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Clase #7

Voltajes AC: concepto de impedancia

Aplicacion |: Generador de funciones SRS
modelo DS335

Aplicacion 2:Tarjeta de adquisicion NI
USB-6008

Conversion analogica-digital

Uso de SignalExpress




Voltajes AC: concepto de impedancia

® Para estudiar la respuesta estacionaria de un circuito frente a un voltaje
AC de forma sinusiodal, conviene introducir el concepto de impedancia:
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® / es un numero complejo que cuantifica la relacion entre el voltaje y la
corriente a traves de uno o mas elementos en un circuito eléctrico: A
mayor |Z| menos corriente pasa para un voltajeV dado.

® Este numero complejo es una manera ‘“conveniente” de escribir
operadores ya sean diferenciales o simples operadores algebraicos.
Ejemplos:

V = Ve“"t; I = Ie“"t,

N |
cha—w'wv(;:a,
dl . .

VL :LE —>VL :ZWLI,

Ve = RI — Vi = RI.




Aplicacion |: Zicad de Generador de Funciones DS335

® Atencion con indicador sobre impedancia de carga del
generador de funciones!

m%rwono RESEARCH SYSTEMS —— MODEL DS335 == 3 1 MHz SYNTHESIZED FUNCTION GENERATOR

DESPLAY I | ¢, . Ep S (AT A T e e 1 T A T S IR

LOAD WPEDANCE iy b enlinid ~ _ S
START ! ST0P 1 SV RATE = RECA 4 EMOTE
N~ — - - -
- ~ S ertns
{ s e | o (R | S 8 i | e
‘ o e o3 » L A 20 O 2 -
e FREQUENCY SWEEP s, é . 4 S 6 = LPCWEP.-
6‘.“: ;* NE V et o e LOCK - o Py
g ast s100 —
N o ) i 0 1 2 3 v | ' J

El manual dice:

12) Load Impedance LEDs These LEDs indicate the load impedance value as set by the user. The
amplitude and offset display values will change according to the load
impedance setting.

(que significa esto!




Aplicacion 2: Zi, de tarjeta NI USB-6008

® (Cuidado que la impedancia de entrada de la tarjeta de
adquisicion es alta pero no tanto...
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Low-Cost Multifunction DAQ for USB

.gs . OUtRUL LEDG G Qto+5V
Specifications pr— S

. R . Output impedance...........cccoccevevvuunnee. 50 Q
Typical at 25 °C unless otherwise noted. O . =

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

Analog Input POWEF-0N State ... oV
Absolute accuracy, sing|e-ended SIBW Tate....e e 1 V/|JS
N Typical at25 °C (mV) Maximum (0 10 55 °C) (mV) Short-circuit current ..........cccccoeeecnnee. 50 mA
+10 147 138 Digital 1/0
Number of channels............c.cccoueeec... 12 total

i ialt
Absolute accuracy at full scale, differential 8 (P0.<0.75)




Aplicacion 2: Zi, de tarjeta NI USB-6008

® (Cuidado que la impedancia de entrada de la tarjeta de
adquisicion es alta pero no tanto...

Number of channels.........cccccoveeen...

Type of ADC ...cocoveeeee e
ADC resolution (bits)
Module Differential
UUSB-6008 12
UUSB-6009 14

8 single-ended/4 differential
Successive approximation

Single-Ended
"
13

Maximum sampling rate (system dependent)

Module Maximum Sampling Rate (kS/s)
USB-6008 10
USB-6009 48

Input range, single-ended................... £10V

Input range, differential...................... +20, £10, 45, +4, 2.5, +2,

+1.25,£1V

Maximum working voltage.................. £10V

Overvoltage protection ....................... +35V

FIFO buffer Size ... 512 B

Timing resolution .........cccovveceeeceunneeee. 41.67 ns (24 MHz timebase)

T [ o e
Input impedance .............ccoeeeeveeeeenne.

