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Abstract

This project aim to use alternative and powerful way to design and implement
experiments in electrical circuit lab in PPU university, using new technology to
measure, acquire, manipulate and display data, as well as to generate signals through
the use of a "Data Acquisition board" and use new programming language called
LabVIEW which is graphical programming language that means there is no text based

code compare with other programming language.
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1.1 Introduction

Computer based learning has become an important part of education systems. It

provides animation and interactive processes that are not possible with textbooks.
ave gone through a number of changes.
d use of technology. Professors now

frequently deliver instruction with the aid of computers rather than through the traditional

In recent years, teaching methods h

Significant among these changes is an increase

Jecture approach. Students sometimes access and complete homework over the Internet, as

computers easily grade the fill-in-the-blank or multiple-choice format questions. The next

| step is to use computers to teach the lab section of a class. Students can use

logica
-world signals, perform advanced analysis and present the results.

computers to acquire real
a limited number of instructors have made use of this technology, in part
nal hands-

However, only
because of the perception that the use of computers will compromise the traditio

on focus of the lab. In reality, students will still be required to set up the experiment. They

can use computers to “speed up” manual measurements made in the lab, thus allowing them

to collect more real-world data than what was possible by hand. This will leave students

with time to delve into a more detailed and complex analysis of the concepts addressed by
the lab. The use of computers also allow

to monitor and control experiments OVer

s students who do not have access to a physical lab
the Internet. The networking capability of

computers allows “virtual” access to a real-world lab by students at a remote location,

facilitating distance learning. These students can also use a computer simulation of an

experiment as a pre-lab assignment, thus allowing them to have a better understanding of

the behavior of the experiment [1].

Virtual laboratory experiments are practical and effective educational tools. They

may be used to allow students a more comprehensive, flexible experience and to prepare

erformance. The benefits include cost effectiveness and

students for actual laboratory p

convenience. With a virtual simulation,

a procedure can be repeated without cost of
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materials and labor, damage on equipment, Or loss of class time. Also, multiple equipment

~,) stations are not needed, lengthy experimental setups are avoided, and one-time or remote
A\q\ﬁeld tests are facilitated. With a virtual laboratory, the student users control the pace,

frequency, and time of the experiment. Also, distance learners can participate [2].

Computer-based measurement can reduce certain drawbacks of labs such as the

need to manually record, analyze, and display data in a report. It is also important to enable

draseies

students at a remote location to access to experiments that were unavailable before due to

ry resources. LabVIEW is a tool that offers all of these features today. Easy

s, lack of laborato
B 1o program, LabVIEW allows both real-time connectivity to and simulation of existing labs
[3]-

National Instruments LabVIEW:

LabVIEW is a graphical programming language based on the concept of data flow

programming. Many engineers and scientists in industry and academia have adopted

LabVIEW for data acquisition and instrument contr
irtual Instruments). LabVIEW has VIs for data acquisition, data

a acquisition VIs allows you to

ol applications. Functions in LabVIEW

are referred to as VIs (
analysis, and data visualization and presentation. The dat
e data from a real-world source. Consider an experimental setup in which you

acquir
to one of the channels of a

connect a thermocouple, measuring the temperature of the room,

data acquisition board. You can use one of the data acquisitions VIs to acquire the

temperature signal and then easily connect it to a graph to visualize the temperature

readings. You can also perform calculations on the data using VIs such as the Mean and

Standard DéViation. LabVIEW also
@2y
allow distribution of experiments over a

machine, which runs LabVIEW and Vs for different labs, to act as the server. Students can
other computer connected to the

provides tools such as the VI Server and Data Socketto |

network of computers. The VI Server allows one

access experiments from their home computer or any
network. Their computers, which need not have LabVIEW installed, will have standalone :




executables that connect to the server using the TCP protocol and run the requested VI.

Students can control the experimental setup from their computers and analyze the results

[4].
1.2 Project Importance

This project aim to use an alternative and powerful way to design and

implementing experiments in electrical circuit lab in PPU university, using new technology

to measure, acquire, manipulate and display data, as well as to generate signals through the

use of a "Data Acquisition board". The lab will illustrate that the integration of computers
aim for expanding the learning for students in the laboratories, they

they will have additional time to access the

and electronics. Also,

will get to work in smaller work-groups,
the computerized data acquisition will eliminate slow and cumbersome methods

and the students will be able to see the basic engineering
details. So the students will take

equipment,
of collecting some of the data,
principles and phenomena displayed with less procedural

the result for any experiment directly from computer.




1.3 Literature Review

There are many project design under the title Computer based Learning with LabVIEW

such that:

4 The virtﬁal laboratory, refer to Johns Hopkins is an example of use this type of

technology. This project was designed to introduce students to experimentation,
problem solving, data gathering, and scientific interpretation early in their careers--

perhaps as high school seniors. They used java to implement all experiments in this

project in JAVA and are fully interactive [5].

other project refer to Jim Henry, Ph.D., P.E. who design the Implementation of

Practical Control Systems , in University of Tennessee at Chattanooga, This

project describes six computer-based systems for data acquisition and control that

have been installed in an engineering laboratory used to teach classical control

techniques. The engineering parameters that are the subjects of the various control

stations are speed, pressure, flow, position,
single-input, single-output system and each

liquid level, and temperature. Each

engineering system is a non-linear,
system has one or more externally applied disturbance parameters. All systems have

data acquisition and control programs with an operating interface which simulates a

traditional analog process controller. The programs are used by students for

parameter identification of the various systems and then used to tune the controller

action (proportional and/or integral actions). Results of step response and frequency

response experiments are used for system identification and design the systems are

implemented with LabVIEW [6].

The Educational Laboratory Virtual Instrumentation Suite (ELVIS)

Laboratory Development project, At Iowa State University refer to FACULTY
ADVISORS, PROF. Mani Mina,Prof. Diane Rover was the other example of this




title. The ELVIS system has been designed to consolidate a variety of instruments

into one functionally equivalent system and to provide a means of automatic data
acquisition [7].

. Jim Henry, Ph.D., P.E.Professor, Chemical and Environmental Engineering,
College of Engineering and Computer Science University of Tennessee at

Chattanooga, TN 37403, USA was design engineering systems laboratory at UTC
has been made project The hardware consists of distributed desktop computers

connected to a variety of engineering laboratory equipment. The software is all

implemented with LabVIEW [8].



1.4 Project Estimated Cost

1.4.1 Hardware Components Estimated Cost

Table 1.1 Hardware Components Estimated Cost

DAC board
connecter block 70

cable 112.5
PC Pentium (4) 2400MHz, 256 MB 1000
RAM, 40 GB HDD
Total cost - 17325

1.4.2 Software Components Estimated Cost

Table 1.2 Software Components Estimated Cost

TR

LabVIEW programming language
Windows XP 100
Total cost 1000

1.4.3 Total Estimated Cost

Total estimated cost = cost of Hardware components + cost of Software components
+ Unexpected cost
= 1732.5 + 1000 +100 = 2832.5%



1.4 Project Estimated Cost

1.4.1 Hardware Components Estimated Cost

Table 1.1 Hardware Components Estimated Cost

Component Estimated cost (§)
1- | DAC board 550
2- | connecter block 70
3- | cable 1125
‘5- PC Pentium (4) 2400MHz, 256 MB 1000
| RAM, 40 GB HDD
Total cost 175255

1.4.2 Software Components Estimated Cost

Table 1.2 Software Components Estimated Cost

Component Estimated cost ($)
1- LabVIEFWFprogramming language 900 -
2- | Windows XP 100
Total cost 1000

1.4.3 Total Estimated Cost

Total estimated cost = cost of Hardware components + cost of Software components

=1732.5 + 1000 = 2732.5$%

1.5 Time plan




1.5 Time plan

Table 1.3 Time Plan

weeks

Tasks

Data gathering

learn the lab
view software
and data
analysis

5/6/7(8|9

10

11

12

13

15

16

17

20

21

22

23

24

25

26

21

28

29

30

3

32

i B

Design

Implementation

Testing

Documentation s




1.6 Project Contents

Report consists of seven chapters; the following is a brief description of the topics

that are covered in each chapter.

Chapterl:

General idea about the project provides a brief introduction to LabVIEW and definitions

about computer based learning and virtual lab. Also, provide the importance of the project,

literature review and time plan.

Chapter2:

Introduces and illustrates the idea of the project, describes the components used in the
project, software component (LabVIEW), and hardware components (DAQ card and

connecter).

Chapter 3:

Details the design concepts, introduces project objectives, shows the general block diagram

of the system and explains how system works.

Chapter4:

Contain details about all components in our project and that is show in block diagrams,

Outlines formal procedure for design, discuss design options and justify those chosen for

the project.
Chapter 5:

Provides flow charts describing how the system works, and detailed of the flow charts.



Chapter 6:

Details the methods used for implementing the experiments in the electrical circuit lab, and

the different procedures for testing it.

Chapter 7:

Gives the conclusions after applying the system, and suggestion for the future work.

10



CHAPTER TWO
THEORETICAL BACKGROUND

2.1 Introduction

2.2 Project Components

11



2.1 Introduction

This chapter focuses on theoretical subjects related to the main idea of the project,
and information about the software component "LabVIEW "and hardware component

"DAQ card" used in the project.
2.2 Project components

2.2.1 Software Component

4+ LabVIEW Software:

LabVIEW (Laboratory Virtual Instrument Engineering Workbench) was first
released in 1986 by National Instruments. It was originally for Macintosh only, but now has

versions for Windows, and Linux. LabVIEW is a program used to automate testing and

data gathering.

