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Software

You need the following Software

* LabVIEW (LabVIEW Professional Development
System 32-Bit: English)

* NI-DAQmx (Hardware Driver for NI USB-6008, NI
TC-01, etc.)

All LabVIEW Software can be downloaded from: www.ni.com/download




Hardware

http://www.ni.com/datasheet/pdf/en/ds-215

NI TC-01 Thermocouple DAQ Device
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LabVIEW Training

http://home.hit.no/~hansha/documents/labview/labview.htm
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What is DAQ?

Hans-Petter Halvorsen, M.Sc.



DAQ Hardware Examples

NI TC-01 Thermocouple Temperature Measurements

We will use this a

device
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NI USB-6008 I/O Module
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Analog/Digital Inputs/Outputs

Note! The DAQmx Driver is needed in order to use them inside LabVIEW!!



DAQ — Data Acquisition  “wrevew:

Sensors, etc., |
PC-BASED DATA ACQUISITION ¢
INPUT0O0UTPUT SIGNALS HARDLWARE ‘ /r] ’ SOFTWARRE
ANALOG S S—
«uilll
DIGITAL - e @)
> g -

COUNTERYS l"_' N nmn— ---
TIMER \.";"1.‘.' L a—

. ~=EEEEEFFEFFFFFFFFFEFFEFEEFPn
SENSORS 5 - @ DRTH RCOUISITION APPLICATION AND

I HFROLLIFE @ DRIVER SOF TWARE

A DAQ System consists of 4 parts: \ . .
NI TC-01 Thermocouple Device NI DAQmx Driver

1.

2.
3.
4

Physical input/output signals, sensors
DAQ device/hardware

Driver software

Your software application (Application software)

or
NI USB 6008 DAQ Device
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Using TC-01 in LabVIEW

Hans-Petter Halvorsen, M.Sc.



TC-01

How-To use TC-01 with LabVIEW

Connect device to
PC using USB
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NI TC-01

Temperature (Thermocouple) Device

Used to log Temperature Data using the LabVIEW software

DAQmx Driver needed!

1 USB Cable 3 Thermocouple Input
2 NI USB-TCO1 Device 4 Minithermocouple Connector

The NI USB-TCO1 provides connections for one thermocouple. Thermocouple types J, K, R,
S, T, N, E, and B are supported. At TUC we will use the J type.



Getting Started with TC-01

The following window should pop up automatically when you plug in your NI USB-TCO1
device in your USB port (if not, select “TCO1Launcher.exe”):

rm National Instruments = = ‘u&‘
NI USB-TCO1 IV INSTRUMENTS

NI USB-TCO1

Themocouple Measurement Device from National Instruments.

vvvvvv

Do More with your b
0 NI USB-TCO1

Current Readi
Thermocouple oo

Type
Configuration 23.1°C E J E

Device Information:

Serial Number: x016318BA

Firmware Version: 1.0.0f1

Device Support >> = 2010 National Instruments. All rights reserved.
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NI TC-01 Built-in Temperature Logger = 1  remeeeetom

Built-in Temperature Logger (No Driver or programming needed)

P

m NI Temperature Logger: 0x016318BA =-|[-= l|&|
NATIONAL
NI USB-TCO1 Temperature Logger IV INSTRUMENTS
Device:0x016318BA 202 =
J 28 —
: O 26—
s 24 /
Log Data g
Log File Directory g' 22
m:\HiTfiler\My Documents =7 ﬁ
20—
18.1 L 1 1 1 1 1 1
14:09:27 14:05:37 14:05:47 ) 14:09:57 14:10:07 14:10:17 14:10:27
Current Reading Time (seconds)
251

2 Start [ M Stop ]

Download additional
applications

= 2010 National Instruments. All rights reserved.