Trigge
SYStEM NOISE.....cveeee e

100 ppm of actual sample rate
144 k
Sortware or external digital trigger

0.3 LSByys (£10 V range)

Compatibility .......ccoiircieiee CMOS, TTL, LVTTL

Internal pull-up resistor .........c.cc........ 47kQto+5V

Power-on state.........cc.ooevveceereceeceene. Input (high impedance)

Absolute maximum voltage range...... -05t0+58V

Digital logic levels
Level Min Max Units
Input low voltage -0.3 08 v
Input high voltage 2.0 5.8 v
Input leakage current - 50 pA
Output low voltage (I = 8.5 mA) - 08 V
Output high voltage (push-pull, | = -8.5 mA) 2.0 35 v
Output high voltage (open-drain, | = -0.6 mA, nominal) 2.0 5.0 V
Output high voltage (open-drain, | = -8.5 mA,
with external pull-up resistor) 2.0 - V

Counter

Number of counters..........c.cccceeeeueenee. 1

Resolution ... 32 bits

Counter measurements...........c.....c..... Edge counting (falling edge)

Pull-up resistor.........cocvevieviicicnne 47kQtobV

Maximum input frequency.................. 5 MHz

Minimum high pulse width................. 100 ns

Minimum low pulse width.................. 100 ns

Input high voltage ...........cccocevevveveeneene. 20V

Input low voltage .........c.cccoveeevveveunnnnee 08V




Aplicacion 2:Z;, de tarjeta NI USB-6008

® (Cuidado que la impedancia de entrada de la tarjeta de
adquisicion es alta pero no tanto...

= ZLin = 144 kOhm.

® Si se usa como medida de voltaje en un circuito de baja
impedancia no hay problema: la corriente seguira pasando por
el circuito de baja impedancia y al conectar la tarjeta de
adquisicion esta perturbara poco el cicuito bajo estudio.

® En cambio, si se usa con un circuito de impedancia comparable
a 144kOhm o mayor, parte importante de la corriente pasara
por la tarjeta de adquisicion: se perturba mucho el circuito
bajo estudio y no se debe usar la tarjeta como una medida no
intrusiva




Conversion analogica-digital

Los instrumentos digitales, tales como el multimetro y el
osciloscopio digital, transforman una senal eléctrica (continua) a un
conjunto de datos (discreto) para que estos sean procesados.

Hay varios parametros importantes:

= La frecuencia de muestreo (también llamada frecuencia de
adquisicion): es la cantidad de muestras por segundo que se
toman de la senal analogica para su conversion digital.

= La cuantificacion de la senal (bits): lo que determina la
diferencia minima entre dos diferencias de voltaje de la senal
digitalizada.




Conversion analogica-digital

® Un instrumento de N bits transforma su escala de medicion en
2N datos posibles de medicion (es decir en 2N - | intervalos).

® Ejemplo I:si el instrumento mide entre O y + 10V, se discretiza la
medida de una cantidad Y segln la funcién

Y- (2N - 1) 10
FITT ( 10 ) 9N _q

Esta funcion redondea al entero mas bajo




Floor[Y*(2N-1)/10]

Conversion analogica-digital

-
o

Floor[Y*(2N-1)/101*10/(2" -1) (V)

Do ¢ resolucion de

..........

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

medida




Conversion analogica-digital

® Ejemplo 2:si el instrumento mide entre -Vimx Y + Vmy, se discretiza
la medida de una cantidad Y segun la funcion

function y = GetBins(a,N,Vmx)

length(a);

y zeros(1l,L);
for j = 1:L,
if a(J)<o0,
y(j) = floor(a(j)/vmx*(2"(N-1)));
else
y(3) = floor(a(j)/vmx*(2"(N-1)-1));
end

end

® Se divide un rango de medida de -B a +B volts en intervalos que
van desde -2N- a + 2N-1 |,




numero en bits

Conversion analogica-digital

Y discretizado con N =4




Conversion analogica-digital

Un instrumento de N bits transforma su escala de medicion en 2N datos

posibles de medicién (es decir en 2N - | intervalos). Se divide un rango de
medida de -B a +B volts en un rango -2N-1 a + 2N-1 |