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. The user can set up the program to manipulate and

store data.

\ \

LabVIEW is a revolutionary graphical development environment with built-in
functionality for data acquisition, instrument control, measurement analysis, and data

presentation. LabVIEW gives the flexibility of a powerful programming language without

the complexity of traditional development environments [9].

12



LabVIEW has Integration with Thousands of Instruments and Measurement

Devices and delivered connectivity with measurement hardware, so you can quickly
configure and use virtually any measurement device, including everything from stand-alone
instruments to plug-in data acquisition devices, motion controllers image, LabVIEW has

open connectivity with Other Applications and furthermore.

LabVIEW can allow you to connect to other applications and share data through the
Web, shared libraries, SQL, TCP/IP, XML, wireless communication and other methods.

LabVIEW has been widely used in scientific and engineering practice for a wide

range of control applications, measurement at minimal cost.

Introduction to Virtual Instruments

LabVIEW programs are called virtual instruments, or VIs, because their appearance
and operation imitate physical instruments, such as oscilloscopes and multimeters. Every

VI uses functions that manipulate input from the user interface or other sources and display

that information or move it to other files or other computers.

A VI contains the following three components:

o Front panel: Serves as the user interface.

o Block diagram: contains the graphical source code that defines the functionality of

the VI.
Jcon and connector pane: identifies the interface to the VI so VI can use in another

VI. A VI within another VI is called 2 subVI. A subVI corresponds to a subroutine

in text-based programming languages.

13




< Front panel: is the user interface of the VI. Front panel contain two

components controls and indicators, which are the interactive input and output
terminals of the VI, respectively. Controls are knobs, push buttons, dials, and
other input devices. Indicators are graphs, LEDs, and other displays. Controls
simulate instrument input devices and supply data to the block diagram of the
VI. Indicators simulate instrument output devices and display data the block

diagram acquires or generates.

Figure 2.2 Digital Indicator

Indicators = Outputs to the user = Destination

14




% Block diagram :window holds the graphical source code of a LabVIEW
Whe.r? Front panel objects appear as terminals on the block diagram.
Additionally, the block diagram contains functions and structures from built-in
LabVIEW VI libraries. Wires connect each of the nodes on the block diagram,

including control and indicator terminals, functions, and structures.

He Edt Operste Tools Prowse Window Hep

::?_:ﬂ@@[iq]@-i—.g—|13ptabprnc$&m'ﬁont §||gn.|[—_u;, | : ; i

4

e

D——==b:01{]

Qi i Mol s>

e

Figure 2.3 Function Source Code
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< Icon and Connector:

, RT emp }

leon

* An icon represents a Vi in other

block diagrams
Terminals
* A connector shows available |

terminals for data transfer ' ‘

Connector

Figure 2.4 Icons and Connector
e Icon: is a graphical representation of a VI. It can contain text, images, or a

combination of both.

e Connector: shows terminals available for transfer or data to and from the subVI.

Relationship between control panel and block diagram:

When you place a control
]E)CX Iz;]r;gicator) on the FRONT : s =

LabVIEW automatically creates a
, corresponding control (or indicator)
terminal on the BLOCK DIAGRAM

Figure 2.5 Relationships between Control Panel and Block Diagram

16
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Why Use LabVIEW

LabVIEW is an easy-to-use, interactive, so students can write sophisticated programs
and applications in a shorter amount of time without needing a computer science degree. In
addition, teaching LabVIEW has the following benefits:

o LabVIEW provides open connectivity with other programs such as matlab, Excel,
and more.

o LabVIEW is easy to learn and use so you can focus more of your time on teaching
theory, and less on teaching programming.

e LabVIEW is widely used in industry, employable skill for students to learn.

2.2.2 Hardware Component

4+ Data Acquisition (DAQ):

DAQ is an abbreviation for data acquisition. Therefore a DAQ card is a basic A/D

converter coupled with an interface that allows a personal computer to control the actions

of the A/D, as well as to capture the digital output information from the converter. A DAQ

*  card is designed to plug directly into a personal computer's bus. All the power required for

-

. bus.

the A/D converter and associated interface components is obtained directly from the PC

| re than a simple A/D function on a board. A data acquisition

DAQ card today is mo ; ;
nts of up to 68 channels at a resolution of 16 bits, with data

card can offer measureme
00KS/second. A data acquisition card ¢
rters for outputting analog

an often include discrete
throughput rates up to 2

digital bi-directional /O
signals for control applications [10]-

lines, counter timers, and D/A conve

17




LULRRRR OF 632 oot

cable
conneckor

LocaI*Bus Ennection
8 L N

EaSTlanacy

Data :
Acquisition i
board expansion

Figure 2.6 Data Acquisition (DAQ)

High-performance DAQ card will work in a very wide range of test and

measurement, and control applications. Combined with powerful software, DAQ cards will

uter into powerful measurement system that may be used to automate

turn a personal comp
itor and control production equipment or be

experiments, construct product test stands, mon

embedded in products ranging from medical monitoring systems to automobile test

simulators.

DAQ card converts analog signals into 2 digital output form, which can be

manipulated with software. Using software in conjunction with a personal computer, analog

data can be displayed, logged, charted, graphed, or stored in memory as needed.

18
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Data Acquisition Terminology:

e Resolution:

When acquiring data.to a computer, an Analog-to-Digital Converter (ADC) takes an
analog signal and turns it into a binary number. Therefore, each binary number from the
ADC represents a certain voltage level. The ADC returns the highest possible level
without going over the actual voltage level of the analog signal. Resolution refers to the

number of binary levels the ADC can use to represent a signal.

e Range:

The range of the ADC is selectable. Most DAQ devices offer a range from 0 - +10
or -10 to +10. The range is chosen when you configure your device in NI-DAQ. The
resolution of the ADC will be spread over whatever range you choose. The larger the
range, the more spread out your resolution will be, and you will get a worse

representation of your signal. Thus it is important to pick your range to properly fit your

input signal.

e Gain:
Gain refers to any amplifi
scaling factor. Each voltage level on your incoming signal is multiplied by the gain

cation or attenuation of a signal. The gain setting is a

setting to achieve the amplified or attenuated signal. Unlike resolution that is a fixed

setting of the ADC, and range that is chosen when the DAQ device is configured, the
gain-is specified indirectly through a setting called input limits. Input limits refer to the
minimﬁm and maximum values of your actual analog input signal. Based on the input

limits you set, the largest possible gain is applied to your signal that will keep the signal
within the chosen range of the ADC. So instead of needing to calculate the best gain

based on your signal and the chosen range, all you need to know is the minimu

maximum values of your signal.

m and
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NI PCI-6034E DAQ Card:

The National Instruments PCI-6034E data acquisition board is the heart of the
system and is part of NI's E series of multifunction DAQ boards. It offers 16-bit resolution
capability at a reasonable cost. Included with the board is the NI-DAQ software. This
software is specifically designed to quickiy install devices and begin data measurement.
This easy-to-use software integrates the full functionality of DAQ hardware to LabVIEW,
Lab Windows, and Measurement Studio for Visual Basic. Bundled with NI-DAQ is the
Measurement & Automation Explorer utility program. This addition further simplifies the
configuration of measurement hardware with device test panels, interactive measurements,
scaled I/O channels and numerous example programs for LabVIEW and other application
development environments. The NI PCI-6034E is connected to the connecter Block by a

shielded 2m cable. This cable is terminated with two 68-pin female D-type connectors and

is specially designed to reduce crosstalk with high-speed devices [11]. ’

Note: In this project NI PCI-6034 will be used which is available in the laboratory, and
compatible with LabVIEW software.

Figure 2.7 NI PCI-6034E
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NI PCI-6034E DAQ Card Features:

8 digital I/O lines.

16 channels as analog signal.

e 68 pin connecter.

Sampling rate is 200kS/s.

Two 24-bit counters.
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Data Transfers to the Computer

There are several ways in which the data can be exchanged between instruments

and a computer.

One of this ways used to measure signals and transfer the data into a computer is by
using a Data Acquisition board. A typical commercial DAQ card contains ADC and DAC
that allows input and output of analog and digital signals in addition to digital input/output

channels.

Typically, DAQ boards are installed in a PC with high speed data bus like PCI.
Depending on the speed of the motherboard of the PC, the maximum data transfers can
occur between microprocessor and memory at 20 MHz to 40 MHz. To improve the data

transfers, bus mastering (allowing DAQ board to transfer data directly) is implemented as

shown below in figure 2.10(a) and 2.10(b) [12].

PGt Data Acjuisition WITHOUT Bus Mastering

©Netlonal Instruments :

. Teanglerio RAM o
contraled Uy 3
TECIOPILCESSH o

Mastering (Conventional)

Figure 2.9(a) Data Transfer Without Bus
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Data Acquisition WITH Eﬁé:ﬂasterihgl
N

L DiestioRAN - NG
- o microprogasser
© involvement

®Nationsl nstruments -

Figure 2.9(b) Data Transfer with Bus Mastering

23




CHAPTER THREE
DESIGN CONCEPTS

3.1 Introduction

3.2 Project Objectives

3.3 General Block Diagram

3.4 Description of the General Block Diagram

3.5 How the System Works
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3.1 Introduction

This chapter talk about main concepts of project design, it introduces project
objectives and a general block diagram of the project, and it also includes who the system

works.

