 dB it would sound as loud as 100dB sound at 1KHz.



Sound Pressure Level (dB)
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You may appreciate that these curves are similar to transfer functions, but they are
non-linear. For thislab it isimportant to know how the ear works because you
will be using your ear as one of the experimental devices today.

Prelab:

1. Derive the transfer function given in the theory section.
2. Draw the Bode plot for the circuit given R1=R2=10000hms and C1=C2=0.1uF.
You are best advised to use Mathcad to do this.
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22.10.2 Experiment 9 - Filtering of Audio Signals
Objective:
To build and test afilter for an audio system.
Procedure:

1. Set up the circuit shown in the theory section. Connect a small speaker to the
output of the amplifier.

2. Apply asinusoidal input from a variable frequency source. Use an oscilloscope
to compare the amplitudes and the phase difference. Also record the relative
volumes you notice.

3. Supply an audio signal, from aradio, CD player, etc. Record your observations
about the sound.

Submit;

1. Bode plots for both theory and actual grain and phase angle.
2. A discussion of the sound levels you perceived.
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22.11 Lab 10 - Stepper Motors

22.11.1 Prelab 10 - Stepper Motors
Theory:

Stepper motors move to positions, steps, but don’t rotate continuously. To achieve
continuous rotation the motor is moved, or stepped, continuosly in one direc-
tion. A full rotation of the motor is often divided into 200 steps (of 1.8 degrees
each), although other resolutions are common. The motors we will usein the
lab have 400 steps per revolution. When rotating the motor it can be stepped in
the clockwise (CW) or counterclockwise (CCW) direction.

The equipment to be used in the lab is comprised of a stepper motor, adrive unit, a
motion controller (indexer), and a computer running terminal software for pro-
gramming. The motor is connected to the drive unit which will power the coils
and step in the positive or negative directions, as indicated by pulses from the
motion controller. The motion controller will accept motion commands, or run
programs which generate the overall motion. The motion controller commands
the motor drive to move by sending it pulses. The motor controller varies the
period of the pulses. When motion is starting or ending alonger period corre-
spondsto a slower angular velocity. At the midpoint of motion the pulse period
isthe shortest, at the maximum velocity.

The motion is normally described with a velocity profile. This can be given by
defining the maximim accel eration/decel eration and maximum velocity. An
alternative way to define these limitsisto provide an acceleration and decelera-
tion time, with atotal motion time.
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Figure427  Velocity curves for motor control

Prelab:

1. In the textbook review the sections on stepper motors and motion control. Make

sure you are familiar with the basic operation of a stepper motor and the struc-
ture of avelocity profile.

2. Review the manuals for the stepper motor on the course home page on clay-
more.

22.11.2 Experiment 9 - Stepper Motors
Objective:
To develop a stepper motor control program.
Procedure:

1. Follow the attached tutorial
2. Develop aprogram to accept an input to the motion controller and then move the
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motor to different positions.

Submit:

1. The questions answered during the tutorial.
2. The program developed (with comments).

22.12 TUTORIAL - STEPPER MOTOR CONTROLLERS (by A. Blauch and

H. Jack)

1. Examine the manuals for the stepper motor and controller.

2. Obtain and examine the stepper motor equipment. There are three main compo-
nents. stepper motor, drive unit, and indexer. |dentify each unit. Verify the com-
ponents are connected together properly based on the diagram shown below.
Note that the drive unit obtains power from an AC source (outlet) while the
indexer receives power from a DC source (power supply). Once al of the con-
nections have been verified, apply power to the system. If set up properly, the
power LEDs on the drive unit and indexer will turn on and the stepper motor
will have holding torque (the shaft won’t turn freely).

personal RS-232
computer serial cable scesoo - cw/pls plow UMK 2 phase
with_ motor 2112A stepper
terminal c_ontrol ler drive motor
software (indexer)  cowydir d/ccw  unit

10-24V 115Vac

power

supply

Figure428  The stepper motor control system components

3. Theindexer communicates with the PC viatext transfers across a serial port.

Connect a serial cable from the indexer to the COM port on the back of the PC.
On the PC, run HyperTerminal (located under Pr ogr ans- >Accessori es-
>Communi cat i ons) or any other terminal emulation program. Set it to go
"Direct to Com 1". Check to make sure the communication parameters are set
to 9600 baud, 8 data bits, 1 stop bit, no parity, and no flow control/handshaking.
Once connected the prompt 0> will appear on the screen. If nothing appears,
press enter severa times. Cycling power on the indexer will cause a reset ban-
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ner to appear. To display al of the available indexer commands, type HELP.

