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General information

Please refer to handout:
“Laboratory 1: Digital Ohm Meter”
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Objectives
The objectives of this laboratory are:

To expose the user to LabVIEW Software;

To understand the technicalities of analog to digital conversion (A/D
conversion). Additionally, items created and/or displayed from this
software will need to be placed in a variety of documents: WORD,
PowerPoint, and/or Excel. Consequently, each user must be exposed to
these software tools, utilities and directories;

The user needs to configure a system so that external inputs (voltage,
etc.) can be read by the DAQ system;

The user will create a Virtual Instrument (VI) fo measure analog inputs;
Display in analog and digital forms and create a file of resistor values;

The digital readings will be transferred to a spreadsheet for statistical
analysis;

You will also observe the temperature versus resistance characteristics of
a batch of ten carbon resistors.
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Background

The background information of this lab involves two very broad
areas of study in instrumentation:

e  graphical computer programming; and

e analog-to-digital conversion.

Both areas can be extensive, however, the following short introduction
allows one to take simple measurements.
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Graphical computer programming: example

Write LabVIEW program to perform the following operations:

AddAtoB

AddCto Sumof A and B
Divide Sum of A, B, and C by 3
Subtract A from C

W0 =

IFig. 1-1a. Sequence of instructions
to be programmed in a computer.
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Graphical computer programming: example

Front panel

k= Lab-1-Fig-1.vi Front Panel ™
File Edit Operate Tools Browse ‘Window Help

k = (i@ III 13pt Application Font |vl|h_v||£"&l|£l

< [ | |
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Graphical computer programming: example

Block diagram

File Edit Operate Tools Browse ‘Window Help

= ©|E|L,u||5r|uﬁ [ 130t Application Fort |~ | [ 3w [ 7aa~ | [£5+]
T

|>_ﬂ

[nstruckion 1:  Add & to B|

iz

[1]:]

[nstruction 2: Add C to A+E]

[nstruction 4: Subkract A from CJ

- =

DE|
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Can you draw electronic diagram used for measurement of
electrical resistance?

See an actual Ohm meter and
measure electrical resistance
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Ohms law

Ohm'’s law provides the relationship between Voltage, V
[volts], current, I [amps], and resistance, R [Ohms].

V=IR
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Measuring Resistance

Our hardware is capable of generating (analog out) and
measuring voltages (analog in). We will create a circuit as
shown in the figure below with two resistors in series, R1 and
R2. RI1 will be known and R2 will be unknown. By applying a
voltage, V1, across the two resistors and measuring the
voltage, V2, across the unknown resistor, R2, we can compute
the unknown resistance.

‘ Resistors in Series I The resistors in series on the ICfT for'm a

voltage divider. The voltage V1 is applied
to an equivalent resistor of magnitude (R1 +
Ry T Ry, | R2). The voltage V2is proportional to the
V2

ratio R2/( R1+ R2). Hence you can
< » compute RZ from the measured values of
V1 R1, VIand V2




Building an Ohm meter: start from a "blank” VI
Right-click and add a "while” Ioop

43 untitled 1 Block Diagram

E

[
File Edit View Project Operate Tools Window Help % E 3
[2]&] @[n][2][25] [ba]@P]ot [ 9t Appication Font |~ J[2o][70a] [£5-] T

i
A\

-{;j Functions 93 Search l

Programming >
D' G el (=]
— 431 Structures
Structures |

e I d 7

Numeric While Loop Timed Structu...
{ » 4 @0
s ] =

Comparison Case Structure Event Structure MathScript

) L]

File 1/O Flat Sequence Stacked Sequ... Formula Node

: ] ] =

Synchronization| Diagram Disa... Conditional Di... Feedback Node

Measurement I/G
Instrument I/O
5 Shared Variable Local Variable  Global Variable
Mathematics = =
: z [ N
Signal Processing [ o0
Data Communica ! =
B Decorations
Connectivity
Express >
Favorites 4 [ 'v]
<] Select a VI... (2 .
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Build an Ohm meter: add a "while” loop
[ untitled 1 Block Diagram * M=)

File Edit Operate Tools Browse wWindow Help E

[#|@n ba i o [ 130t Application Fornt |~ [ 8=~ |[<0a~ ] [£5+]
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Add a "Stop Button” on the Front Panel

File Edit View Project Operate Tools Window Help !