3.2 Project Objectives

The main objectives of the project:

+ Study the concepts of computer based learning and virtual lab.

s Learn how to use the data acquisition board.

+ Build computer programs to collect data into the computer through DAQ card.
4 Learn basic programming skills with LabVIEW programming language.

4 Design and implement experiments in electrical circuit lab in PPU using

LabVIEW programming language and DAQ card.
4 Design and build the black box (connecter) that will be used with DAQ card.
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3.3 General Block Diagram

'ljh.e. block diagram in Figure 3.1 shows the basic components of a computer data
acquisition system

o

@ ..>| NI_DAQ driver

e

—| = LabVIEW Software
=\

DAQ Card

Black box .
f————— Experiments [ Power Supply
(Connecter)

Figure 3.1 General Block Diagram

3.4 Description of the General Block Diagram

The block diagram in Figure 3.1 shows the basic components of a computer data
acquisition system, the experiments will connect to the computer through Connecter Block
which connects with data acquisition card that is mounted internally in the computer. The

data acquisition card converts the analog voltage signal to digital values. Because it only

the data acquisition card has other capabilities like digital to

and digital I/O ports. The National Instruments
mmunicate with and store the binary
s LabVIEW software provides the

converts voltage signals,
analog conversion, counter/timer circuits,
NI DAQ drivers allow the data acquisition board to co

information in the computer. The National Instrument
capability to process, analysis, implement and display the data.
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3.5 How the System Works

1. Design and build the black box (connecter) to connect experiments with the
computer.

2. Connect the experiments to the DAQ card through black box.

3. Use the LabVIEW software to build the experiments block diagram to acquire
data from external experiments.

4. Build the user interface of the experiments on virtual instrument (VI) with
LabVIEW software that provides tools used to display actual representation of

measuring data.
5. Signal is sent to the data acquisition card through Connecter Block from

experiments.
6. The control of instrument and acquisition of data are achieved through data

acquisition (DAQ) board that stores the binary information in the computer.

7. The result of the experiments display on the user interface.
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CHAPTER FOUR
HARDWARE SYSTEM DESIGN

4.1 Introduction
4.2 System Design

4.3 Experiments Design
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4.1 Introduction

This project contain several experiments of electrical circuits lab, which build by
LabVIEW programming language and using data acquisition card "PCI 6034E" that enter
signals from external connected experiments which measure the output values through

connecter block.

4.2 System Design

The system has login screen that contain username, and password as shown in figure 4.1

that allow the user enter to the system and select the experiment to be executed as shown in

figure 4.2.

Figure 4.1 Login Screen
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Elictrxical Ciaircuits I.ab

Choose your expernmen :

bhm's law i

Charging and dischavgiing capacior

Capacitolr Measurment

Oscilloscope Maximum powertransfer

Filtess kischholl's laws

ne T

Figure 4.2 User Manual Screens
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4.3 Experiment Design:

4.3.1 Ohm's Law Experiment:

Experiment Setup:

Figure 4.3 Ohm's Law Design

Procedure:

A v A~ W

Select the proper components.
Connect ohm's low experiment on
external DC power supply-

Set DC power supply to 0 volt.
Connect the voltage source (E) t0 channel
Connect the voltage of R1 to channel al, a9 on the connecter block.

Connect the voltage of R2 10 channel a2,

external breadboard that supplied the circuit from

a0, a8 on the connecter block.

al0 on the connecter block.:
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7. Connect the voltage of R3 to channe] a3, all on the connecter block
8. Set DC voltage range of power supply from (0-10)v

9. Enter the value of low and high limit voltage source.

10. Enter the value of resistors (R1, R2, and R3) as connected on the breadboard.
11. Run the experiment interface.

12. Follow the experiment on the screen.

Input of DAQ Card:

The DAQ card will measure the value of voltage source (E) and the voltage of the resistors

(R1,R2, and R3).
QOutput of process:
Display all:

e Voltage source(E)

e The voltage of resistors (VR1,VR2,VR3)
e The current of (R1, R2, R3).

e The power of the circuit.

e Graph of the voltage source E).

e Total resistor (RT).

32




FOLTAGE SOURTE

i
i
i
|
i

Figure 4.4 Ohm's Law Screen

Process of LabVIEW:

- Calculate the value of the current as shown in the equation:

E

Where:
I: circuit current.
Rr: total resistors.

E: voltage source.
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procedure:
onnect the circut on the
hread hoard as shown

5 in the circuit below.

then the student should

do the following:

1. Set D power supply to
(0 vols ).

2. Connect chanel a0-aS
to the voltage source.

. Connect chanel al-a9
to vI{R1).

. Connect chanel 22-210
to v2(R2).

. Set DC voltage range of
power supply from (0-10)

. Determine low limit
and high limit of the
voltage source (E).

. Enter the value of (R1.
R2.R3) as Connected on
hread hoard.

. Run the experiment.




- Calculate the total resistors of the circuit as shown in the equation:

%
RT=R1+[R2 R3]

R34R2
Where:
RrT: total resistor.

- Calculate the power of the circuit as shown in the equation:

Where:
P: circuit power.
E: voltage source.

Rr: total resistor.

- Graph the voltage source (V).
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4.3.2 AC Measurement Experiment

Experiment Setup:

Figure 4.5 AC Measurement Design

Procedure:

1. Select the proper components.

2. Connect the AC experiment on external breadboard that supplied the circuit from

external AC power supply.

Set AC power supply to 0 volt.

Connect the voltage source AC to channel
Connect channel al, a9 to V (A-B)-
Connect channel a2, a10 to V (80

. Connect channel a8; alltoaVAGC)

a0, a8 on the connecter block.

S >~ w

N oY v
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8. Set AC voltage range of power supply from (0-10) v

9. Enter the value of resistors (R1, R2, and R3) as connected on the breadboard.
10. Run the experiment interface.

11. Follow the experiment on the screen.

12. Determine peak to peak value from the graph.

Input of DAQ Card:

The DAQ card will measure the value of AC voltage source and the voltage between (A-B),
(B-C), and (A-C).

Output of process:
Display all:

e AC Voltage source.

o The voltage of resistors (VR1,VR2,VR3)
o The current of (R1, R2, R3).

o Total resistor (RT).

e Graph of the AC voltage.

e The value of r.m.s voltage.
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C—

Ieasurement |

Figure 4.6 AC Measurement Screen

Process of LabVIEW:

- Calculate the value of the current through each resistor.

- Calculate the total resistors of the circuit as shown in the equation:

R ER
R, =R +| 22—
TSR
Where:

Rr: total resistor.

R1, R2, and R3: input resistors.

i ion:
- Calculate the r.m.s value as shown in the equati

5 P=P
ms =
22
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Procedure:

Comnect the circut on the

hread hoard as shown

in the cixcuit .

the student shoulddo: |

1. Set D¢ porer supply to
(0 volt ).

. £onnect chanel a0-aS
to the voltage source
(AC).

. Connect chanel al-a9
to Vi(A-

. Connect chanel a2-al0
to V(A-Bj.

S. C'onnect chanel a3-all
to \(B-C).

5. Set DC voltage range of
power supply from (0-10)

7. Enter the value of (RI1.
R2.R3) as connected
on the hiead hoard.

S. Run the experiment.

0. Enter the value of peak
to peak as shownin the
graph.




Where:

r.m.s: roo
t mean square value

p-p :peak to peak.

- Gra h i
g
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4.3.3 Kerchieff's Laws Experiment

Experiment Setup:

Figure 4.7 Kerchieff's Law's Design

Procedure:

1. Select the proper components.
2. Connect kerchief's laws experiment on exte
from external DC power supply.

Set DC power supply to 0 volt.
Connect the voltage source (E1) to

. Connect the voltage source (E2) to €
Connect the voltage of R1 to channel a2, 210 on th
Connect the voltage of R2 to channel a3, all on the connecter block.

e of R3t0 channel a4, al2 on

mal breadboard that supplied the circuit

hannel a0, a8 on the connecter block.
the connecter block.

A W

hannel al, a9 on
e connecter block.

AN W

the connecter block.

OO.\]

. Connect the voltag
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9. Set DC voltage range of power supply from (0-10) v
10. Enter the value of low and high limit voltage source E1

11. Enter the value of low and high limit voltage source E2

12. Enter the value of resistors (R1, R2, and R3) as connected on the breadboard.
13. Run the experiment interface.

14. Follow the experiment on the screen.

Input of DAQ card:

The DAQ card will measure the value of voltage source (E1, E2) and the voltage of the
resistors (R1, R2, and R3).

Output of Process:
Display all:

e Voltage source(El)

e Voltage source(E2)

e The voltage of resistors (VR1,VR2,VR3)
e The current of R1.

o The current of R2.

o The current of R3.
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Procedure:

Comnect the circut on the
extermal hread hoard as shovn
in the circuit helow .

the student should do:

1. Set D power supply to (OV).
Connect chanel aD-aS to the
voltage source(El).

2. Connect chanel al-a9 to the
violtage source(E2).

3. Connect chanel a2-al0 to V1.

4. Connect chanel a3-all to V2.

- Connect chanel a4-212 to V3.