MAX — Measurement & Automation Explorer
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NI USB-TCO1 "Dev1"” - Measurement & Automation Explorer

File Edit View Tools Help

a Ed My System
[sll Data Neighborhood
s &8 Devices and Interfaces
ASRL1:INSTR "COM1"
ASRL2:INSTR "COM2"
e S Rl O b SRl o T’
I [@ Niuse-TCOl "Devi”] |
N s (o 9 P D o s
4.4 Scales
& Software
ES3 Remote Systems

Serial Number

Status

=] Settings =] Attributes

H _ Refresly ‘ [Z Self-Test Test Panels... ‘ l{% Create Task... @@ Configure TEDS... > Hide Help
LB B B B B B B _§ B B B §B B |
E@Back 2
Settings
NI-DAQmXx Device
Name Devl Basics
| R What do you want to do?
Vendor National Instruments
— PRun the NI-DAQmx
Model NI USB-TCO1 Test Panels

016318BA

Test Panels : NI USB-TCO1: "Dev1™

Present
Analog Input

Auto-scale chart

Amplitude vs. Samples Chart

Start M stop

Close Help

Make sure that your device can be located in MAX. Run a “Self-Test” and use the

“Test Panels” to make sure the device works properly.




Data Acquisition Palette in LabVIEW

Functions Palette: “Measurement I/O” -> “NI DAQmx”

For more “advanced” DAQ we use these functions

DAOQmMx - Data Acquisition
Q, search | 22 view~

TASH |+ CHAH [+

Task Const Channel Const Create Channe
| DA< |

L
Timing Triggering

=] [=<]
= —FL

Timing MNode Triggering MNode Read MNode Write Node
= P § |
3
L = {znz

Real-Time Dewv Config Task ConfigfCtrl Advanced

For basic DAQ we use the DAQ Assistant



LabVIEW DAQ Assistant

e
|
DAQ Assistant

data 4

vyvywywy

When you place the DAQ
Assistant on the Block
Diagram, a Wizard
automatically pops up
where you configure what
you want to do, i.e., if you
want to Read or Write
Data, Analog or Digital
signals, which channel you
want to use, etc.

pr

Create New Express Task...

NI-DAQ"

DAQ Assistant

Select the measurement type for the
task.

A task is a collection of one or more virtual
channels wvith timing, triggering., and other
properties.

To have multiple measurement types
vithin a single task, you must first create
the task with ocne measurement type. After
you create the task, click the Add
Channels button to add a new
measurement type to the task.

NATIONAL
INSTRUMENTS"™

i= Acquire Signals <

= AnalogInput
&% Voltage

= Temperature

m

jt Iex Thermistor

j¢ RTD

§¢ Thermocouple

le Vex Thermistor
Strain

Current

Resistance
Frequency

Position

SO I S

Sound Pressure -~

< Back Nesxt > Finish

Cancel




Create New Express Task..

