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Abstract: LabView is a very powerful NI graphical programming language that
can be used to design and build many executable programs to support
education. These programs can be used in classes to support lectures and labs
that are currently used in the education of students. The programs’ design is
based on need defined by the instructor. Since LabView is so intuitive, students
can quickly develop job skills by building these programs. The programs can
then be deployed as executable programs that can be loaded and used on
personal and school computers.

History: Hired Work Student to write programs to support engineering
programs and grants. Emily Kwolek (IT Student) was hired without any previous

experience with LabView and began to work on updating and writing LabView
Programs.

LabVIEW
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LabVIEW'
Strategy: Setup a Google Drive with this structure
o)

1 - Initial 2 - Under Review 3 - Deployed 4 - Retired

Initial — contains reference material and initial program
Under Review — working directory of programs being developed
Deployed — VI and EXE files that can be installed on GRE computers

Retired — Programs which have been replaced



Programs: Status and types of programs created

_lprogam 0 [Name  |Version|Deployed|AnalogDigital |Mechanical [NEMS [Other | LabVIEW
l-_--_-- ;

[ 2)6Gate 6611 | a1 | oyes | x| o} ] |
l-_-_--

| 4]capacitive and inductive reactance(XC&XL13 | 13 | yes | x | [ | | |

| S|componentcalulators  |version14 | 14 [ no | X |
| 6lcoplanarequalangle  [cEA10 | 1 | no |
| 7lcoplanarunequalangle  |CUAl0 | 1 |
E-
| Oldatatrimmer  |DataTrimmer10 |
10fibeam  libeam11 |
ko [KOHrevA | rev
l-
almintou ardware vt | 11 [ no |
|14|minilouvirtual hardware  [Mwvito | 12 | o | 0 x [} | |
15|numberconversions  INCP17 | 17 | yes | X | x | | | |
16lopampfiltes  |opampfilters18 | 18 | no | x | [ o} | |
l_--_--
_--
l-
l-
_-“
22)slider  sliderz0 | 1 | no |
l_-“
24|wireresistance  |WRC14 | 14 | yes |
25| wire resistance withtemp — [wac1a | 12 | yes |

x| X<

=
N
>

|
|
|
|
|
|
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Deployed program are loaded on GRE computers and include VI and EXE versions




boked at each
or either the NI

[7/18 11:3¢
Also, not all of the Iz that PowerPoint. Missing are Boolean's

Theorems, Number Conversions, Capze > anc e Reactance, RC & RL time constant, and the
Resistor Tolerance Program.

[7/18 11:41 AM] Emily L Kwolek
| did document Boolean's Theorems and Number Conversions in a different PowerPoint though. Not sure

which one at the moment.

LabVIEW



https://www.ivytechengineering.com/LabView/
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LabVIEW

[7/18 12:50 PIv
The only things | used dire

ets for each module to understand how to set up
inputs and outputs on the more compllcated modules. Everything else | just Googled and found results on

the NI Community forums.




v or about right in terms

xecutable programs and
other task

[7/18 12:59 PM] Emily L Kwole

| never really felt a big pressure, there were a few days where | worked on it as much as | could but couldn't
get anywhere until | took a break from it and looked at it with fresh eyes the next day, but most of the time
| just made the edits necessary in a couple of hours or so and submitted it for the next day's review.
Deploying the software/making executables was probably the easiest part. Once | had the software
programmed, it was a very simple matter to get it working on the GRE computers.




ustry. LabView is
Kwolek, a student
veloped and updated
. to our GRE computers for student
use. Emily worked p 1 October 2021 till July 2022.




LabView Programs

SLECR RN

LabVIEW

These are LabView programs that were created in support of our NSF ATE Grant and EECT 111, 122, 122 and
METC 237.

1.) Wire Resistance Program (difficulty —medium but easy to add new features)

2.) Parallel Plate Capacitor Programs (difficult— easy, ripe for updates and enhancements)

3.) KOH Concentration (difficulty — easy but could take some real work to enhance)

4.) Pressure Sensor Processor (difficulty —medium, very mature program with lots of supporting information)
5.) Quadratic Equation Solver (difficulty —easy, has room for enhancement)

6.) 6 Gate Tester (difficulty—medium to easy, not much room for enhancements but good for study)
7.) Mini-Lou (difficulty —medium to easy, room for enhancements)

Other candidates

a.) Lab g —Purpose - to support the design of a 555 timer circuitfor EECT 112 (difficult—easy)

b.) Data Acquisition Control and Display Panel (DAC-DP). This program containstwo parts, one that
interfacesto an Arduino, the SCME Pressure Sensor kit, and a custom Arduino Shield. The second program
uses a strain gauge, the SCME Cantilever Model kit and a custom Arduino Shield.