Senal original continua Conversion con N =2

0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02

©) t(s) (d) t(s)
1f . ‘ ‘ f 1f ‘
S 05 S 05
% 0 % 0
§ -0.5 ‘_E’ -0.5
1t 1t

0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02

t(s) t(s)

Conversion con N = 4 Conversion con N =8
fadq = 10 kHz




Conversion analogica-digital

La frecuencia de muestreo determina el numero de datos a medir por
unidad de tiempo. El inverso de esta frecuencia corresponde al tiempo
entre mediciones.

5
T

voltaje (V)
voltaje (V)

0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02

t (s) t(s)
fadq = 1000 Hz fadqg = 200 Hz
At = 1 ms At = b ms




Conversion analogica-digital

Para lograr una buena medicion se debe usar una frecuencia de adquisicion
bastante mayor que la frecuencia de la senal a medir. En caso contrario se
corre el riesgo de obtener una senal ficticia de baja frecuencia debido al

“submuestreo’ de la senal.
o 10 |
J =50 Hz | ,
0.5 i
- . ) ]
-0.5 \\ |
\ / % \
\ \¢ ) |
0. 08 0. 14 O 16 0. 18 0.2

01 0.12
t(s)

/

voltaje (V)

0 0. 0.04 0. 06

fadq = 60 Hz fadq — 55 56 Hz




SignalExpress

® Programa desarrollado por “National Instruments” que permite
realizar adquisicion de datos y su analisis sin tener que programar

http://www.ni.com/labview/signalexpress/esa/

‘7 NATIONAL "2 cCarro | Ayuda |Buscar »
INSTRUMENTS
(This is not me)
My NI | gieicpiessiconliy ProductosySerwcms m Soporte | NI Developer Zone | Académico m Empresa
NI Home > Producto rv 6n > NI LabVIEW SignalExpress Chile
NI LabVIEW SlgnaIExpress ¢Proguntas? T 55 11 3262 3599

NI LabVIEW SignalExpress
El Poder de LabVIEW - Sin Necesidad de Programar

LabVIEW SignalExpress de National Instruments es un software de medidas interactivo para adquirir, analizar y presentar datos
rapidamente desde cientos de dispositivos e instrumentos de adquisicién de datos sin requerir de programacion.

http://zone.ni.com/wv/app/doc/p/id/wv-325
http://zone.ni.com/devzone/cda/tut/p/id/7037

Videos y demos:




Tarjeta de Adquisicion

Low-Cost Multifunction DAQ for USB

- 0 0000000000900/
NI USB-6008, NI USB-6009

e Small and portable

® 12 or 14-bit input resolution,
atup to 48 kS/s

o Built-in, removable connectors
for easier and more
cost-effective connectivity

e 2true DAC analog outputs
for accurate output signals

12 digital /0 lines (TTL/LVTTL/CMOS)
32-bit event counter

Student kits available

OEM versions available

Operating Systems
¢ Windows 2000/XP
Mac 0S X1

Linux®1

Pocket PC

Win CE

Recommended Software
e |abVIEW
e LabWindows/CVI

Measurement Services
Software (included)

o NI-DAQmx

* Ready-to-run data logger

1Mac 0S X and Linux users need
to download NI-DAQmx Base.