(2] & (1] [0 TvesNew Romn |~ ][ | -] (5]

Toggle Switch Toaggle Switch Push Button

Beeed  fesd  [eenend

Text Button Ok Button Cancel Button Stop Button

IZI -as J"“ TECy,
A
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Front Panel showing "Stop Button”

Bile Edit View Project Operate Tools Window Help

[ [] ® (0] [ ot TmesNew Romen [~ [Ee ][] [5-1

(el
EI el
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In the block panel, wire the "Stop Button”

{3 Untitled 1 Block Diagram * BmE<]
File Edit Wiew Project Operate Tools Window Help .,.JH
— be -
1] ][9] 2] o3 | 5ot rombemton Fore 1~ B[] [5] E
Tools El_
SE | |-
oyl b | A
=] ki
@l
‘ 5
stop]
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Create a "Display” on the front panel

View Project Operate Tools Window Help
|| @ [ 1] | 19t Times New Roman |~ | 2o~ || “im~ || E2~ | | €5~

Graph Indicat...
Select a Control.
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Front Panel. Change properties, as necessary

E Untitled 1 Front Panel *
File Edit View Project Operate Tools Window Help




Add a "Timer”

File Edit View Project Operate Tools Window Help

[>]] @ [1][@][2e] [waflo* [ ot sepication Font |- J[£-][a~]

&)
{31 Functions Q) search|
Programming >
o
=l s
Structures Array Cluster & Vari...
2 (B ; 1
[ ™
Numeric Boolean String
(= ’l e’ =
[z -1 Timing
@ - — e —
L"‘"'s:’" gi' i)
B B
File I/O V\;aveform Tick Count (ms) Wait (ms) Wait Until Ne... ToTime Stamp |
» | ¥ o0
m ) .
Synchronization Graphics & So.. Date/Time To... Seconds ToD... Time Stamp C...
Measurement IjO ?-ﬁ:
Instrument I/O
Mathematics Format Date/...
Signal Processing »
Data Communication 4
Connectivity 3
Express »
Favorites »
Selecta VI... ™
[}
@ I [>]
PN




Add "Timer” control: right-click (in select mode) -> Create
-> Control

d 1 Block Diagram *

Edit View Project Operate Tools Window Help

[2]=] ®[n][@][25] bal@P]or [ 1t Appicaton Font |~ ][ S ][%5a~] [5-]

Time Delay

T IvIs

Visible Items >
Help
Examples

Description and Tip...
Set Breakpoint

Select Input/Output ~ »
Insert Input/Output
Remove Input

Timing Palette »

Open Front Panel

Constant
Control
Indicator

Size To Text
View As Icon

{11}

Properties
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Add an “"Analog Input” Channel by dragging the DAQ
assistant icon to the block diagram

DAQ Assistant

[1=€T ] [1=[] [1=%1] [1=%1]
Delay Time {s) | i
. Time Delay = 'fﬁ

%P

e 1-2 b Delay Time (s)
il top

{ i 3 : ®
'y Instrumert 170 <1or [ @

[I'» Vision and Mation
b Mathematics

d | » Signal Procassing

|| Data Communication

b Connectivity

» Control Design & Simulation
[I'»  SignalExpress

'y Express

Addons

Favortes

User Libraries
Select a V..
FPGA Interface

#
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Configure Voltage input channel
Use the DAQ Assistant Tool

Create Hew Express Task...

NI-DAQ INSTRUMENTS"

DAQ Assistant

DAG Assistant

Acqguire Signals
Select the measurement type for the a e

task. Generate Signals
A task is a collection of ocne or more virtual

channels with timing, triggering, and other
properties.