4. The indexer commands of interest are the ones used to generate and execute dif-
ferent velocity profiles. The list below highlights the commands used in this

lab. Typing HELP2, HELP3, HELP4, etc...

will display amore

detailed lists of these and other profiling commands

Command Description

H<+/-> Setsthe direction of motion

T<XX.XX> Sets the accel eration/decel eration time in seconds
V SKXXXXX> Sets the starting velocity in pulses per second

V <XXXXX> Sets the run velocity in pulses per second
D<XXXXX> Sets the distance in pulses for the MI command
MC Starts continuous motion

Ml Startsincremental motion

R Displays the status of system parameters
RESET Resets the system

S Controlled stop of current motion

STOP Immediate stop of current motion

5. To see what the current velocity profile parameters are, type the parameter name
followed immediately by aquestion mark (i.e. T? will display the current accel-
eration/decel eration time).

6. Typein the following series of commands. Observe how the stepper motor
responds and how the response relates to the parameter values entered.

VSO
V2000
T0.5
D10000
Ml

7. Change the acceleration and decelleration times to be longer and shorter and
observe the effects using the values below. As part of your observations, hold
the shaft while the motion isin progress.

acc/dec vel distance
0.01 20000 50000
0.5 10 100
0.01 2000 6000
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8. Generate and execute a velocity profile that will cause the motor to rotate at one
revolution/second using the continuous motion command. Based on the run
velocity parameter value, determine what angle one pulse (step) correspondsto.
Compare your number to the resolution value on the stepper motor label.

9. Set the accel eration/decel eration parameter to several seconds. Using the run
velocity parameter and the continuous motion command, make the stepper
motor rotate at various velocities. Determine the maximum speed of rotation for
the stepper motor (i.e. at what point does the motor lose synchronization with
the input pulses).

10. Decrease the run velocity to about one half the maximum speed determined
previously. Using the acceleration/decel eration parameter and the continuous
motion command, make the stepper motor accelerate at various rates. Deter-
mine the maximum acceleration for the stepper motor (i.e. at what point does
the motor lose synchronization with the input pulses). Make a note of any
strange phenomena that may occur.

11. Determine the parameter values for avelocity profile with an acceleration of

18000 rpm?, maximum velocity of 600 rpm, and atotal run time of 10 seconds.
Generate, execute, and verify the profile. For this profile you will need to use
the incremental motion command.

12. Based on your experiencesin lab with motors, discuss some advantages and
disadvantages of using a stepper motor compared to a DC motor. Some issues
to think about are torque, position control, velocity control, and interface.

13. Enter a program with the following commands. Notice that the editor has com-
mandsto alter 'Ax’ line’x’, delete’ DX’ line’x’ or insert’Ix’ aline’x’. Each
program will be assigned a number between 0 and 49. The program can be run
with’RUN TEST".

EDIT TEST
PCO

TAO.5
TDO.5
VS2000
D6000

Ml

Q

NOTE: After this point you should use the manual for a source of examples.

14. You can see alist of programsin the memory using 'LIST’. Programs can be
deleted with’DELETE'.
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15. The motion controller has alimited set of variables available for user pro-
grams. Unlike normal programming variables, there are afixed set availabe, as
indicated below. The integers values are all 4 bytes and can range in value
between +/-2,147,483,647. Write a simple program that sets a general variable
value.

W, X, Y, Z - genera purpose integer

V- velocity

VS-

LOOP -

D - distance

INX - input bit "X’

PC - position counter, the current motor position in steps

16. Outputs can be set using the’ OUTx’ command, where’x’ is the output bit
number. Connect a voltage supply to the inputs and a multimeter to the outputs
and create a program to read an input and set an output as shown below. Refer
to the manual for pinouts and electrical specifications.