(difficult—advanced and interfacesto Arduino)

COMMUNITY
COLLEGE




LabView Programs

u wire resistance mod.vi Front Panel

File Edit View Project Operate Tools Help History - In the EECT 111 class we have an

> ® @ I | 13pt Applcation For+| Search s assignmentto determine the wire resistance of
100 foot of wire for 4 wire gauges using Silver,
Copper, Gold and Aluminum.

Wire Resistance Calculator

Big Wire AWG Diameter (in) Material This program is based on information provided

0 Selection i . :
by Wiki on American Wire Gauge*and
CSA (in%2)

L/ £ 3 Resistivity2.

Oto 40 . S
Major features include the use of Case
Small Wire AWG

® & 1 kil i Structures, Exponential Functions, Comparison
Wire Resistance Functions and Numeric Functions...

I.ep_gtll (feet) Length (meter) |0I

o0 0

1 - https:/len.wikipedia.org/wiki/American wire gauge
2 - https://len.wikipedia.ora/wiki/Electrical resistivity and conductivity




LabView Programs

Length (meter)

p 123

Status - This program has not been =
checkedforaccuracy. |

U pd ates: Resistivity Wire Resistance

oEU DEL

1.) could add other metals that would
be used in MEMS fabrication.
2.) create subvi for some of the code

+
to make the software more modular. .

CSA(in*2)  CSA(m*2)

3.) could add temperature
coefficients for metals.

4.) Build executable

Boolean 2

Q9

TF




LabView Programs

D PPC.vi Front Panel

File Edit View Project Operate Tools Win|]

[ PPC2.vi Front Panel

File Edit View Project Operate Tools Win|]

D &® @ N | Search 4

SR | | liSearch /-

Parallel Plate Capacitor
A = Area of plate
K = Dielectric Constant
D = Distance between plates

gy = permittivity of space

Plate Radius (cm) A(cm”2)
YR
°

Plate Seperation (cm)
a S
9} 0
AGBell
4/15/2021

Capacitance (F) stop

0

Parallel Plate Capacitor

A= Area of plate

K = Dielectric Constant

D = Distance between plates
1= length w=width

&, = permittivity of space

Lenght (cm)  Width (cm) A (cm*2)

%o 0

Plate Seperation (cm)

Ao
Material Dielectric Constant

A AGBell

o0 4/15/2021

Capacitance (F) stop

o »

-0

History —This is a very old program that |
have recently updated forthe EECT 111
course.

It has some cool updates from the original
Visual Basic program besides being
translated into LabView. First, the graphics
were actually created using SolidWorks and
PowerPoint.

Major features Numeric Functions and use of
graphics.




LabView Programs

Status — Program seems to work
correctly, just noticeda typo in Plate Radius (cm)
Lenght, lol :

Lenght (cm)

A(cm”2) ez A(ecm™2)

DELU

Capacitance (F) 123 Capacitance (F)

DE! DEL

Updates:

1.) fixtypo

2.) merge programs
3.) make dielectric constanta o
selectable value based on a good i A Dlaks Sépesalion (66 @
reference. Selectable dielectric e
constants should be based on
material used for PCB for electronics

and substrates used in MEMS b
devices.

4.) Could include range of

capacitance based on range of

dielectric constant.

Plate Seperation (cm)




LabView Programs

B KOH rev Avi History —This a fun little program that |
G L e P Sopaate ek I Window Fid thought of when | wasat UNM in 201q. It is
2 @ N based onthe BYU KOH Etching website3 for

the 200 Si MillerIndex. This program also
KOH Concentration ko eting B vink used Engauge and Excel where the graphs
KOH Elching of 10051 forthe BYU website were imported into

e ey Engauge and then the data was imported
into Excel. In Excel curve fits were developed
foreach graph. This resulted in unique
coefficientsforthird order polynomialsfor
7 each concentration and temperature.

Wafer
Thickness Etch rate
Set Temp (microns) (microns/hrs)

§§90 /500 156518

g B 3

2 =

Etch
Time
(hrs)

13.19453

Micrensihour
g et s

o B8 d 8 R

35% 0% 459
@ s

Major features includethe changingofthe
— images based on the % concentration knob,
8 C\Users\abell118./VYT..\koh\KOH pics (& use of PolynomialVls, use of subvi, uses Case
Structures, linkto external website.