E ¥ To have multiole messurement types
within @ single task, yvou must first create
Time Delay the task with one measurement type. After
S T— vou create the task, dick the Add
Channels button to add 2 new
measurement type to the task.

Delay Time () |

‘ez "
[<I=]

]

o

¢ Back || Next> | | Finish
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Configure Resistance Channel
Use the DAQ Assistant Tool

Create Hew Express Task...

vamen || NILDAQ oAt
. INSTRUMENTS™
DAQ Assistant
" . . M
Select the measurement type for the = Acguirs Signals [_]
task. = Analog Input
A task is 2 collection of one or more virtual
channels with timing, triggering., and other [ @' Voltage
properties.
Temperature
) E ¥ To have multiple measurement types
Delay Time () | within 2 single task, you must first create &% Strain 3
- Time Delay the task with one measurement type. After E
o y Delzv Time (o you create the task, dick the Add @ Cumrert
DE —— Channels button to add 2 new
measurement type to the task. {EE Resistance
% Frequency
Position A
tﬁ Acceleration
@v Custom Yoltage with Excitation
@ Sound Pressure U
W

< Back || Nest> | Finish
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Configure Resistance Channel Number O in the USB-6229
signal conditioner. Other Channels can also be used

Create Hew Express T.

NI'DAD: Iuﬂl'l'ltunlili\lﬁ"
DAQ Assistant

- W Physical | @) virtual
Select the physical channel(s) to
add to the tash.

Supported Physical Channels

If you have previously configured ... ' 5 Y rs
global virtual channels of the o DE'»E. (Us8-622 (BINC)) "‘-

same measurementtype asthe | | | | ¢ 7 ai0

task, click the Virtwal tab to add | | | | i e ail

or copy global virtual channelste | | | | | Q.. ai2 =
the task. When you copy the

glebal virtual channel to the
task, it becomes 2 local virkual | | | | i e a4
channel. When you add a global
virtuzl channel to the task, the
taszk uses the actuzl global
virtuzl channel, and any changes | | | | § e a7

to that glebal virtual channelare | | | | § i aia
reflected in the task. .
....... a9
If you have TEDS configured, | | | | i i.. ai1d
click the TEDS tab to add TEDS .
channels to the taske. | | | | i 77 aill
....... ailz
For hardware that supports 13 [v]
multiple channels in a task, you | | | /27 &l
can select multiple channels to
add to a task at the same time. [v] <Ctrl= or <Shift> dick to select multiple channels.

Mest> || Finish
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Set the properties for the channel - 1 Sample on Demand
Notice the voltage range

Configuration | Triggering || Advanced Timing |

Deizils ‘@ Voltage Input Setup
e Settings ‘ #_Calibration |
Volts [v]
Terminal Configuration
Click the Add Channels button Differentil (]
(+} to add more channels fo Custom Scaling
the task. | <Ma Scale> [i“ @
[ae)
Acquisition Mode ( Samples to Read Rate (H
1 Sample {On Demand)

= ¥

Min is the minimum
value expected from
yvour measurement after
zcaling.




Create one more DAQ assistant block - this time make it
analog output with 1 sample on demand option

2 View~
»  Programming

M 140 )
¥ Measurement N I 'DAO. qwlui‘nnwm!liﬂf

L DaGme - Dat isiti DAQ Assistant

i Acquire Signals

DAQ Assistant? Select the measuremant type for the
task.
g Vi
o ¥ \oltage
H To hzve multiole mezsurement types [ b
vithin 2 single task, you must first create Cument
{"’" {""’ the task with one measurement type. After o

Create New Express Task...