.

ssdsTe_NTINGLS

NATIONAL

Input
Analog Resolution
Product Bus Inputs? (bits)
USB-6003  USB 8 SE/4 DI 14
USB-6008  USB 8 SE/4 DI 12

Max Input
Sampling Rate  Range Analog
(kS/s) v) Outputs
48 +1to+20

10 +1 to+20

Output
Resolution
(bits)

12
12

Output Output Digital
Rate Range /0 32-Bit
(Hz) V) Lines Counter  Trigger
150 Oto5 12 1 Digital
150 Oto5 12 1 Digital

18E = single ended, DI = differential

Ver documento en ucursos para guia n°4




Run the Tutorial first

® Untitled 1 - LabVIEW SignalExpress
Fle Edt WView Tools AddStep DataView Window

LabVIEW SignalExgifess Help...
DAQ Assistant in LabYIEW SignaExpress Help. ..
Getting Started with

QAddStep ¢¥Run ~ = RunOnce (@ Record

.[Montovfﬁe(otd V] 10~

) Open Example.,

(EW
SignalExpress includes
A B Y 1

Patents.,

w that displays

4 About LabVIE
pnd control-level

Welcome to LabVIEW SignalExpress

LabVIEW SignalExpress is an interactive framework for measurement
and automation.

» General Help Topics

The following interactive applications are installed:

w NI LabVIEW SignalExpress

LAbVIEW SignalExpress is interactive measurement software for
acquinng, analyzing, and presenting data without progragyming.

New to LabVIEW SignalExpress?

View a five minute interactive tutorial #3 - View Tutorial

» Getting Started with SignalExpress

SignalExpress Help Topics

EW SignalExpress Built-In Measurements

a View

the output of a
o the Data View
play the output

Ignore the Analysis part
of the Tutorial, but watch
the final part about Excel

The Data View

displays output signals

in graphs, tables, or a
number of other scalar

or Boolean data views

By default, the Data v

' | U
45 S0 SS

590 € 9:01aM




Step #1 - Acquire Signal - Voltage

® Untitled 1 * - LabVIEW SignalExpress

File Edit View To dd Step  Data View Window Help

© Add Step #1 - Ad d Step o T Add Display =0 Dock | % Hide Help

i [ Monitor | Rech I V] ®| DataView |55 Recordng Opbions | 22 Connection Diagram | | Project Documentation (FBack | B A
’

How do I get
help?

LabVIEW
SignalExpress includes

Al Acquire Signals o thet dplays
= DAQmx Acquire holo.

= Acqure Signals

5 Ansog Irput Analog Input ot feedback
2 Voltage

*

Temperature

Stran
Current
Resistance

Frequency

T ET R

Positior

Q Acceder ation

9 Custom Vokage with Exctation i
0 Sound Pressure B

«

#  Counter Input .
Data View
¥ Dightal Input Drag the output of a
H  Generate Signals step to the Data View
to display the output
value

The Data View
displays output signals
n graphs, tables, or a

) | ' ' [ | |

L : ' ' | | ' ) 1 | | 1 | |

0 S 10 1S 20 25 30 35 40 45 SO S5 60 65 70 75 60 85 90 95 100 number of other scalar

+ or Boolean data views

By default, the Data v

4 Start ® uUntitied 1 * - LabVIE 9 Ry ®

s 2w by w &




Step #2 — Add Channels to Task

® Add Channels To Task

W Physical

Should be

Suypported Physical Channels
Devl (PCI-6221)

Dev1 (PCI-6221)