3 - https:/icleanroom.byu.edu/koh




LabView Programs

Status — Program has not been

validated for accuracy. Could plot
curves and compare against the :
original curves. | |k

@ https://cleanroom.byu.edu/KOH

. A7, =
Updates: - f : Wafer
0, B n‘iCkn ess :E R r P p e p e r e p e r P r PP r e r P p e r PP r PP PP rere E:
(microns)

1.) Add the 1120 MillerIndex data [osxon} | | (2=
2.) Add Silicon Dioxide and Silicon ' ;:Q,:: - 5"15 E | | Etchrate

(microns/hrs)

Nitride ==
3.) make images a relative locationvs | |
an absolute to improvethe
functionality.

4.) add audio to the output.
5.) create executable )

Select the location of the
directory for the pictures




LabView Programs

u PSP_1.1wi
File Edit View Project Operate Tools Window Help
R @N

convert physical quantities such as air flow and
liquid levels into pressure values that are
measured by an electronic system.
Micropressure sensors can be used in
conjunction with other microsensors such as
temperature sensors and accelerometers for
multisensing applications or other components. v

R R —

w8 MEMS 101
,}‘ Introduction to Microsystems

-

2t

=
=

SCME

Support Cantor for
Microsystems Education

History —This a great program that was
started the first time we taught the MEMS
101 course back in 2017. The purpose of the
program was to help students gainan
understanding of the process steps used to
create the SCME Pressure Sensor. Pictures of
the processsteps, text, audio and pictures of
the equipment were used. The original idea
was that this was a end of the semester
projectthat the whole class would do to
document the Pressure Sensor cleanroom
experience at UNM.

Major features include external links,
pictures, text and audio that changesas a
function of switch selection, use of Case
Structure, relative addressing out data,
timer.




LabView Programs

— .

e
Nem

|‘L data\SteE 8!55 I-

Equipment Used

Pressure ’\\Q
3 - ' e =2
ensor 9 data\Step 8a.jpg

Process

ldata\wav&wavll

Audio ?
T - o
E’ el

[TEN--




LabView Programs

Status —This program has be updated
multiple times. The one that is shown
here is PSP1.1 which is accessible
from the https://www.ivytech-
mems.org/ website.

Updates:

1.) Verify that the steps shown

currently match the process steps
used.

2.) Create executable

3.) create subvi for some of the code
to make the software more modular
and reduce block diagramsize.




LabView Programs

il s paa History — This program was recently created

File Edit View Project Operate Tools Windowil_ to SUppor‘tthe METC 237 classwhen we were
v 8 @® N [ search A talking about the stability of a second order

""" 'Quadratic Equation Solver SyStem:
7 —b +Vb? — 4ac .
ax?+bx+c=0 X = 2a Major features the use of Case Structures,

Boolean Indicators, Comparison Functions
and Numeric Functions. There is also a
feature of adding the +/- i to the GUI if the
roots are complex.

X1 X2
-0.333 -05

AGBell
5/1/21

4 - https:/fwww.mathsisfun.com/algebra/quadratic-equation.htm!




LabView Programs




LabView Programs

Status —This program appears to
work fine.

Updates:

1.) Create executable

2.) CompressBlock Diagram using
subvis or just shrinking the distance
between elements.




LabView Programs

m 6 gates.vi Front Panel
File Edit View Project Operate Tools Window Help

D& N |15pt Application Foni*| Search

Six Gate Tester

Schematic

°E}—X U1A
1= el g

A 7415080
u2A

—

Key =

= 7405320

u1B
e

7415080
uzB

Key= B

7418320
UdA

T4LS86D
i

74LS86D

TALSO04D
u3iB

74LS04D

History —This is a newer program created for
the EECT 112 class. It is straight forward and
uses BooleanToggle switchesto change the
logic value of two bits and LEDs to indicate
the true or false results for the 6 basic gates:
AND, OR, NAND, NOR, XOR and XNOR

gates.

Major features the use of Case Structures,
BooleanToggle switches, Boolean Indicators,
and File I/OVis to build relative path to
imagesthat change based on the binaryto
decimalvalues. GUl includesblack
background for7 segment displays.




LabView Programs

Status —This program
appearsto work fine.

Updates:

1.) Create executable
2.) CompressBlock

Diagram using subvis
or just shrinking the , e e

distance between
elements.