& Generate Signals

or more virtual .
. triggering, and other 2 Analog Output

Ataskis = collect]

wou crezte the taszk, click the Add Counter Output
[[=[] [I=€[ ] I ] [1=1] ch Is button to =dd = new
| @ | |jL| | | | measurement type to the task. Digital Output
3 ¥ Delay Time (s) |
»
P

Imstrimert 140

Configuration |Triggering Advanced Timing

< B Mext > Finish

Detais |["] Voltage Qutput Setup

VoltageOut Settings |

= “w Phvaeal
W Physica

Supported Physical Channels
Dev2 (USB-5225 (BNC)) [a]
Terminal Configuration aold
Click the Addl Channieis button | ReE (ee] a0l ‘\
f:_,' e‘o;o‘a‘more channels o Custom Scaling ao?
oie s Mo Scal :
“l | <Mo Scale> I N N A O I
< — Dev3 (PCI-MIC-16E-4)
Generation Mode @ Samples to Write Rate [Hz)
1 Sample {On Demand) [v]| 100 1k
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Create a control for the second DAQ Assistant block

This allows you to control the input voltage - V1

¥

L3
L3 F
DA Assistant
data H

¥
»
13
* 3

DA Assistant2

Vigible [tems
Help

Description and Tip...
Breakpoint

Select ImputOutput

Insert InputOutput

Remove Input

DAQmx - Data Acquisition Palette

Signal Manipulation Palette
Create Constant
Control

Replace

|:| Graph Indicator
Open Front Panel Mumeric Indicator
Size To Text
View As Icon
Corvert to MI-DAQmx Task

Generate NI-DAQmMx Code

Properties
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Label the newly created control properly

L3 [
'
L L
DAC Assistart
data ¥

o

Output voltage - W1

Celay Time (=)
Time Delay
Delay Time is)

ot 'E‘J,
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Create a block diagram to calculate the resistance R2
knowing V1,V2 and R1 and using the voltage divider
properties. Again, label properly.

Known Resistance - R1

DA Assistant

data "E

Output voltage - Y1

DAG Assistant2
—F data

et

Time Delay
b Delay Time (5]

ke stop

JO\“T—"‘C‘

2 z
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When wiring, a useful feature is the 'Clean Up Wire'- just
right-click on the messy wire.

.

Known Resistance - R1

L3
* L
DAG Assistant

data ¥

s

Output voltage - W1 . Clean Up Wire
.| i Create Wire Branch
J * M Delete Wire Branch
DAG Assistant2

" data

o

Mumeric Paletts
Create

Frobe
F
Delay Time (s} | Customn Probe
| Time Delay Breakpoint
S —
J Description and Tip. ..

N
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Create a numeric indicator at the output of the VI for
more convenient reading

Known Resistance - R1

: . p

i : I
A1L23[

» 1 i J

DAG Assistart =
data ¥
. ] x = Ohms
|_________I-_.>-.-:: . m
[T i
Output voltage - W1 [“5 : Clean Up Wire
= C L~ Create Wire Branch
:-E t b Delete Wire Branch
CIE J * 3
DACH Agsistant2 Insert 3
— data
i Signal Manipulation Palette
Create 3 Constant
Prob Control
Cmb: Prob , Graph Indica
. , ustom | robe -
Delay Time 5] | Breakpoint 3
g Time Delay
zag v Delzy Time fs] Description and Tip. ..
DE J % stop
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Make sure you change the scale of the meter indicator to
accommodate your readings

ROLECH
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Final view of the front panel and the block diagram

Known Resistance - R1

Qutput voltage - V1

B e

DAG Assistant2
data 1.23
A OE

Delay Time &) |

Time Delay
5 ' v Delay Time ()

A




Experimental setup

#ANR T

ST AR A S i
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Make sure to know how to decipher / read “"bands” on

electrical circuits of interest.. see Handout

T
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Measurements on a 10 kQ+5% resistor:
9887.53 Q, is this correct? Discuss.

(Recall: digital resolution; uncertainties in both, equipment used and resistors)
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Next lab: update VI program to write data to a “File”
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We will be doing error and statistical analysis.

We will also use Chauvenet's criterion for “"data rejection”

T
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