6. Set DC voltage range of
power supply from (0-10) V.

7. Detemmine low limit and high
limit of the voltage source
(E1) and (E2).

S. Enter the value of (R1.R2,

 R3)as connected on dread

hoard.

9. Run the experiment.

Figure 4.8 Kerchieff's Law's Screen

Process of LabVIEW:

- Calculate the value of the current for each resistor.

I=

Ry

Where:
I: circuit current.
Rr: total resistors.

E: voltage source.

41




4.3.4 Capacitors Measurement Experiment

Experiment Setup:

Figure 4.9 Capacitors Measurement Design

Procedure:

1. Select the proper components.
t on external breadboard that supplied

2. Connect capacitor measurement experimen

the circuit from external DC power supply-

3. Set DC power supply to 0 volt.
4. Connect the voltage source (E)to channel a0, a8 on the connecter block.

Clto channel al, 29 on the connecter block.

3. Connect the voltage of
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6. Connect the voltage of C2 to chanpe] 42, 210 on the connecter block
7. Set DC voltage range of Power supply from 0-10) v .
8. Enter the value of low and high limit voltage source E

9. Enter the value of capacitor (C1, C2, and C3) as connected on the breadboard.
10. Run the experiment user interface.

11. Follow the experiment on the screen.

Input of DAQ Card:

The DAQ card will measure the value of voltage source (E) and the voltage of the
Capacitors (C1, C2, and C3). :

Output of Process:

Display all:

e Voltage source(E)
o The voltage of capacitor (Vc1,Vcz,Vc3)

* The total capacitor.
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mect the circut on the
external bread hoard as

shown in the circuit .

the student should do/the

following:

1. Connect chanel a0-aS
ta the voltage source(E).

2. Connect chanel al-a9
to Vicl.

3. Connect chanel a?-a10
to Vi(c2-c3)

4. Run the experiment.

S. Detennine low linit and
high limit of the voltage
source.

6. Enter the value of/(¢1.
(°2.¢°2) as connected on
the hread heard.

Figure 4.10 Capacitors Measurement Screen
Process of LabVIEW:

- Calculate the value of the total capacitor as shown in the equation:

e Cl *(CZ +C3)
"l @ TeE)

Where:

Cr: total capacitor
C1, Cz, C3: input capacitors
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4.3.5 Charging and Discharging Capacitoy Experi
eériment

A. Charging Capacitor:

Experiment Setup:

Figure 4.11 Charging Capacitor Design

Procedure:

Select the proper components.

apacitor experiment on external breadboard that supplied the

Connect charging €
circuit from external DC power supply-

Set DC power supply to 0 volt.
Connect the voltage source (E) t0 channel a0, a8 on the connecter block.

Connect the voltage of C110 channel al, a9 on the connecter block.
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6. Set DC voltage of power Supply to 5 v

7. Enter the value of capacitor (C=4Mf)
o » and resistor (R = 3
on the breadboard. (R=3KQ) as connected

8. Close the switch (S1) to charge capacitor (©).
9. Run the experiment user interface,

10. Follow the experiment on the screen,

Input of DAQ Card:
The DAQ card will measure the voltage of the Charging Capacitor (Vc).
Output of Process:

Display all:

o Time constant.

° Charging time (7).

e Voltage of charging capacitor
Graph the relation between the capacitor voltage and the number of time constants.
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Procedure:

E Connect the circut on
the hread hoard as
shown helow .

the student should do
: the following;

1. Connect chanel aD-aS
ta capacitor (€:1).

- Run the experiment.

- Enter the value of{(R.
€) as connected on
hread bord.

- lose (S1jtoi charge
capacitor(<'1).

- Click collectina data
hutton wwhen charging
time = clock(sec).

. Stop the experiment.

. Select discharging
capacitor page.

. Returmistep 2

0. Close(S2)to discharge
capacitor(£1).
10.Retuim step. 5.

Figure 4.12 Charging Capacitor Screen :

Process of LabVIEW:
- Calculate the value of the charging time by the equation:
Charging Time=R*C*t

R: resistor
C: capacitor

t: number of time constants.

tage and number of constant time that

i i : acitor vol
Graph the relation between charging cap grammed by the programmer.

%aved in a constant array in the block diagram that pro
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B. Discharging Capacitor:

Experiment Setup:

Power Supply

e o
=i

Figure 4.13 Discharging Capacitor Design

Procedure:

1. Select the proper components.
2. Connect discharging capacitor €
circuit from external DC power supply.

Set DC power supply to 0 volt.
(E) to channel a0, 2

xperiment on external breadboard that supplied the

8 on the connecter block.

S W

.Connect the voltage source
Connect the voltage of C1to ¢

Set DC voltage of power supply t0 5 V -
Enter the value of capacitor (C = 4 M), and resistor (R =3 KQ) as connected on

the breadboard.

hannel al, a9 on the connecter block.
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P

8. Open the switch (S1), Close the switch (S2) to disch

9. Run the experiment user interface,

arge capacitor (C).

10. Follow the experiment on the screen,
Input of DAQ Card:
The DAQ card will measure the voltage of the Charging Capacitor (Vc).
Output of Process:

Display all:

o Time constant.

e Charging time (7).

e Voltage of discharging capacitor.
o Graph the relation between the capacitor voltage and the number of time constants.

Olull‘/ da»;ri-n-"s“ s

%*:‘ G B -

M'&——B)

.................
-----------
------
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“onnect the circut on
the hread board as
shown helow: .
the student should do
the follow
C'onnect chanel a0-aS
to capacitor (£°1).

. Run the experiment.
3. Enter the value of {R.
(') as connected on

bread bord.

- Close (S1jto charge
capacitor(Cl).

. Click collecting data
hutton when charging
time = clock(sec).

7. Stop the experiment.

. Select discharging
capacitor page.

. Retuim step 2.3.

. Close{S2)te discharge
capacitor({i1).

10.Return step 5.

Figure 4.14 Dischargiﬁg Capacitor Screen

Process of LabVIEW:

- Calculate the value of the charging time by the equation:

Charging Time=R*C*t
Where:

R: resistor.

C: capacitor.

t: number of time constants.

r voltage and number of constant time

. i acito
- Graph the relation between discharging cap that programmed by the programmer.

i jagram
that saved in a constant array in the block diagr
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4.3.6 Filter Experiment

A. Low-Pass Filter:

Experiment Setup:

Figure 4.15 Low-Pass Filter Design

Procedure:

v W

S WL

Select the proper components.
Connect Low-pass filter experiment on €

circuit from external AC power supply-

Set AC power supply to 0 volt.

Connect the AC voltage source to i
fR2to channel al, 2
from (0-10) V-

«ternal breadboard that supplied the

annel a0, a8 on the connecter block.

Connect the voltage 0 9 on the connecter block.
Set AC voltage range of power supply
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7. Run the experiment user interface

8. Click start collecti
ecting data button when the frequency on external generat
or

equal the frequency on the screen by keeping AC voltage = 5vol
9. Follow the experiment on the screen by

Input of DAQ Card:
The DAQ card will measure the value of voltage source and the voltage of the resistor (R2)
Output of Process:

Display all:

e Voltage source.

o The voltage of R2.

o Graph low-pass filter response.

& 1. connect chanel a0-aS
to the voltage source

connect chanel al-a9

to R2 to measue voltage
Run the experiment.

. click start collecting
data hutton when the
frequency on external
generator = constant
frequency on the screen
hy keeping:

A(C voltage = Svolt.

Figure 4.16 Low-Pass Filter Screen
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C. Band-Pass Filter:

Experiment Setup:

Figure 4.19 Band-Pass Filter Design

Procedure:

P—

2,

N oY v W

Select the proper components.
Connect Band-pass filter experi
from external AC power supply.-

Set AC power supply to 0 volt.

Connect the AC voltage source to channel
Connect the voltage of R2 to channel al, a9 on the connecter block.

Set AC voltage range of power supply from (0-10) V.

Run the experiment user interface.

ment on external breadboard that supplied the circuit

a0, a8 on the connecter block.

5.




Process of LabVIEW:

- Graph the relation between the voltage that record by the user and the frequency that

saved in a constant array in the block diaéram that programmed by the programmer
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B. High-Pass Filter:

Experiment Setup:

Figure 4.17 High-Pass Filter Design

Procedure:

N S v AW

Select the proper components.

Connect High-pass filter experiment on exte

from external AC power supply-

rnal breadboard that supplied the circuit

Set AC power supply to 0 volt.
Connect the AC voltage source to channel a0, a8 on the connecter block.
Connect the voltage of R2 to channel al, a9 on the connecter block.

Set AC voltage range of power supply from (0-10) V.

Run the experiment user interface-
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8. Click start collecting data buttop When the fre

frequency on the screen by keeping AC volta
9. Follow the experiment on the screen.

quency on external generator equal the
ge = Svolt.

Input of DAQ Card:
The DAQ card will measure the value of voltage source and the voltage of the resistor (R2).
Output of Process:

Display all:

e Voltage source.

o The voltage of R2.
o Graph high-pass filter response.
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connect the circut on the
bread board as shown

- connect chanel a0-aS
ta the voltage source

¥ 2. connect chanel al-a9

to R2 to measue voltage .
3. Run the experiment.
<. click start collecting

data hutton when the

frequency on external

generator = constant |

frequency on the screen

Keeping:
veltage = Svolt.