LabView Programs

History —We have been working on the Mini-
File Edit View Project Operate Tools Window Help ] LOU in EECT 122 for many yearS.ThiS
& & (&) I [15pt Application Font ~ | »| Search ‘ HTH™ program represent the culmination of many
years of work and it turns out to be a very
Mini-Lou simple program.This is a bruit force solution.
Duel 3 Bit Adder/Subtracton

B MiniLou.vi Front Panel *

Major features the use of Case Structures,
Comparison Functions, Numeric Functions,
conversion from Binaryto BCD, Local
Variables with Boolean Controls.

AGBell
2/15/21




<I (@) L
g BB EE
-~ -~ -~

IIl_m_Il

Ill_m_Ill

LabView Programs




LabView Programs

Status —This program appears to
work fine.

Updates:

1.) Create executable

2.) CompressBlock Diagram using
subvis or just shrinking the distance
between elements.

3.) Fix Toggle Switch locations so that
they don't overlay the numbers.

4.) Fix A-B subtraction when number
is negative using 2's complement
approach or sign bit indicator.5

5.) Extend to 4 bits

5 - https://microcontrollerslab.com/seven-segment-display-labview/




LabView Programs

a Lab 9.vi

= O

File Edit View Project Operate Tools Windo|

X

i @ N

=

1

3.
2.:-

220E+3

Resistance
5

4 7 6

{;\ e : 7 \:::’, /
: ~8
7 N 3 N
1 9 1 4

Frequency
21,8182

Lab 9 - 555 Designer

100E-9
Capacitance

2 3

Duty Cycle
1333333

stop

)

“

™
=
w
o
=
<
=
=)
<
o
<
[x)
1
©

(RA + 283)
|

01 1 10 100 1k 10k 100k

f — FREE-RUNNING FREQUENCY (Hz)
DS007851-10

FIGURE 6. Free Running Frequency

X
X

History —This is a newer program created for
the EECT 112 class. It is straight forward and
uses variablesforR and C to design a low
frequency clockfor Lab 9. Standard
components are used for the resistorand
capacitor. The program uses these two
equation where R, =R;. Inlab | ask fora 1Hz
to 10Hz clock.

1 1.44

f=—

T (Ra+ 2Rp)C

Major features the use of Case Structures,
Numeric Functionsand Knobs.




LabView Programs

Status —This program
appearsto work fine.

Resistance

[>11.23
U pd ates: c—-i Frequency

:

1.) Create executable

2.) Add more range to : Duty Lycle
capacitorand resistor : 2
values. el '

yacitance

Diagram using subvis

4.) MakeR, and Ry
independent.




LabView Programs

D main2.vi Front Panel *
File Edit View Project Operate Tools Window Help
$ & @ 1 |15ptApplication Font ~ | $ov o v @b~ »| Search

Data Aquisition Control and Display Panel (DAK)

Select the software package below that corresonds to
the experiment you are performing.

Bridge

A A e e e

COMMUNITY COLLEGE

History — This programis the main
program that allows users to select
eitherthe Pressure Sensor
(Wheatstone Bridge) or Cantilever
(Cantilever Beam) program. The
original program was created backin
late 2015.

Major features the use of Event
Structures, Case Structure, Boolean
Buttons external links, Boolean
Button (Latch when pressed).




LabView Programs

u main2.vi Block Diagram

File Edit View Project Operate Tools Window Help .
D& @I @Y 29 wa@ 7| 15ptDialog Font ~| 3 i »| Search Q ?

Status —This program
appearsto work fine

a nd Is mature. | 3] "Wheatstone bridge": Value Change |

Open the Wheatstone bridge VI when

I‘L DAC-DP 2.1.vi| the button is pressed.

Open VI Reference  |nyoke Node
Source B4 a1 O

Tohe o G 31 |
1.) Create executable Time et £ IJ—

»Activate |* . .
Simple Error Handler.vi :
CtiRef |»Standard v} State L 7] : Il' This VI

2.) Verify links Oldval
3.) Fix Front Panelicon
for SCME.

4.) Possible change

Wheatstone Brldge to Cantilever Beam Wheatstone bridge SCMEWebsite  Ivy Tech Website
Pressure Sensor . . . .