17. Logical operations can be performed using 'IF and'WHILE' statements. The
operationscan include=, !=, <, <=, >, >=. Theif statements can include’ ELSE’
conditions and should terminate with ’ENDIF statements. The while loops
must end with’ ENDW’ statements. The equivalent to afor-loop isthe ' LOOP
X' statement. It will loop the code’x’ timesto the’ ENDL’ statement. Write a
simple program that will loop until an input becomes true.

18. It is possible to branch within a program using *JMP'. To jump to another pro-
gram (subroutine) the’ IMP_SEQ’ command can be used, the program can then
return using the’RET’ command. Write a program that has a subroutine.
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22.13 Lab 11 - Variable Frequency Drives

22.13.1 Prelab 11 - Variable Frequency Drives

Theory: AC induction motors are designed with motor winding on the stator (out-
side) of the motor. The AC current in the stator coils sets up an aternating magnetic field.
Thisfield induces currents in the conductors (squirrel cage) in the rotor. This current cre-
ates amagnetic field that opposes the field from the stator. Asaresult atorque is created.
In actuality the rotor must rotate somewhat slower than the field changes in the stator, this
differenceis caled dip. For example a 3 phase motor (with two poles) that has a 60Hz
power applied will with absolutly no rotational resistance rotate at 60 times per second.
But in use it might rotate at 58 or 59Hz. Asthe number of polesin the motor rises, the
speed of rotation decreases. For example a motor with four poles would rotate at half the
speed of atwo pole motor. The speed of the motor can be controlled by changing the fre-
guency of the AC power supplied to the motor.The motor that we will useinthelabisa3
phase AC motor made by Marathon Electric. It isa Black Max model number
8VF56H17T2001. The motor drives are Allen Bradley model 160 and 161 motor drives.

Prelab:

1. Visit the Marathon Electric and Allen Bradley web sites and review the manuals
for the motor and controllers. Don’t print these, but make a not of the web
address so that you can find the manuals easily during the lab.

22.13.2 Experiment 11 - Variable Frequency Drives

Objective: To learn the basic operation of Varaible Frequency Drives (VFD) and
motors.

Procedure:

1. Follow the attached tutorial. (and make notes and observations.)

2. Connect the 3 phase motor to atachometer for avelocity feedback. Using the
manual determine how to change the PID parameters. Run a number of tests to
see what it does.

3. Determine how to use an analog input to control the speed. Set it up and find the
relationship between the input voltage and the motor speed.

4. Replace the 161 controller with the 160 controller, and determine how this con-
troller operates.
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22.14 TUTORIAL - ALLEN BRADLEY 161 VARIABLE FREQUENCY
DRIVES

1. The motor should be connected the the drive as shown in the figure below. The
three phase power linesare T1, T2 and T3. These can be connected to the drive
by loosening the screw on the front face of the drive. (WARNING: make sure
the power is off before opening the drive, and relseal the drive when done) The
two other lines P1 and P2 from the drive are for athermal overload relay, we
will not use these. For general caution the ends of the wires should be covered
with electrical tape to prevent accidental contact with other conductors. The
wire from P24 (a 24V power source) and input 3 are for an emergency stop and
must be connected for the drive to work. These terminals can be found under a
flip up panel on the bottom front of the drive that can be opened by pulling on
the right side of the face.

AB 161 o
115Vac drive 4 op
/ L1 3
N N T1
GND
oreen T2
T3

2. Notice the display and lights on the front face of the drive. When a program is
running the’ RUN’ light is on. The program can be started using the green’ 1’
button, and stopped with thered 'O button.

3. Program the unit using the buttons on the front panel, following the steps below
(from page 17 in the manual). After the steps have been followed press the run
button and turn the potentiometer to vary the speed. Try holding the shaft (cover
the shaft to avoid cuts) at high and low speeds. What do you notice at very low

Speeds?
button(s) result | description
sel do1 move the the parameter number, from frequency
up or down | A-- moveto the’ A’ parameters
sel A0l select the’ A’ parameter group (use up or down if not A0L)
up or down | 00 select the velocity input source
sel 01 display the current setting
up or down | 00 select the potentiometer (on the controller) as the input
enter A0l accept the new value
up or down | A02 move the the start button selector
sel 01 move to parameter
up or down | 02 select the value for start to the ’run’ button
enter AQ02 accept the value

4. Connect a proximity to the controller as shown in the diagram below. Display
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the input values using ' DO5’.The bits on the screen should move up for an
active input, and down for an inactive input. Input 3 will always be active
because it is being used for the emergency stop (afactory default).

