Low Cost Data Acquisition Setup for Electrical Machines Laboratory
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Abstract- This paper describes the hardware and the software for data acquisition parameters, which
is used in the Electrical Machines Laboratory. The hardware consists in a LEM board and a low cost
data acquisition module. The main software is developed in LabVIEW. A simple Matlab sample is also
presented.

l. Introduction

DAQ hardware without software is of little use and without proper controls the hardware can be very

difficult to program. The purpose of having appropriate software is the following:

Acquire data at specified sampling rate

e Acquire data in the background while processing in foreground

e Stream data to and from disk

e Integrate different DAQ boards in a computer and use various functions of a DAQ board from a
single user interface.

In the figure 1 a complete DAQ system with LabVIEW is shown. The driver software is a lower level

driver that interfaces LabVIEW software with the DAQ boards.

LabVIEW is a graphical programming language that uses icons instead of lines of text to create

applications. In contrast to text-based programming languages, where instructions determine program

execution, LabVIEW uses dataflow programming, where the flow of data determines execution. In

LabVIEW, you build a user interface by using a set of tools and objects.

As a user of LabVIEW one does not have to worry about configuration and control of components

within DAQ boards. LabVIEW identifies each board by a device number and therefore one can have as

many devices as many as the computer can accept on their expansion slots. LabVIEW can also

combine and display inputs from various sources like inputs from serial and parallel port, data

acquisition boards, and GPIB boards on a single interface as shown in the figure below.

LabVIEW is programmed with set of icons that represents controls and functions, available in the

menu of the software. Such a programming is called visual programming and National Instruments

calls it G. The user interface which is called a VI consists of two parts: a front panel and a block-

diagram. This is similar to that of an instrument where a front panel is used for an input, output

controls, and to display the data whereas the circuit resides on the circuit board. Similarly you can

bring the buttons, indicators and graphing and display functions on the front panel.

One can configure a VI to include functions and graphs that are fully customizable. When data

acquisition is performed, the software needs to know the following information:

e Device number

e Channel that is being used

e Sampling Rate

Often LabVIEW is used to perform system simulations, since it contains many commonly used filter,

digital signal processing, and statistical functions. LabVIEW compiles almost as fast as C or Matlab

and therefore one can perform complete simulation within a VI. In addition to data input output,

LabVIEW can access serial ports, parallel ports and GPIB cards to read data from instruments that have

a GPIB interface.

I1. Hardware setup

The data acquisition system which use the software developed in the electrical machines laboratory and
which is described in this paper consists in;
» a PC equipped with a low cost data acquisition board from National Instruments and
LabVIEW software
» an 6 channels interface board built with voltage and current transducers.



The block diagram of the data acquisition system is a classic one, presented by National Instruments
(Figure 1).
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Figure 1. Scheme of a data acquisition system [5]

Generally, a DAQ board can perform a variety of functions—analog-to-digital (A/D) conversion,
digital-to-analog (D/A) conversion, digital input/output (1/0), and counter/timer operations. Each board
supports different data acquisition and signal generation speeds. For the DAQ board used in this
system, only analog inputs channels are considered.

When measuring analog signals with a DAQ board, you must consider the following factors that affect
the digitized signal quality: mode (single-ended and differential inputs), resolution, range, sampling
rate, accuracy, and noise.

There are two ways to configure the analog inputs: single-ended and differential.

Single-ended inputs are all referenced to a common ground point. Use these inputs when the input
signals are high level (greater than 1 V), the leads from the signal source to the analog input hardware
are short (less than 15 ft.), and all input signals share a common ground reference. If the signals do not
meet these criteria, use differential inputs. In this system, the analog-inputs are configured as single-
ended.
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Figure 2. The block diagram of the signal conditioning module
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Figure 3. Top and inside view of the NI USB-6009 data acquisition module

Figure 2 presents the block diagram of the signal conditioning module. Mainly, it consists in three
current transducers and three voltage transducers, calibrated for the desired range of current and
voltage respectively. The data acquisition which is used in this experimental setup is a low-cost one,
which is presented in figure 3.

After the installation and testing of the USB-6009 module, it must be configured in MAX. One has to
create tasks for the analog input and the analog output operations. A task represents the configuration
of the signal input or signal output operation to be executed by the I/O device. Creating tasks is a
general feature of the MAX utility. In general, a task can contain one or more global or local virtual
channels, and one such virtual channel is based on one physical channel.

The MAX test panel is presented in figure 4.
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Figure 4. The MAX test panel

Using this setup, three currents and three voltages can be acquired.