P rogram [Buttons used to trigger events

Updates:

Close Reference

FP. Close

0nce a VI is selected
close this window

[If event occurs, then react accordingly |




LabView Programs

B DAC-DP 2.1.vi Front Panel *
File Edit Vuewr‘Proj«Vt Operate Tools Window Help 7 = History_This isone ofthe Oldest and
i R I A O kel . most advanced programsthat has
Wheatstone bridge (Serial Interface) — been developed at lvy Tech. It allows
0 0 o j an Arduino UNO and Custom Shield

Instructions ; .
1. Select the COM Port associated with the device. IV TECH to capture voltage readings from the

2. Click the Run Arrow. ' .
S At tie Saemple il s e ool Kncb SCME Pressure Sensor kit. Results
Analog Valie are written to spreadsheet. To reduce
Student Name this size of the upper block diagram,
lower level subvi were created to act

as a sampleand hold.

St Major features the use of Case
@ . o . . , Structures, Numeric Functions and
x Knob, external links, export data to
file, arrays, Arduino control and
capture of data.

Samplevalue

Change value | 1 ‘ I 2,. |3,‘ |H;4_‘ IS‘




LabView Programs

Senial Port

2

Digital Write _ Analog Read _ p Digital Write _

[Find arduino] 1 Chan 1Chan .' - 1Chan E] B

[Turn on "Active” LED [Start collecting data | 73 I R T T [Turn Off "Active” LED|

Sample Rate

Adjust the rate that the Vi
collects samples.

Collect sampe 1-10 when button pressed, and
store in array in respective location. Any sample
can be reset,

Open website in browser if button Create and open an Excel doccument with all data
included

appended array 2

&

Generate Report

SIIRTRRIRININNNINLL

MS Office
Report2

i Enable
Graph1_Data_lny
ﬁ\ Student Name 1P Operator_Name
1 Report_Title_Ma
b Table1_Data_lnp
» Titlel_Data_Inpu




LabView Programs

B DACDP CB V2004 Front Panel *
Fle Ede View Prggect Opersie Took Wndew Help

» & Il | M5t Apphcatienfort v | Sav Guv B D

¥ [INCTEGH

Cantilevar beam (Serial Interface)

EEgEREEcEE

3l
L
0

 DAC-DP Cantilever beam

Cagtured dats

6 65 1 13 2 25 3 13 4 & 3 s5 6 6 7 ¥ 8 235 § a3 w0

5

B A

0 0 D 3 \ 0 T . 0 D v D 0 D 0 . n 0 d
as 1 13 2 25 3 3% 4 45 S 5% & &S 7 1S ¥ BS 5§ ¥ MW
Tme (set)

Thes pregram celiects and anahyses dats from the SCME MEMS Cantilever beam 1t using the DAC-OP interface module via Seral / USE.
Neatri tmn
1. Sebect the COM Port snscciated wes the LINC Orvce. 1 Salect the Analog Chaened to read. 3 Chick the Rem Arrow.

History — This is one of the oldest and
most advanced programsthat has
been developed at Ivy Tech. It allows
an Arduino UNO and Custom Shield
to capture voltage readingsfrom a
strain gauge connected to the SCME
Cantilever kit. Results are written to
spreadsheet. To reduce this size of
the upper block diagram, lower level

subvi were created to act as a sample
and hold.

Major features the use of Case
Structures, Numeric Functions and
Knob, external links, export data to
file, arrays and matrices, Arduino
control and capture of data,
waveform display and Waveform
MeasurementVI.




LabView Programs

L OAC-DP CB v Block Duagram
Fle fde View Propct Operste  Took Window Melp
OB BN § W s Dsthppiatenten | Tov e (D W

data
Collectng data, snd budd s sy ¥ <€ WiGragh tinct]

%t

the dota codected {8 =< WiGaagh Gtnct) 5 o
'E AT
____Q,__._.' : — the relage dfference betaven ity P o Tt ot
1ont the y vahue that cormpont he the | Fm@v“ et E.

X value of sach Curser e o — &] >0
Howrrent :aﬁn e _‘a‘; > vy

— {B___' _u—] Cursor 1 value { e
| @]

>+ l Fo
(> D By )

-




LabView Programs

Status —This program appears
to work fine and is mature but
is too difficultto manage.

Updates:

1.) Create executable
2.) Verify links
3.) Maybe Split into a capture

and analyze part.

4.) Some features could be
removed such as the Curve Fit
section.

5.) Not a big fan of the Excel
template used, maybe just
write data to text file




A
Questions

LabVIEW

Andy Bell

Department Chair — Engineering

Ivy Tech Community College — Northeast
Phone: 260-481-2288 : Fax: 260-480-2052
abell118@ivytech.edu

SDKB Technology Center, Room TC1240R,

3800 N. Anthony BIvd., https:/ /www.ivytechengineering.com /LabView /
Fort Wayne, IN 46805
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