) BRN
drive P24 V+ sensor
BLK .
1 signal
BLU
L V-

5. Various display parameters are listed below. Try these to see what information
they show.
D02 - display the motor current (try holding the shaft while turning slowly)
DO1 - display the frequency of rotation
D03 - the direction of rotation
D04 - PID parameters (when in use)
DO5 - input status
D06 - output status
D16 - total drive run timein 10 hour blocks
6. Function parameters can be set with the’F locations. Change the acceleration
and decelleration timesto 1 second using the 'F02' and ' FO3' locations.
7. Restore the controller to the factory defaults using the sequence below from

page 16 of the manual.
button(s) result description
up or down b-- moveto the’ B’ parameter groups
Sel b01 enter the
up or down b84 move to the reset function
sel 01 select the function, make sure the valueis’ 01’
Sel b84 select the value
sel+up+down+0| b84 hold down the keys for 3 seconds
sel+up+down 00then 0.0 | releasethe’O’ key and continue to hold the others until
the display blinks.
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22.15TUTORIAL - ULTRA 100 DRIVESAND MOTORS

1. Obtain the motor and controller sets. This should include a brushless servo
motor (Y-1003-2H), an Ultra 100 Controller and miscellaneous cables. The
cables are described below. Locate and verify they are connected asindicated in
the sequence given below.

a) The motor is connected to the controller with two cables, one for the
power to drive the motor, and the other afeedback from the encoder. The
encoder is used to measure the position and velocity of the motor. If not
connected already, connect these to the motor controller.

b) The controller should also have a serial cable for connecting to a PC
serial port. Connect thisto a PC.

) A breakout board is provided with that will connect to the motor control-
ler through a ribbon cable to J1. The pin mapping from the motor con-
troller to the terminal numbers on the motor controller are given below.

controller pin breakout pin controller pin breakout pin
1 9 26 50
2 25 27 17
3 41 28 33
4 8 29 49
5 24 30 16
6 40 31 32
7 7 32 48
8 23 33 15
9 39 34 31
10 6 35 47
11 22 36 14
12 38 37 30
13 5 38 46
14 21 39 13
15 37 40 29
16 4 41 45
17 20 42 12
18 36 43 28
19 3 44 44
20 19 45 11
21 35 46 27
22 2 47 43
23 18 48 10
24 34 49 26
25 1 50 42

d) A power cord to be connected to a normal 120Vac power source. DO
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NOT CONNECT THISYET.

2. The controller needs to be connected as shown below. In this case it will require
that the breakout board be connected to the motor controller by aribbon cable.
Note: the pins on the breakout board don’t have the same numbers as on the
motor controller. Connect the wires as shown below but do not turn on the

devices yet.
breakout board connector
Power Supply  + on Ultra
18-24v drive
- 24 ¢ — | 5
Nt — — — | — — — — 6
Variable + P 2 -+ — — — |- — — — - 22
Power Supply L
-10V to 10V - 8 e — — — | — — — 23
Ky e 31
Oscilloscope A 33 4 — — — —|— — — — 1 28
com
0 e e 26
B
com 19 ¢ — — — —|— = = 77 20

3. Plug in the power cord for the Ultra 100 drive and look for alight on the front to
indicate that it is working. WARNING: The motor might begin to turn after the
next step --> Turn on the power supplies and the oscill oscope.

4. Run the’ Ultramaster’ software on the PC. When prompted select 'drive 0'. At
this point the software should find the drive and automatically load the control-
ler parameters from the controller. When it is done a setup window will appear.

5. Inthe "drive setup" window ensure the following settings are made. When done
close the setup window.

Motor Model: Y-1003-2-H - thisis needed so that the proper electrical and
mechanical properties of the motor will be used in the control of the
motor (including rotor inertia).