Il. LabVIEW software description

The software which is presented in this paragraph is performed in LabVIEW. Figure 5 presents the
main front panel of the described software. As can be seen, the software can operate in two different
modes: simulation and acquisition. For each of these two modes, single acquisition and continuous
acquisition is possible.

In the simulation mode, the user can impose his own parameters regarding the peak voltage (Umax),
frequency, currents (l¢, le), speed and excitation voltage (Ue). Also the program allows to the user to
impose a noise which adds to all signals. The noise is set as percent from the ideal signal.

Daq_sim_EM.vi Front Panel
File Edit ©Operate Tools Browse Window Help

||.{> 1@1 i ':,IE | 13pt Application Font - |

Simulation Parameters|

[ -][45-]

DOMAINS DOMAINS
: I CONFIG RESET S
Samples/period| Urnax| Frequency| | J | le2
5 4 &
F500 B11.13 Eo
!14 ﬂé il Eon !l T Single| Continous T—_—
b f period | '
Number of periods ﬂm Pariod Speed| .E a0 240,0
| et | pozooo | ¥500.00 ‘
Total samples| i e el voLTAGE| pooooo |
foo 4 :
12.00 Seitn
1 sbic | Ghooo | Simulation iy ) B e
HE % n.o(/AA\l\s.o
G | 1 1 1 E
Samples/period ach| =I;re uency ach : Acquisition CURRENT] M
Bo0 L -
Eg channel config E
£IF'enou:ls ach Total samples ach| Samplesésec| E 11 sampling inkervale|  current time
= 1200 15000

“heo | B

Acquisition Parameters| P boskdieontig 1 T 1 TOT FEF o) 10 |

=l
il Average walues
| || || || | || | file name
0l 1| £] H ql S| cos fi Tex Iel Ie? Pal_med

n|
.00 ft.o0 | E0,00 Biz.17 |||Bs.z5 Ezo.0z b964 b Foooo |(Soioo | [Booo |
.00 oo |(Ress  ||Eifes ||[Eoes | [Etsse |(oose b.00 b.00 .00 0,00

.00 ft.oo En.00 P11.45 ||[(B0.66 P19.98 | pel |||b.oo .00 0.00 .00
.00 0,00 0,00 b35.07 |[[173.64 ||[B59.99 | 0,000 ||u.uu 0.00 0.00 0,00
160.0- Scaling Y2
4 &
140,07 x| 71 ¥2| /100,00
5 Tirmp & | Tirnp || Timp [
120.0- Ua Ua Ua
H Ia Ia Ia
100.0~ Ub b b
iz} ¥ 1b | b i

50,0 Plaot 0
= Plat 1
£0.0-

- [ | 2+

L —
O0:00:00,000  O0:00:00,020  00:00:00.040  on:a0:00.060  ooomsad [UDE Y| )

Figure 5. The main front panel of the LabVIEW data acquisition software
IV. Matlab software example
One of the advantages of the most National Instruments boards is this that they can be also used with

the Matlab software. This is an advantage because the students are not obliged to know LabVIEW
programming. A simple sample of such a program, written in Matlab is presented below:



ai=analoginput ('nidag', 'Devl');

hannel (ai,0:2);

=Rate',10000);

start(ai);
data=getdata(ai);

for i=l:x
datal (i,l)=data(i,1);
dataZ(i,1l)=data(i,2);
data3(i,l)=data(i,3);
end
a=1.35;
for i=1l:x
dataZ (i,1)=(a+datza(1i,2))*1370;
datal(i,l)=({a+data(i, 1)) *5;
data3(i,1l)=(a+data(i,3))*80;
end

subplot(3,1,1); plot{datal)
subplot(3,1,2); plot{dataZ)
subplet(3,1,3); ploti{data3)

delete(ai);
clear (al);

This program acquires three parameters: current, speed and voltage for a period of one second, from an
asynchronous machine fed by a voltage source inverter.
The results for the transient starting process are presented in figure 6.
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Figure 6. The starting of an asynchronous machine recorded by the Matlab software



V. Conclusions

This purpose of this experimental setup in association with the appropriate LabVIEW/Matlab software
presented in this paper is especially destinated to be used for testing of electrical machines. This
software is useful for the Electrical Machines Laboratory in University, and also for industrial use, in
Electrical Machines factory.

The simulation feature which is included in the main LabVIEW program is also useful for the student’s
practices. The facilities in the simulation mode are the same as in acquisition mode.

There are the possibilities to continuous develop this software, to be adapted to various transducer
boards and to calculate and display various parameters.
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