Figure 4.18 High-Pass Filter Screen

Process of LabVIEW:

- Graph the relation between the voltage that record by the user and the frequency that

Cr.
saved in a constant array in the block diagram that programmed by the programm
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. Click start colléct'
8 Ing data button whep the frequency on €xternal generator equal th
>

NS e e

9. Follow the experiment on the screen

Input of DAQ Card:

The DAQ card will measure the value of voltage source and the voltage of the resistor (R2).
Output of Process:
Display all:

e Voltage source.
e The voltage of R2.
o Graph high-pass filter response.
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Proccdure:
connect the circut on the
bread hoard as showm
thelow .
the student should do the
following:
L. connect chanel a0-28
to the voltage source
LXE,
25 2. connect chanel'al-a0
to R2 to measue Voltage
Run the experiment.
5. click start collecting
data button when the
frequency on external
generator = constant
fiequency, on the screen
by Keeping:
“voltage = Sviolt.

Figure 4.20 Band-Pass Filter Screen

Process of LabVIEW:

- Graph the relation Between the voltage that record by the user and the frequency that

mer.
saved in a constant array in the block diagram that programmed by the program
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(& Band-Stop Filter

Experiment setup:

Figure 4.21 Band-Stop Filter Design

Procedure:

o > w

~N SN o

Select the proper components.
Connect Band-stop filter experiment on external breadboard that supplied the circuit

from external AC power supply.

Set AC power supply to 0 volt.

Connect the AC voltage source to channel
Connect the voltage of R2 to channel al, a9 on
Set AC voltage range of power supply from (0-10) V-

Run the experiment user interface.

a0, a8 on the connecter block.

the connecter block.
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g, Click start collecting dat
g data button when the frequency on external
Inal generator equal the

frequency on the screen by keeping AC .
9. Follow the experiment on the screen volt.

The DAQ card will measure the value of
voltage source and the
voltage of the resistor (R2)
Output of Process:
Display all:
o Voltage source.

o The voltage of R2.
o Graph Band-Stop filter response.

Band-pass Fiter | Band-Stop Fiter |

Low-Pass Filter | High -Pass Filter

.. Band-Stop Filter Response 7
 BendSoe e “ | Procedure:
B conmect the circut on the
S hread hoard as shown
B helow .
& the student should do the
E following:
1. connect chanel aB-aS
to the voltage source
(&8
_ connect chanel al-a9
B to R2 to measue voltage
. Run the experiment.
click start collecting
data button when the
frequency on external
aenerator = constant
fiequency on the screen
by keeping:
AC voltage = Svolt.

Valtag(y
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process of LabVIEW:

. Graph the relation b
etween the
voltage that record by the
user and the fr
equency that

saved in a constant
array in t
he block diagram that p
rogrammed b
y the pro
grammer.
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437 Maximum Power Transfer Experiment

Experiment Setup:

Decode resistor

box

Figure 4.23 Maximum Power Transfer Design

Procedure:

—
-

Select the proper components.
riment on external breadboard that supplied

(384

Connect maximum power transfer expe
the circuit from external DC power supply.-
+ Set DC power supply to 0 volt.

Connect the voltage of RL to channel a0, 2
+ Set DC voltage range of power supply from (0-10) V-
- Run the experiment user interface.

+ Click start collecting data button Whe

8 on the connecter block.

A~ w

on resistor box equal

~N O\ W

n the resistor load

Iesistor on the screen.
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g. Follow the experiment on the screen,
Tnput of DAQ Card:
The DAQ card will measure the value of resistor load voltage VRL,
Output of Process:
Display all:

o Voltage of resistor load (VRL).

o Graph of load power as a function of load resistance.

‘procedure:

2l Connect the circut on
: the bread board as sho
XM in the circuit belaw.

g then the student should

do the following:

. Set DC power supply
to (0 volt ).

. Connect chanel al-a8
to the voltage of RL.

. Set DC voltage range
of power supply from
(0-18) V.

' 4. Run the experiment.

. Click start collecting
data button when the
resistor on resistor
box = constant
resistor on the screen

5. Find the maxiraum
power from the graph.

roslstor
box

Figure 4.23 Maximum Power transfer Screen




process of LabVIEW:

 Calculate the value of load power as shown in the equation:

Where:
P: load power

Rv: load resistor

VL: voltage of RL

- Calculate the value of efficiency as shown in the equation:

R
77=(}LJ+RL*100%

2

- Graph the relation between the load power that calculated by LabVIEW and the load

resistance that saved in a constant array in the block diagram that programmed by the

programmer.
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Joput of DAQ Card:
The DAQ card will measure the value of AC voltage source for each signal

Output of Process:

o Display the graph of two signals.

Procedure:

§ connect the circut on the

{ bread board as shown

i in the circuit.

the student should do':

1. Set DC power supply to
(0volt).

2.Connect chanel al-a8
to the first AC source.

2. Connect chanel al-ad

8. Run the experiment.

fgney | s i ,.
10715 20" 25730 !
. Time(sec)”

Figure 4.25 Oscilloscope Screen
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439 Connector Block Design:

This board is the i
interface between the external experiment and the DAQ
e card, It's

. lyding eight analog i i
including eig og mput pair of channels; each pair is used to
measure the voltage

across one of the component (capacitor, resistor, coil ...)
2 cee Jo

Figure 4.26 Connecter Block
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CHAPTER FIVE
SOFTWARE SYSTEM DESIGN

5.1 Introduction
52 General System Flowchart

5.3 System experiments Flow Charts
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5,1 Introduction

In this chapter, the software subroutines and their functionality are goi
explained in details. e going to be

5.2 General System Flowchart

s )

% i

Select experiment to be
executed from user
: Sel
mterface i g

'

Connect Experiments
to external
Breadboard

Connect channels to
the DAQ by using
Connector block

!

run the experiment on user
interface

Figure 5.1 General System Flow Chaﬁ
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5.3 Experiments Flow Charts:

This section describes how experiments work and describe the inputs and outputs for each

experiment:

5.3.1 Ohm’s Law:

D

Y

select experiment from user
interface

Connect Experiment
to external
Breadboard

Connect channels to
the DAQ by using
connector block

-

input
R1,R2,R3

v

run the experiment on user
interface

l

IF value valid
IEvahy

VR1,VR2,VR3
current (1),POWER

display voltage on
graph

g Law Flow Chart

Figure 5.2: Ohm
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5.3.2 Charging Capacitor:

@

Y

Select experiment from user
iterface

Connect Experiment
to external
Breadboard
Connect channels to
the DAQ by using
connector block
input
resistor(R),capacitor( C

run the cxpcnmcnt on user
interface

V

close
switch(sl)

record charging voltage
value

Jow Chart

g Capacitor F

Figure 5.3 Chargin
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5,3.3 Discharging Capacitor:

(, 'START j

\

select experiment
from user interfacc

Connect Experiment
to external
Breadboard

Connect channels t
the DAQ by usmg
connector block

input
R,capacitor ( C)

run the experiment on user
interface

A

Close switch (S1),
open switch (S2)

IF value valid )
>

Figure 5.4
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Discharging Cap

Y
record discharging
voltage value
v

display d:scharsms
graph

acitor Flow Chart

_



5.3.4 Filter Response:

@ )

select experiment from user
interface

Connect Experiment
to external
Breadboard
Connect channels to
the DAQ by using
connector block
run

the expcnment on user
interface

/ e \

. g IF page 4
IF page 1?2 ° P?S

IF page 3
?
run the low pass v V run the Band stop
experiment run the high pass run the band pass filter experiment
experiment ' filter experiment
input
frequency(®

IF the £( Vout) =F
~in user interface
&Vm-’sv

record voltage value

display pass filter
response graph

onse FlOW Chart

5.5 Filter Resp

Figure

74
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34 Filter Response:

C ¢
. Sy
select
L G 7 I
Ly

i far

A A

P
S, JS g AT
v i
) Y P

|
NESEISIS. 7=

@ J/_J,:':Av;'c (7250 s "/
thae DAO r;/ usin; £
Connecior 9//,

v .

mn the experinens O b-»«:f
| erface

run the Bend
ran the hzgh pass run tae band pas :Arcrm;fﬁ:

experiment ﬁiter experxment

input
ﬁequenc

= the £( Vout) =f

- in user interface
SV

rage vaiue

record VO

Figure 5.5 Filter Response FIo7 Chart
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5.3.5 Kirchhoff's Laws:

(L s )

Y

select experiment from user
interface

Y

Connect Experiment
to external
Breadboard

Connect channels to
the DAQ by using
connector block

Y o
input .

RL,RZ,R3

Y
run the experiment on user
interface
' IFval‘ff Vahd % yes Y
VR1,VR2,VR3
ELE2
IR1,IR2,IR3
@ i= D
hart
Figure 5.6 Kirchhoff's Laws Flow C
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5.3.6 AC Measurement:

(st )

select experiment from user
interface

Connect Experiment
to external
Breadboard

Connect channels to

the DAQ by using
connector block
input
RI1,R2,R3

run the expenment on user
interface

v

IF value valid
e

v1,V2,V3(AO)

display source
vo ltage(ac)graph

C Measurement Flow Char

Figure 5.7 A
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@& = E
v

select experiment from user
interface

Y

Connect Experiment
to external
Breadboard

Connect channels to
the DAQ by using
connector block

v

run the experiment on user
interface

=

nY

/ Resistor values

load voltage

load power
efficiency

n Power Transfel'

Figure 5.8 Maximu

7

Flow Chart



Connect
channell,channel 2 to
Universal power supply

/

Connect channels to
~ connector block

run the experiment on user
interface

display one signal

Figure 5.9 Oscilloscope Flow Chart
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| CHAPTER SIX
IMPLEMENTATION AND TESTING

6.1 ImPlementation

79
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6.1 Implementation

lementati
Imp tation the system was done through connect the experiments on the

external bread Poard and enter signal from external device then run each experiment on
LabVIEW user interface.