Operation Mode Override: Analog Velocity Input - Thiswill alow the
voltage input (C+ and C-) to control motor velocity.

6. Select the 10O Configuration” window and make the following settings.

Analog Output 1: Velocity - Motor Feedback - this will make the analog
voltage output from the controller (R+ and R-) indicate the velocity of
the motor, as measured by the encoder.

Scale: 500 RPM/VOLT - thiswill set the output voltage so that every
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500RPM will produce an increase of 1V.

7. Open the "Oscilloscope" on the computer screen and make the following set-
tings. When done position the oscilloscope to the side of the window so that it
can be seen later.

Channel A: Velocity - command
Channel B: Velocity - motor feedback
Time Base: 12.5ms

8. Open the control panel and change the speed with the slider, or by typing it in.
Observe the corresponding changes on the oscilloscope on the screen, and the
actual oscilloscope. Notice that the velocity change follows aramp. The slope
of the ramp isafunction of the maximum acceleration.

9. Hold the motor shaft whileit isturning slowly and notice the response on the
oscilloscopes.

10. Open the tuning window and changethe’ I’ value to 0. Change the motor speed
again and notice the final error. It should be larger than in previous trials.

11. Leavethe’l’ value at 'O’ and change the’ P’ value to 50 and then change the
speed again. Thistimethe error should be larger, and the response to the change
should be slower. Hold the shaft again, it should be easier to stop.

12. Try other motor parameters and see how the motor behaves. Note that very
small or large values of the parameters may lead to controller faults - if this
occurs set morereasonable’ P or ’I’ values and then reset the fault.

13. Notice that the left hand side of the tuning window has an autotune function.
Select thisto automatically pick the controller values. To perform this function
click the’stop’ then 'start’ buttons. The motor will move, and then reverse
direction to determine the dynamic load. It will then pick parameters to leave
the motor controller critically damped.

14. Set the parametersback to’P =200 and’'I’ = 66.

15. Stop the’Control Panel’, thiswill alow the motor to be controlled by the
external voltage supply. Change the voltage supply and notice how the motor
responds. Reverse the voltage supply and notice that the motor turnsin the
other direction - remember to return it to normal when done.

16. Connect proximity sensorsto digital inputs 1 and 2. The pins on the controllers
are 32 and 33 respectively. The pins on the breakout board are 48 and 15
respectively. The wires for the proximity sensors are standardized as brown for
V+, blue for the common and black for the signal.

17. Once the proximity sensors are attached test them with the "Display Digital
|O" window. After this change the "1O Configuration window to set input 1 as
"forward enable" and input 2 as the reverse enable". Test these to see that they
actually stop the motor in both directions when not on.

18. Attach the motor to aball screw slide and attach the proximity sensors. Change
the motor controller to follow a position command. You should be able to con-
trol the position of the motor by changing the variable power supply voltage.
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2216 TUTORIAL - DVT CAMERAS (UPDATE FROM 450?27)

(******To be done outside the lab without the hardware)
1. If the DVT softwareis not installed yet, install it now.

2. In either case put the DVT CDRom in the computer and follow the tutorials on

the CD.

3. Run the’ Framework’ software. When it starts to run awindow called ' PC Com-
munications will appear. In this case we will only use the smulator, so select
"Emulator’ then’Model 630, then ' Connect’. The emulator will also start as

another program.

4. At this point we can set up asimple set of vision tests for the camera. The cam-
erais capable of supporting tests for more than one product. You can select
which product the tests will be for by first selecting ’ Products’ then ' Product
Management...”. Thiswill put up awindow to define the product details. Select
"New’ and then enter "partl’. Use’ OK’ to dismiss the windows and get back to

the main programming window.

5. We need to now set up the emulator to feed images to the programming soft-
ware. We can do this by loading a set of test images. To do thisopenthe’DVT
Smartimage Sensor Emulator’ window. Then select ' Configure’ then’Image
sequence...’. Select 'Browse for Image’ and then look for images on the CD in

the "emulator\images\M easurement’ directory. Pick the file

"M easurement001.bmp’. The next window will ask for the last image so select
"Measurement010.bmp’. Select ' OK’ to get back to the main emulator window.