NI-DAQG (J Selectlnput/Output'Type o La bVI EW DAQ

it = "Acquire Signals H <
Select the measurement type for the e q 9 } =
task. = Analog Input
A task is a collection of one or more virtual [ ]
channels wvith timing, triggering, and other $% Voltage
properties. .
= Temperature
To have multiple measurement types -
vithin a single task, you must first create lt Iex Thermistor 3
the task with one measurement type. After
you create the task, click the Add ————-[n— T rr LT .
Channels button to add a new 1 ‘e\
measurement type to the task. [ lt Thermocouple a < _
.
VETRERe — T | anmens. 0 | Set Properties |
; i 0 ™
& Strain Undo Run Add Ch
@] Current ‘{% Express Task | £ Connection Diagraml g3 Back 2 -
Resistance o
&= Channel value - Measuring
% Frequency Temperature o Temperature with
a Thermocouple
& Position A thermocouple is created
< when two dissimilar
#% Couind Draccus metals touch, and the
contact point produces a
Create New Express Task Table [=]| Display Type =mall open-circuit
voltage that corresponds
Q = to perature. =
NI-DAQ (2 C NATIONAL RIRIELC
- . o~ . 5 - ~ . measurements require
NI-DF Select Channel TV NSTRUMENTS Configuration | Trggering | Advanced Timing | Losoro | Teeirarants .
S Chann junction temperature
e “hanne vihere the thermocouple
P vire is connected to the
s B Physical | Details Thermocouple Setup measurement system.
N ks - - Therafore, signal
Select the physical channel(s) to Temperature Settings 5 e .
add to the task. Fe - L L 3 A X L connection accessories
‘ Supported Physical Channels ‘ ‘ shouldtlnch.lndde_ an
. . Siana accurate cold-junction
If you have previously configured I =.. Devl (USB-TCO1) I ~ =ignal 1 ed Units I sensor, and should be
alobal virtual channels of the - Max designed to minimize
same measurement type as the |. J deg C [=] I any temperature
task, click the Virtual tab to add L L L L L b b L L L Min o gradients between the
or copy global virtual channels to I cold-junction sensor and
the task. When you copy the therm‘c’:c""p'e vars
global virtual channel to the Thermocouple Type 1 connections.
task, it becomes a local virtual 3 Other signal conditioning
channel. When you add = global 1 requirements include L
virtual channel to the task, the = CIC Source
task uses the actual global Click the Add Channels button l Builtin [+] ’ ~
virtual channel, and any changes (#) to add more channels to ‘P———————————————ﬁ' -
to that global virtual channel are the task. €3¢ Source specifies the
reflected in the task. - source of cold-junction
If you have TEDS configured, compensation:
c:ck thtla 1;EDti tatb t'c<> add TEDS r ?mn e Constant—The cold-
channels to the task. . junction temperature  |E
I Acquisition Mode = must be specified
For hardware that supports -~ 1 Sample (On Demand) 100 1k vith €IC Value.
multiple channels in a task, you N
can select multiple channels to - e Built In—A CIC
add to a task at the same time. | <Ctrl> or <Shift> dick to select multiple channels. channel built into the | |
-~ terminal block is
used.
. c virtual <
=
o




Read Data from TC-01 Device

File Edit View Project Operate

Tools Window Help

@

g

25| |»a

n* 7 | 15pt Application Font |y «'

You create the Numeric
. Indicator on the Front Panel

>

DAQ Assistant [Numeric Indicator|

data

> SPOBEL ||

We will Create this Example and Run the Program
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Plotting Data from the
DAQ Device

Hans-Petter Halvorsen, M.Sc.



File Edit View Project Operate Tools Window Help

x
[2>[&2] @[] [15pt Application Font |~ |[$o~ |[wa~ |[#25~ | [25+ | [+] search Q| @E

Thermometer Waveform Chart

40- 40 Plot0 [~/
38- 37.5]
36- 35—
34- 32,5
22 5 30
= 2 275
28- <"

g 25-
26- 2

8 225

£

S 20

e ———
12— 0 2 4 6 8 10 12 14 16 18 20
Time (s) Is Window Help

Plotting
Temperature
Data

? 15pt Application Font |~ ”E,;.v ”'.T];vl < I @j

While Locop

: L ™

DAQ Assistant { Convert from\Dynamic Data

YYv v

Thermometer

”él
DE

Waveform Chart

data ) =X ) 7

\ﬁ_’

@

Stop Button




File Edit View Project Operate Tools Window Help

Waveform Chart

80 Celsius

Fahrenheit |/\/

Multiple

~

Temperature

Plotting and
using SubVIs

File

Edit View Project Operate

Teools Window Help

File Edit View Project Operate Tools Window Help

[T [11] 9] 5] [oalir] [ oot e Fort =] B [~ (65~ [l s S [ o
~

I'-{} I@] @@ Il-»u]’ﬁ’ || 15pt Appli:ation[-‘& I 2|

DAQ Assi it

»|

— -
- Waveform Chart

data

J= e )b ‘

~
Convert from Dynamic Data l Bundle \ @
. &
l =0,

-

ert Celcius to Fahrenheit.vi

Stop Button




i3 Convert Celcius to Fahrenheit.vi Front Panel = =
File Edit View Project Operate Tools Window SQEIECt In pUtS d nd OU -
|l:>|<@| @@I15ptApplication Font |~ ||,';;,v ”'-'ﬁ;v”"ﬂ"“l ED~ o' Su bVI
Acput