Click one or both
channels a0 and a1

ai2

ai3
ai4
ais
ai6
ai7
aig
a9
ailo
aill
ai12
. @il3 =

N

<Ctrl> or <Shift > click to select multiple channels,

Location To Add Channels
|End of the scan v




Step #3 — Configuration

® Untitled 1 * - LabVIEW SignalExpress
Fle Edit View Tools AddStep Window Hebp

QAddStep g¥Run ~ wpRunOnce (@ Record 4 = =8 Dock | ¥ Hide Help
.I Monitor | Record ‘ﬂ S8 Step Setup » DataView | 55 Recording Options | £ Connection Diagram | |_] Project Documentation gBack I _’ajﬁj
1= - - - - - -
g Measuring
DAQmx Acquire g 0- Voltage
Anadlog Input ATy ' ' ' ' ' 1 ' ' ' 1 ' ' ' 1 ' ' ' | ' ' Most measurement
0 SOm 100m 200m 300en 400m S00m 600m 700m BO0m S00m 1 - devices are designed
for measuring, or
pout v reading, voltage. Two
commen voltage
ee——— measurements are DC
Configuration | Triggering = Advanced Timing ~ Execution Control and AC.
DC voltages are useful
Channel Settings for measuring
@ Show Detaks @J“ Voltage Input Setup
- Vol . .
L Tt e | Will usually
Dev1jail Signal Lary,
] ;:axlro.:t Par;ew ST |eave these
Volts v
T at defaults
voltage.
Terminal Configuration
Differential v
Cick the Add Channels button L
(+1 to add move channels to Custom Scaling gl ﬂ
T [ closcae>  w| [P
hod / mples To Read . _
Timing Settings
ooy —— : Set number of
ide Celaes - i amples and rate
Bis TN
3 Snapshots




Step #4 — Run or Run Once

® Untitled 1 * - LabVIEW SignalExpress

" Dock

%/ Hide Help
| 2l al

Small graph of dat:
should appear her

asuring, or
g, voltage. Two
on yoltage

I» @ [0 Volage

| Configuration ' Triggering  Advanced Timing | Execution Control

DC voltages are useful

Channel Settings for measuring

[ phenomena that

@ Show Datals @l“ Voltage Input Setup change slowly with
time, such as

(= Vokage mSottlngs ’ @'\ Calbration temperature, pressure,

Devl/al or strain.

Dev1/ail Signal Input Range AC voltages, on the

[ Scaled Urits other hand, are
Max | 10 waveforms that

[ Volts v constantly Iincrease,
"hl ']0. decrease, and reverse
polarity, Most
powerlines deliver AC
voltage.

Terminal Configuration

Click the Add Channels button Differential v
(+/ to add move channels to Custom Scaling EI _3_]
b ‘ <No Scale> v | ﬂ

D ) Context Help

This window displays
Timing Settings context-sensitive help.
Idle Acquisition Mode Samples to Read Rate (Hz) Move the cursor over a

|Continuous Samples ’100 1k ‘ control or indicator for
' more information

) Logs about it.
@ Snapshots

<




Step #5 — Graph View

® Untitled 1 * - LabVIEW SignalExpress
Fle Edit View Tools AddStep DataView Window Help

0 Add Step Q Run ~ = Run Once e Record ¢ o d Display 8 pod Y Hide Help

@ et V]| s wies 0w &7 #9 _ Click Graph View G| 94l

28~

Measuring

T DAOmx Acquire ‘ ik Voltage

Anziog Input
Most measurement

s #3 — Drag into
saom- Graph & release

] 1
0 20m 40m &0m 80m 99.014m

2@ 08 C S5




Step #6 — Create Snapshot of collected data

® Untitled 1 %

rie I #1 - Edit Hep
o Work "Trecord & 2 T Add Display = Dock | % Hide Help
e Run Coi+R LL
- w Run Once Cri+Shift+R  Bp Setup i Data View 5‘;'. Recordng Opbons /4 Cornection Diagram | |_) Project Documentation ’ﬂaack E i
— 9 6=
— B
{.’ oz , | 55° Create Snapshot
Copy » 2
s , Signals to include s
X Ooktoscectedsmn) 0l | 4 Sl 3 vokace #3 — Select items
3s-
¥) Undo: Delete Snapshot  (trkeZ -
3
. 25-
Create Snapshot... CtrShiftsT
12 : : #2 — Create Snapshot
Repeat Last Snapshot CorkseT
4 Resetal a
r—— S00M -
8 o
2 _s00m-
= [ Select all ] [ Select None ]
1.5-
= Name | 12/19/2007 : 2:41:43 PM
25- ,
o Description = ¥
-35-
=i f a
View
ot Select the signals to include in the snapshot. The current value put
Idle 5- of each signal will be saved and can be used for further
55- processing or display.
2 Logs gnals
@ Snapshots .
#5 — Snapshots will appear here
Creates a new Signal Snapshot L

htled - Pa ?