6. Go back to the Framework programming screen. The emulator can be started by
selecting the right pointing black triangle near the red circle. You should see
images appear in a sequence. Pause the images using the single vertical line.

7. Next we will add atest to the product. On the left hand side of the screen select
"Measurement’, select the small line with two red arrows and then move the
mouse over the picture and draw aline over asingle section of the part, for

example the right hand most side by the large circle.

8. In the pop-up window enter the test name 'test1’. Apply the changes and dismiss
the window and run the camera again. Notice that as the imagesflip by the
result of the test is shown at the bottom of the screen. As the images are cap-
tured the part may move around. It is common to delete and recreate the sensor
anumber of timesto find the right position for the line. Double click on the sen-
sor and look at some of the options possible. Try changing these and see what

happens.

9. Delete the previous sensor and create a sensor (rotational positioning: find edge
in parallelogram), and a translation sensor (translational positioning: fudicial
rectangle). For the trandation sensor, under the’ Threshold’ select ' Dark Fudi-
cia’. Run the software and note the rotation and translation data at the bottom

of the screen as the images are processed.

10. Delete the sensors. Go to the emulator and |oad thetwo ' 1dBarCode’ imagesin
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the’ emulator\images\1DReader’. In Framework run the camera so that these
appear on the screen, then pause the camera. On the left hand side of the screen
select ' Readers' then’Barcode Sensor: Line for 1D codes' . Draw the sensor
line over the middle of the barcode.



	22. LABORATORY GUIDE
	22.1 Lab 1 - Introduction to Resources and Tutorials
	22.1.1 Tutorial 1a - Creating Web Pages
	22.1.2 Tutorial 1b - Introduction to Mathcad, Working Model 2D and The Internet
	22.1.3 Presentation 1a - Introduction to Library Searches

	22.2 Lab 2 - Computer Based Data Collection
	22.2.1 Prelab 2a - Tutorial for LabVIEW Programming
	22.2.2 Prelab 2b - Overview of Labview and the DAQ Cards
	22.2.3 Experiment 2 - Introduction to LabVIEW and the DAQ Cards

	22.3 Lab 3 - Sensors and More Labview
	22.3.1 Prelab 3 - Sensors
	22.3.2 Experiment 3 - Measurement of Sensor Properties

	22.4 Lab 4 - Motors
	22.4.1 Prelab 4a - Permanent Magnet DC Motors
	22.4.2 Experiment 4a - Modeling of a DC Motor

	22.5 Lab 5 - Basic Control Systems
	22.5.1 Prelab 6a - Servomotor Proportional Control Systems
	22.5.2 Experiment 5a - Servomotor Proportional Control Systems

	22.6 Lab 6 - Basic System Components
	22.6.1 Prelab 6a - Mechanical Components
	22.6.2 Experiment 6a - Mechanical Components

	22.7 Lab 7 - Oscillating Systems
	22.7.1 Prelab 7a - Oscillating Systems
	22.7.2 Experiment 7a - Oscillation of a Torsional Spring

	22.8 Lab 8 - Servo Control Systems
	22.8.1 Prelab 5a - Research
	22.8.2 Experiment 5a - Tutorial and programming

	22.9 TUTORIAL - ULTRA 5000 DRIVES AND MOTORS
	22.10 Lab 9 - Filters
	22.10.1 Prelab 9 - Filtering of Audio Signals
	22.10.2 Experiment 9 - Filtering of Audio Signals

	22.11 Lab 10 - Stepper Motors
	22.11.1 Prelab 10 - Stepper Motors
	22.11.2 Experiment 9 - Stepper Motors

	22.12 TUTORIAL - STEPPER MOTOR CONTROLLERS (by A. Blauch and H. Jack)
	22.13 Lab 11 - Variable Frequency Drives
	22.13.1 Prelab 11 - Variable Frequency Drives
	22.13.2 Experiment 11 - Variable Frequency Drives

	22.14 TUTORIAL - ALLEN BRADLEY 161 VARIABLE FREQUENCY DRIVES
	22.15 TUTORIAL - ULTRA 100 DRIVES AND MOTORS
	22.16 TUTORIAL - DVT CAMERAS (UPDATE FROM 450???)