Tf

B ) lcon that makes it easier
- | to understand what the
(Control) (Indicator) SubVI is doing

File Edit View Project Operate Tools Window Help
A SubVl is the same as a [&[=] @ [n|[@][e5]|[wa]a .+ [ 15t Application[« 2 [ 2 |

function or a method used
in other languages

9
Tr = g Tc + 32




Datalogging to File

Hans-Petter Halvorsen, M.Sc.



Save Data to File (Datalogging

File 1/O

| 4~ l Q& Search l <, Customize~

Write Spre...

T

Open/Cre...

Write Text...

>}

Build Path

>

TiDMS

TDM Strea...

e

Waveform ...

)

Close File

[rnn]
Format Int...

Read Text ... Write Bina...

Strip Path File Const...

=

Zip

’-----

' & &1 1}

Read Spre... | Write Mea... Read Meas.__. ’
| 5 I . [ |

0 96 0

<= [nonnj
Scan From...

Read Binar...
|

Config Fil...

»

XML

¢!

Adv File F...

0O 0 O

»>

»

> g

> =

»

»

Write To
Measurement
File

>
>

>

Right-click-Properties

Configure Write To Measurement File [Write To Measurement File]

Filename

'Macintosh HD:Users:hansha:Documents:
Data.lvm

=]

Action
@) Save to one file
|:|Ask user to choose file
@) Ask only once

( JAsk each iteration

If a file already exists
O Rename existing file
.\j/,Use next available filename
,\t/,Append to file
émerwrite file

(_)Save to series of files (multiple files)

Settings...

File Description

File Format
eText (LVM)
O Binary (TDMS)

,‘ Binary with XML Header (TDM)
"y Microsoft Excel (.xIsx)

\\g Lock file for faster access
Segment Headers

O One header per segment
O One header only

éNo headers

X Value (Time) Columns
‘\")One column per channel
éOne column only

O Empty time column
Delimiter

eTabulator

O Comma

Advanced...

Recommended Settings

OK l | Cancel | I Help




SMama

Configure Write To Measurement File[[Write To Measurement File]]

Filename

Macintosh HD:Users:hansha:Documents:

Data.lvm

Action

@s) Save to one file

 |Ask user to choose file

(e)Ask only once

Ask each iteration

If a file already exists
/yRename existing file
( - ,Use next available filename
( - Append to file
éOverwrite file

(_)Save to series of files (multiple files)

Settings...

File Description

File Format
@Text (LVM)
/— Binary (TDMS)

: Binary with XML Header (TDM)
yMicrosoft Excel (.xIsx)

o Lock file for faster access

Segment Headers
(,One header per segment

/—,One header only
@No headers

X Value (Time) Columns

,0One column per channel
@One column only

¢ Empty time column

Delimiter
@Tabulator

— Comma

Advanced...

Recommended Settings  « @«



)| Data.lvm - Notepad — Y <
. File Edit Format View Help
atalogging Example [ 5.
©.975883 23.782507
1.973000 23.714294
) ) 2.977028 23.719689
= Datalogging.vi Front Panel — 1= 3.975200 23.719689
File Edit View Project Operate Tools Window Help ] ] 4.976168 23.716991
6.977184 23.774415
~ 7.977247 23.779810
Plot0 [~/ ] 8.976395 23.777113
Wavef Chart L
Sravetorm =he \ 9.976493 23.771718
25- 10.980489 23.763626
z 11.976687 23.771718
3 24.5- 12.980719 23.766323
= 13.982748 23.763626
g 14.983700 23.766323
g - 15.979765 23.763626
’5235‘ 16.977789 23.760928
17.979809 23.760928
e N R N R R T R 18.977904 23.760928
(0] 5 10 15 20 RSy Ti3,:e 35 40 45 50 55 60 19.976963 23.758231
L ) 20.977973 23.755534
Temperature 21.979671 23.755534
( r 22.980054 23.752836
[24.6 | I stop ] 23.979137 23.752836
24.978214 23.750139
— 25.978157 23.747441
26.978513 23.752836




Datalogging Example — Block Diagram

Z y

; ‘ t
Waveform Chart| DAQ Assistant Lgonve,-t from Dynamic Data| emperature
3 e 31 data » =R | fizz’
ﬁo PHistory = -~

aveform Chart|

Write To
Measurement
File
Signals

Stop Button

....................