® Untitled 1 * - LabVIEW SignalExpress

Fle E&

Q Add Step

oplm

* w=§ Run Once

. [ Monitor | Record v

|

DAQmx Acquire

Anslog Input

| T E__'_ Voltage

View Tools AddStep DataView Window Help

@ Record o T Add Display

5'3 Step Setup (=] Data View '-'« Connection Diagram

2.8~

#1 — Right Click in Graph

1.4 Visible Items

Data View

NN

You can drag
Snapshots onto
Graph as well

F—

‘4 Start ® uUntitled 1 *

8 Dock | 9 Hide Help
(FBach ) IP
Measuring
Voltage

SASMSMEnts are

and AC

~ - sof
OC voltages are usefu
for measuring
phenomena that

change siowly with

Signals
#2 — Export to Export To ) Microsoft Excel
i View Clipboard (Text)
200m - ' [
Plot Order...
0-
v % Scale
400m =

¥ Scale
Time Stamp

View As

Properties. ..

1 1
80m 99.014n

"% My Pictures "D SEXTUENG " untiled - Part

- v
O‘ v
A
Data View
Drag the output of a
step to the Data View
o display the U
value
The Data View
Jisplays ut signa
n graphs, tables ]
umbe the ala
or Boolean data vie
By default, the Data v

LI

13 @ 0 (254




Step #6 — Create Snapshot of collected data

® Untitled 1 %

rie I #1 - Edit Hep
o Work "Trecord & 2 T Add Display = Dock | % Hide Help
e Run Coi+R LL
- w Run Once Cri+Shift+R  Bp Setup i Data View 5‘;'. Recordng Opbons /4 Cornection Diagram | |_) Project Documentation ’ﬂaack E i
— 9 6=
— B
{.’ oz , | 55° Create Snapshot
Copy » 2
s , Signals to include s
X Ooktoscectedsmn) 0l | 4 Sl 3 vokace #3 — Select items
3s-
¥) Undo: Delete Snapshot  (trkeZ -
3
. 25-
Create Snapshot... CtrShiftsT
12 : : #2 — Create Snapshot
Repeat Last Snapshot CorkseT
4 Resetal a
r—— S00M -
8 o
2 _s00m-
= [ Select all ] [ Select None ]
1.5-
= Name | 12/19/2007 : 2:41:43 PM
25- ,
o Description = ¥
-35-
=i f a
View
ot Select the signals to include in the snapshot. The current value put
Idle 5- of each signal will be saved and can be used for further
55- processing or display.
2 Logs gnals
@ Snapshots .
#5 — Snapshots will appear here
Creates a new Signal Snapshot L

htled - Pa ?




® Graph Properties

Graph Properties

Colors
Line
Pointfill

Fill to

<none>

‘. Plots | Scales | Cursors |
Yoltage - Devl_ait v }
l_l =+ | Znone > Lo
o e T o e o o %
----- o = ® a

— ._f‘r—l

o s - + - J.rL

——m— — x ¥ Y a ‘J-"l
Y-scale Voltage (V) (¥-Axis) v l
X-scale |Time (s) (X-Axis) v]

v

C o

® Graph Properties

Plots | Scales | Cursors

§Voltage (V) (Y-Axis) v
Name |Yoltage (V)
Show scale label [JAutoscale
Show scale Minimum | -6.00 J
[Log Maximum |6.00 }
[[inverted Scaling Factors
Offset 0.00
Multiplier | 1.00 1
-Scale Style and Colors Grid Style and Colors
Major tick
o= W e B Major arid
0s- Minor tick
0.0- . . Minor arid
. Marker text