6.2 Testing

Testing the system was done through execute each experiment on LabVIEW and plot

the values on the graph. Also test the connecter block through check each channel by enter

signal from external experiment.

80

6.2.1 Ohm's Law Test
Table 6.1 Ohm's Law Test
Experiment Data Values Expected Actual Screen
output output
Ohm'sLaw | Voltage | Low limit=0 Valid Valid Figure 6.1
input limit | High limit= 5
Ohm's Law Voltage Low limit= -1 Invalid Invalid Figure 6.2
input limit | High limit=12...
B Input R1= +(1k Ohm) .
G | ecistance | R2=-+(2k Ohm) Valid Valid Figure 6.1
R3= +(3K Ohm)
E Input R1= -(1k Ohm) | :
Ohm's Law | resistance |R2= +(2k Ohm) Invalid Invalid Figure 6.2
L i R3=+(3K Ohm ) D




5 e e A e

[le_ Edt Qperats Tools Browsa Window Help

| procedure:
YULTAGE SUURCE - | “onnect the circut on the
bread board as shown
in the circuit belaw.
then the student should
do the following:
1. Connect chanel a}-a8
to the voltage source.
2. Connect chanel al-af
to vI(R1).

. Connect chanel a2-a10
to v2(R2).

. Run the experiment.

. Determine low limit
and high limit of the
voltage source (E).

. Enter the value of (R1
R2,R3) as Connected o
bread board.

Figure 6.1 Valid Ohm's Law Test
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h‘% S e S

Fle Edt Operato Tooks Browse Window Help

procedurc:
YOLUAGE SOURCE . " | § “onnect the circut on the
| bread board as shown
 in the circuit below.
i then the student should
§ do the following:
1. Connect chanel a0-a8
to the voltage source.
. Connect chanelal-a9
; S ; to vI(R1).
R T [ e — Al 3. Connect chanel a2-al0
: “l:m(}ﬁm;_‘l_ _‘.i:’ SHaE tov2(R2).
R e - b . Run the experiment.
- power(watt) | . : . Determine low limit
Moo 7 and high limit ofithe
N A voltage source (E).
; T . Enter the value of (R1, [
T — SR ) g"“““‘“““
ettt d (s . 3 read board.

Figure 6.2 Invalid Ohm's Law Test
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6.2.2 Capacitor Measurement Test

Table 6.2 Capacitor Measurement Test

[ Experiment Data Values Expected Actual Screen
output output

Capacitor Voltage | Low limit=0 Valid Valid Figure 6.3
Measurement | input limit | High limit= 10

Capacitor Voltage | Low limit=0 Invalid Invalid Figure 6.4
Measurement | input limit | High limit=15

Capacitor Input C1=+(0.005 Mf)
Measurement | Capacitor | C2=+(0.005 Mf) Valid Valid Figure 6.3

C3=+(0.995 Mf)

Capacitor Input C1=-(0.005 Mf)

Measurement | Capacitor | C2=( 1.005 Mf) Invalid Invalid Figure 6.4

C3=-(0.995 Mf )
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rement ' SRS Procedure:

: -( U B Connect the circut on the

VCl(V) - o o B external bread board as
> 41 i L c read board as
L e “?4;177 | e IR RN sthown in the circuit .!

ge? CT(MD). . - 1 e e
" Jomodss |

B the student should do the
2 following: i
@ 1. Connect chanel a0-a8
to the valtage saurce(E).

. Connect chanel al:a9
[GAYI B

. Connect chanel a2-a10
to V(c2-c3).

. Run the experiment.

. Determine low limit and
high limit of the voltage
sgurce. !

. Enter the value aof (C1,
C2,C3) as connecied on
the bread board.

Figure 6.3 Valid Capacitor Measurement Test
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> capacier2ivi o

S\

) gt e Range SO |

Range?

s Lf-0995 <3P

4000489 .

Procedure:

Connect the circut on the

external bread board as
shown in the circuit .
the student should do the
fallowing;:
1. Connect chanel aB-a8

ta the voltage source(E).

. Connect chanel'al-a9
to Vcl.

. Connect chanel'a2-al10
to V(c2-c3).

. Run the experiment.

. Determine low linut and
high limit ofithe voltage
source.

. Enter, the value of (C1,
C2,C3)as connected on
the bread board.

Figure 6.4 Invalid Capacitor Measurement Test
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6.2.3 AC Measurement Test

Table 6.3 AC Measurement Test

[ Experiment Data Values Expected Actual Screen
: output output
AC Voltage Peak-to-Peak value
Measurement | input limit =+5 Valid Valid Figure 6.5
AC Voltage | Peak-to-Peak value
Measurement | input limit =-5 Invalid Invalid Figure 6.6
AC Input R1=+(1k Ohm)
Measurement | resistance | R2=-+(1k Ohm) Valid Valid Figure 6.5
R3=+(1K Ohm)
AC Input | R1=+(lk Ohm)
Measurement | resistance | R2=-(4k Ohm) Invalid Invalid Figite 6.0
R3=+(1K Ohm)
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Operate_Tods_Browss_Window_Help

Procedure:

| connect the circut on the
! U L R foscies i hret:d board as shawn
-Ohm) RT hm) | | - e - o in the circuit .
: RZ(k"—‘"“‘“ )j‘%'o_') : Cl:llfrentkz(mn) . Yolt B-C (V) o B the student should do the
L3 ; il o 2 At 0.75261:,' . X b fnugwing:
© | |Current R3(mA) | | Volt A-C(V) i EM 1. Connect chanclab-a8
=l 314?\)531"- { : et . ‘ ta the voltage source
(AC).

. Connect chanel al-a9
ta V(A-C).

. Connect chanel a2-a10
to V(A-B).

. Connect chanel a3-all
to V(B-C).

. Run the experiment.

. Enter'the value of (R1, B
R2,R3) as connected
on the bread board.

. Enter the value of peak
to peak as shown in the

; graph.
| mnote:1 divition =1 divition

in p-p.

(R ] voaier]

m"
=

Figure 6.5 Valid AC Measurement Test
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@ Procedure:

B connect the circut on the
bread board as shown
in the circuit .
the student should do the
B following:
1. Connect chanel al-a8
to the voltage source
(AC).
. Connect chanel al-a9
ta V(A-C). i
. Connect chanel a2-210 |
to V(A-B)- Ve
. Connect chanela3-all H
ta V(B-C). P
5. Run the experiment.
. Enter the value of (R1,
R2,R3) as connected

-".‘:‘2325"-"', i i on the bread board.

o B

to peak as shown in the
graph.
note:1 divition =1 divitio
in p-p.

el

Figure 6.6 Invalid AC Measurement Test
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6.2.4 Kirchhoff's Laws Test

Table 6.4 Kirchhoff's Laws Test

ment Data Values Expected Actual Screen
.- output output
gt clace | Low limit=0 Valid Valid | Figure 6.7
Laws input limit | High limit=5
"Kirchhoffs | Voltage | Low limit=0,-2 Tnvalid Invalid | Figure 6.8
Laws input limit | High limit=11,5
Kirchhoff's Input R1=+(1k Ohm)
Laws resistance | R2=+(1k Ohm) Valid Valid Figure 6.7
R3=+(2K Ohm)
Kirchhoff's - Input R1= -(4k Ohm)
Laws resistance | R2=+(1k Ohm) Invalid Invalid Figure 6.8
R3=-(2K Ohm )

89




=t
K:rchhoff’s Laws "

HM “(?ol)

{ g
{
i
i

1

H

EI(VoR) -
_ B |
¥Yolkage Input Limits

Procedure:

Connect the circut onithe
extermal bread board as showa
in the drcuit below .

the stndent should do the

Iollowing:

1. Connect chanel af}-a8 to the
vuliace source(El).

2_ Conmect chanel al-30 to the
vaoltage somrce(E2).

3. Connect chonel 22-310 to VI

4_Comnect cianela3-all to V2.

S. Commect chanel 23312 0 V3

6. Rum the experiment.

7. Determine low hmit and hich
Iimit of the valiage socurce
(E1).

8. Determime low himit and hich
Emit of the voltage scurce
E2)-

O Enter the valne of (R1.R2,
R3) as connected on dread
board.

Figure 6.7 Valid Kirchhoff's Laws Test
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| Procedure:

Caonnect the circut on the

El(Volt)

o o . external bread board as shown
.5-74 : B BN in: the circuit below .
\'oltagelnputl_lm[t; . the student should do the

4 A jowlimit ;- high (15 S I following:
gm- m o i R 1. Connect chanel a0-a8/to the

" Qut Uf Renge ¢ '_.' S | wvaltage scurce(E1).

e e . Connect chanel al-a9 to the
voltage source(E2).