We will Create this Example and Run the Program



Measurement Filter
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Using a Lowpass Filter to reduce Noise

o[

> [®|[@[n) 925 ua@[2]| 14pt Application Font [+ | o | Ta~ | 6~ [+ap

Fun

(0]

[Noise Amplitude

m-l
5-

‘Frequen

|o>.
5~

>
:
>
v 4 . 4
Simulate Filter -
Signal Lowpass
Sine with Unifor Signal
Freguency Filtered Signal »jpeeseee=
Cut-Off Frequengy] b Lower Cut-Off
;’]1.23&;‘

Lol

milliseconds to wait]

Wait (ms)

[lo——— @

Waveform Chart with Filter]

& |@/[@[ 1| 140t Appi

&l Filter Example2.vi Front Panel

Fort |~ | (B |- | @5 | 69~ = FT=]

Functions palette: Express -> Signal Analysis -> Filter

\

GWe will Create this Example and Run the Program

Frequency
s-
4.5-

4
35-

3.
2.5-

2-
15-

1-2
0.5-

o-

Cut-Off Frequency.

s

Noise.
0.1-

Amplitude Waveform Chart Signal Sine with Uniform Noise [/\/

11

0.8
06-
0.4-

3 02

o
02|

1
Amplitu

0.4
~0.6
~0.8

659919 7725 7.5'7.75 '8 825 85 875 9 925 9.5 9.75 10 10.2510.510.75 11 11.599.

/aveform Chart with Filter Sine with Uniform Noise (Filtered) [/\/’

1

=

0.8+
0.6
0.4
0.2-

o

mplitude

< 02
~0.4|
~0.64

~0.8|

o T TR T TS TU O F TR PO T U N PP U OTOy (R PR RN TP U PRUU NI (PR TRTEURPPIRTRRPRPIN RPN
659919 7 '7.25 7.5 7.75 '8 825 85 875 9 925 9.5 9.75 10 10.2510.510.75 11 11.599




Signal

Signal type

Sine [T

Frequency (Hz) Phase (deg)

10.3 0

Amplitude Offset Duty cycle (%)

+ 0 50

) Add noise
Notretype
Uniform White Noise _:]
Noise amplitude  Seed number Trials
0.6 -1 1

Timing

Samples per second (Hz)

20000 © Simulate acquisition timing

Number of samples Run as fast as possible

2000 Automatic

Integer number of cycles
Actual number of samples
2000

Actual frequency

10.3

Result Preview

Amplitude

Time

Time Stamps
OReIaIive to start of measurement

Absolute (date and time)

Reset Signal
Reset phase, seed, and time stamps

°Use continuous generation

Signal Name
Use signal type name

Signal name
Sine with Uniform Noise

(04 Cancel Help

Properties

Filtering Type

Lowpass ﬁ

Filter Specifications
Cutoff Frequency (Hz)

1500 z

High cutoff frequency (Hz)

400
Finite impulse response (FIR) filter
laps

59

°Infinite impulse response (IIR) filter

Topology
Butterworth [T

Order
1 :

Input Signal
0.6-

5 0.4-
=
= 0.2
g o
_0-2_| I I | |

0

0.02 0.04 0.06 0.08
Time

Result Preview
0.6+

E:::

0-

Amplitude

-0.2-*
Time
View Mode
©Signals Show as spectrum
Transfer function
Scale Mode

Magnitude in dB

Frequency in log

OK Cancel




Thank You!
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