. Connect chanel a2-al0to V1.

Conutect chanela3-all to/V2.

0 Connect chanelad-al2 ta V3

] 7 Jow limit- "‘9" UL S E . Run the experiment.

‘ BE- ERE- 00 (R I Determine low limit and high

" “outOfRange. . .- e limit 'of the voltage source

; ) 28 4 E1).

. Determine low/limit and high
limit of the voltage source
(E2)..

: Enter the value of (RL.R2,
R3) qs connected on dread
board.

(18

B2V
-prrp -

Voltage Input leits

=N TRCSE TS

|

Figure 6.8 Invalid Kirchhoff's Laws Test
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625 Charging and Discharging Test

T :
able 6.5 Charging and Discharging Test

E{peﬁ;ﬁ;‘;ﬂ Data Val
alues Expected | Actual Screen
L S output
Charging Input R= +3(K-Ohm) s
and resistance, capacitor C= +4(Mf)
Valid Vali i
e alid Figure 6.9
Charging Input R= -3(K-Ohm)
and resistance, capacitor C=-4Mf) Invalid Invalid | Figure6.10
Discharging

% Proccdurc:

Connect the circut on
the bread board as
shown below .
the student should do
the following:
1. Connect chanel a0-a8
to capacitor (C1)-
. Run the cxpcriment_
_ Enter the value of (R,
C)as connected ont
bread bord
_Close (SDto charge
capacitnr(Cl).
. Click collecting data
putton whent charging |
g time = clack(sec)-
k5. Stop the experiment.
7. Select discharging
B copacitor page.
B s Return step 23.
E O. Close(S2)to discharge
2 capacitur(Cl :
10.Return step 3.




acitor - Disch

Procedure:

& Connect the circution
the bread boardas
shown below.
the student should do
the follawing:

1. Connect chanela0-a8
ta capacitor (CL).

. Run the experiment.

_Enter the value of (R,
C)as connectedion
bread bord.

_Close (S1)to charge
capacitur(C 1).

_ Click collecting data
button when charging
time = clack(sec)-

. Stop the cxperiment.

. Select discharging
capacitor page:

. Returnstep 2,3.

. Close(S2)te discharge
capucitnr(c 1)-

10.Return step S.

: Discharging Test




62,6 Maximum Power Transfer Test

Testing the Maximum Power Transfer was done through excite the experiment and take

he result also plot the relation between load voltage and load resistance on the graph
as
shown in the figure 6.11. 3

connect the circut on the § :
bread board as shown
in the circuit below:.
then the student should
§ do the follawing:
1. connect chanel al-a8

to the voltage of/ RL.

. run the experiment.
. click start collecting
data button when the
resistor on resistor
box = constant 3
resistor on the screen | o
. From the graph find
the maximum power.

Figure 6.11 Valid Maximum power Transfer Test
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(ol Oscilloscope Test

Testing the Oscilloscope was done through enter two signal from external power supply
through connecter block that controlled from LabVIEW as shown in the figure 6.12

g | Procedure:
connect the circut on the
bread board as shown
in the circuit .
the student should do:

f 1. Set DC pawer supply to
(Ovolt).

H 2 Connect chanel aB-a8
to the first AC source.
2. Connect chanclal-a9

8. Run the experiment.

Figure 6.12 Valid Oscilloscope Test

6.2.8 Filter Test:

ot accuracy so the graph
After execute this experiment the value of the r.m-5 voltage was I

offilter response not accuracy-



Chapter Seven

CLUSIONS AND FUTURE WORK

ol |
] gL ¥ i

b ks g <
Ritirs O SRS
i s R
TSR R SRS
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7.1 Conclusions

There are many conclusions that are concluded after working with this project and in

this section a description of the resulted conclusions will be pointed

o Working with this project increases the knowledge of virtual lab, and its features
and advantages over lab -

o With the Virtual Laboratory you can do an experiment and take result and

conclusions in few time

o Working with this project increases the knowledge of labVIEW programming

language and its advantage

o Virtual Electrical Circuit Lab has approximately 8 interactive experiments which

have been used successfully in the classroom by teachers as well as by pupils

individually

t is useful since it can be programmed with a variety of

o The LabVIEW environmen
display options and interactivity

7.2 Future Work

The following point can be implemented as future work

n PPU electrical laboratory this project may be

o L, student i :
This project is done for se it as distance learning; that

developed in future on internet an
xecute

d the student can t

nt from yours home on internet

' ime
‘mean any student could be € d any exper

and take result.
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o Charging Capacitor Block Diagra
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o Ohm's Law Block Diagram
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function Palette:

The most common functions used in LabVIEW
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 Series — Low-Cost
16 analog inputs at up to 200 kS/s, 0 -
12 or 16-bit resolution ; : ‘l:,?;:;mg Systems =~
.Upto 2 analog outputs at 10 kS/s, ‘R eal-ﬁ;S 2000/NT/XP
12 or 16-bit resolution e I.abe performance
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Onboard Self-Calibration — Precise voltage reference included for
calibration and measurement accuracy. Self-calibration is completely
software controlled, with no potentiometers to adjust.

NI DAQ-STC — Timing and control ASIC designed to provide more
flexibility; lower power consumption, and a higher immunity to noise
and jitter than off-the-shelf counter/timer chips.
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NI
s using bus mastering with one DMA
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channel, interrupts, ot progxammed 1/0.
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low-Cost E Series Mult;
12 or 16-Bit, 200 kS/s, 16
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Nox: Accuracies are valid for measurements following an intemal calibration. Measurement accuraciés are listed for operational temperatures within 21 °C of

intemal calibxation temperature and +10 °C of extemal o factory-calibration temperature. One-year

interval recommended. The Absolute Accuracy at Full Scale calculations maximum P
c were performed for a fange input vaitage (for example, 10V for the +10V range) alter cna year, assuming 100 pt averaging of data. *Smallest detectabla woltage change in

calbration
e rput signal at the sallest input fange.

Table 2. Low-Cost E Series Analog Input Absolute Accuracy Specifications

f‘_‘.":.:"ﬁi‘,“ 3 ‘— e o e E ' PP — 2ot s . — s WS - >
- Full Featured ESeries . .~ sha low-CostESaries -~ . D Basic |
Wodels T 'NIBOGOE, NIBO3TE, |- NI6052E. [ NIGO70E, NIGOT1E NI 6040€ ‘
§ el | I6MIE, | - | : ] PCI-6036E
S el et ] [ : [ _ POJGUZAE NI 6025, NIBOT3, NI G014
[ _ Negative S , D e L R Apaaloes Rccaracy (mV] hE e Al
Bl -0, e Ao e T ez 8127 Ty Y T R 8.127 3835
1t 0 1201 1.176 5.685 5,605 - = ; =

Table 3. Low-Cost E Series Analog Qutput Absolute Accuracy Specifications

TSt or PXI Trigger Bus — Used to share timing and control signals
between multiple devices to synchronize operations.

BSE Mode ~ In addition to differential and nonreferenced single-
tluded modes, NI low-cost E Series devices offer referenced
smgl.e-ended (RSE) mode for use with floating signal sources in
plications with channel counts higher than eight.

Unhna.;d Temperature Sensor — Included for monitoring the
°l.)ﬂ'?tmg temperature of the device to ensure that it is operating
Vithn the specified range.

:q’:.%';",.emfmance, Easy-to-Use Driver Software
AQis the robust driver software that makes it easy to access the
.C‘lolnality of your data acquisition hardware, whether you ar¢ a

6 or advanced user, Helpful features include:

:::::1 :}:ﬁc Code Generation — The DAQ Assistant is an interact.ive
Meag At steps you through configuring, testing, and programfl:lallllg
for I';au[:ment tasks and generates the necessary code automatically
VIEW, LabWindows/ CVI, or Measurement Studio.

Clea ;
e“"f Ll Devel“l’"‘em — Basic and advanced software functw!]ls
*R combined into one easy-to-use yet powerful set t0 help

you build cleaner code and move from basic to advanced
applications without replacing functions.

High-Performance Driver Engine — Software-timed single-point
input (typically used in control loops) with NI-DAQ achieves rates of
up to 50 kHz. NI-DAQ also delivers maximum I/O system

throughput witha multithreaded driver.

Test Panels — With NI-DAQ, you can test all of your device
functionality before you begin development.

Easily scale your voltage data into the proper
ng the NI-DAQ Measurement Ready virtual
from a list of common sensors and signals or

Scaled Channels —
engineering units usi
channels by choosing
creating your own custom scale.

LabVIEW Integration — All NI-DAQ functions cn:ea'te th‘e wavefo‘rm
data type which carries acquired data and tlmmg. mfox:manon
directly into more than 400 LabVIEW built-in analysis routines for

display of results in engineering units on a graph.

For information on device support in NI-DAQ T,

visit ni.com/da!aacquisition

Visit ni.com/oem for quantity discount information.

truments © Tel: (800) 433-3488 © info@ni.com © ni.com
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Low-Cost E Series Multifunction DAQ

12 or 16-Bit, 200 kS/s,

Worldwide Support and Services
NI provida you with a wealth of resources to help you get your
application up and running more quickly, including:

Technical Support — Purchase of NI hardware or software gives you
access to application engineers all over the world as well as Web
resources with more than 3,000 measurement examples and more
than 9,000 KnowledgeBase entries. ~ ni.com/support

NI Factory Installation Services (FIS) — Software and hardware
installed in PXI and PXI/SCXI systems, tested and ready to
use — ni.com/advisor

Calibration — Includes NIST-traceable basic calibration certificates,
services for ANSI/NCSL-Z540 and periodic calibration —
ni.com/calibration =5

Extended Warranty — Meet project life-cycle requirements .

and maintain optimal performance in a cost-effective way —
ni.com/services

Data Acquisition Training — Instructor-led courses — ni.com/training

Professional Services — Feasibility, consulting, and integration
through our Alliance Partners — ni.com/alliance

For more information on NI services and support,
please visit ni.com/services

16 Analog Inputs

R_ecommended Accessories

§1gna1 conditioning is required for sensor measurements or voltage
ll'fputs greater than 10 V. National Instruments SCXI is a versatile,
high performance signal conditioning platform, intended for high-
channel-count applications. NI SCC products provide portable,
ﬂ.exible signal conditioning options on a per-channel basis. Both
signal conditioning platforms are designed to increase the
performance and reliability of your DAQ System, and are up to 10X
more accurate than terminal blocks (please visit ni.com/sigcon for
more details). Refer to the table below for more information:

Sensor/Signals (>10V)

T Systom Descripton ./ DAQDevice . Signal Conditioning___Page
High performance | PCH6OxE, PXI-G0XXE, DAQCaI0-00E SCXI 70
Low-cost, portable | PCHSOE, PXI-60xxE, DAQCard-60xiE scc 251
Signals (<10 V)1

T System Descript T DAQ Devica’ Terminal Block ___Cable | Page
Shieided PCIG00E SCBG8 | SHGBGE-EP | 214
Shielded PX-B00E TB2705 | SHe8B-EP | 214
Shielded ‘DAQCard-600E | SCB68 - | /SHCBsBEP | 214

. Low-cost PCH6025E/PXI-6025E TwoTBX68s | SH1006868 | 214

! Low-cost | PCHSOXE/PX-600E €B-68LP AgBeg | 214

Low-Cost DAQCard-60E £8-68LP RCS8 | 214

1Terminal Blocks do not pravida signal conditianing (ie. filtering. amglification, isclation, etc.), which may be necessary to
increasa tha accuracy of your measurements.

Table 4. Recommended Accessories

: Oli;defing lnformatinh .

- NIPCI-6036E 778465-01
NI DAQCard-6036E 778561-01.
NI PCI-6034E 778075-01
NI PXI-6025E 777798-01

- NI PCI-6025E 777744-01
NI DAQCard-6024E. veesee778269-01

NI PCL-6024E - 777743-01
NI PCI-6023E. 777742-01 -

Includes NI-DAQ driver software and calibration certificate.

- BUY ONLINE!

- Visit ni.com/dataacquisition

National Instruments ® Tel: (800) 433-3488  info@ni.com © ni.com
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3-Bit E Series Multifunctiop

pAQ Specifications

speciﬁcaﬁ““s — NI 607xE, NI 6062E, NI 6040F, | 602xE

e paifiatons are typical for 25 °C unless otherwise noted.

) (software selectable per channel)
P D—— A LA R

Maximum Sampling Rats
BE oo 125MSfs D
60626 : 500 kS/s )
‘SM0E | 500kS/s single-channel scanning
|| 25015/s multichanned scanning
B03E 200 kS/s
B024E
a |
i e P S [ ey

Input Signal Ranges

Bipolar Inpit Ranga _ Unipalar it Rangs |

ooy
WSV

. op20my
+0t0100mV "

B3 10V -
B024E AR =
o2se 500 mV -
50 mV =
Iput coupling Dc
Matimun working voltage
[signal + common modee)......... Input should remain within +11V of ground

Inputs Protacted
6070E. . . Al<0..15>, Al SE
{ i ..15>, Al SENSE
B062E, 6040E ke i
B071E Al <0.63>, Al SENSE, Al SENSE2
AFO Buffer Siza
DAQCard-6062€ . 8,192 samples
DAQPad-6020€ 4,096 samples
DAQPad-B070E -+ | 2,048 samples
 DAQCard-6024€ *. ; e
PCI/PXI-6070E 512 sarﬁples :
6071E, 6040E
PCI-6023E, NI 8025E, PCI-6024E
Data transfers
PCI, PXI, DAQPad for FireWire DMA, interrupts, p di/0
DAQCard, DAQPad for USB. Interrupts, progi di/0
DMA mades
PCI, PXI, DAQPad for FireWire................. Scatter-gather (single-transfer, demand transfer)

oo 912 WOTdS

Configuration memory SIze ...

Transfer Characteristics

Relative Accuracy
TDevice | . Jypical Dithorsd - Maximum Undithered |
L6O7XE, 0518 +15158
BO40E.
6023E .
BO24E
B020E 02158 15158

DNL
SE | 45is8 | +10LSB .
. 6023E
1 PCI-B024E :
{ BO25E . i Shplabs :
6020E 02188 11018
Go62E LT | 407518 . 039,415158
DAQCard-5024€ R :
12 bits, guaranteed

NO MISSING COUES e

National

Instru ments * Tel: (800) 433-3488 © info@ni.com © ni.com 5



2-Bit E Series Multifunct;
pAQ Specifications "

ifications — NI 607xE, NI 606xE
ﬂ,;:ln L . NI 6040E, NI 602xE (continued)

Input Impedance Settling Time to Full-Scale Step
) o 0 = .
w0GQinparlel [ Ceswa [ — e Aoomey
with 100pF L B e g, SO e
: i S ‘3:::179“:31 . ;.Susmgical o} 15ps typical
% i ST ) R e S ! : 10v ot KSR 52/ mexi
100 G2 in paraliel with 100 pF O R | e G : 3$‘Y"“Ea‘ 15ustyical | 13 ys tpical
st : i ' s e | 15 s ma
| 10060npelelwitis0pr |1 dka [ g0 0 e e B ) M
3 fily 100 mv ZIJSAMJiwl 1 i s
i 1. ;
gt bis cuent +200 pA SR 3 ps maximum 2 i:m::::n : gsu;ypm!
S8t CUTBNE s rrs s mieme £100 il L2V i = S maum
put PA : ) i _:U:WP!W' |1 9pstypical” | 1.9 pstypical
. CMRR, DC to 60 Hz el v "av‘ma?' Z5 s maximum | 2 ps maximum
T s R, ] L 5$W~al ;:usrvaal 1.2 s typical
SE R WV B S X 1S maxi 15 s maxis
iy i e NI e
“400mVto5V | A i max 5 s maxi 1.3 ps maxi
S00E w2V | ot O B ;"‘W?' 19ps typical [ 1.2 s typical
B2k 5V T A T s s oo o | 15 8 maxinum
e <A, A e R B }Sustyptal 25psitypical |2 s typical
V - (o 4 s maxi 3 ps maxim 25ps
MBE | 10w20V Al s i e i
ol w020V : i : | ir bs typical 4psmaximum | 4 ps maximum
:g i .1(Dm\.l§n1v i 3 P : 8 ps maximum
o st ; i L e s All . Systypical | 5 ps maximum - Xi
O00E 100mV 020V ; s USSR |3 sl
Dynamic Characteristics AL | 10ps mai 10 s masimum | 105
Bandwidth ;
— il - ‘ System Noise (LSB,.,,, Not Including Quantization)
‘-WWHE"”W“%WD Device it e - Range ; DitherOF - - . . DitherOn
T6MHz L IMHz HB070€ 5 im0 20 Vi VL 05
13MHz 250kH BO7IE L 500mV uhiion ifosnth
CUUB00KHz i i 380kHz L R ¢ - 200mV. 05 i 0z
500 kHz 225 kHz i 100mV. 08 . 03 -
oL B062E 11020V 025 06
awe 500 mV 04 075
CBOOKHZ e 2es kL 200 mV 05 08
150 ktz 200/ 100mV 08 : 10
BOACE. 11020V ] 02 i 4 05T
500 mV 025 - 05
200mV: 05 07
o : 100mV 09 10
B023E 1020V 04 05
PCI-6024E, 6025E 100mV 07 08
DAQCard-6024E Ry LA 01 065
FETRat Hrvaasesl 045 065
R 100mV o7 090
B020E 11020V 0.07 05
500 mV 0.12 05
200mV 025 06
100 mY 05 07
Crosstalk, DC to 100 Kz
- R 7 g Mu:.nh A 2 Nlolli;]l:‘;:mk
tDovice 75d R
607X, 6UGZE, 6040 5008 8048
B02E

National Instruments ¢ Tet: (800) 433-3488 * info@ni.com * ni.com 6



¢-Bit E Series Multifunetiop
pAQ Specifications

speciﬁcations — NI 607xE, NI 606xE, NI 6040, N 602xE (continued)
mlog Outpllt External Reference Input

Range.

wenmnne 325 V powered on, +15V powered off

B020B: s
Input impedance..__. £ ¥ ﬁsvmm"“"' 425V powered off
Bondwidth (3dg) W
g;%smoe.“_u_n_ e
e . S0k
(7 R e S
e Dynamic Characteristics
fsphon. e, , 1in 4,
adnun pdate T8 mixE: < Settfing Time for Full-Scale Step Slew Rate
Waveform Generation gos2E Eus'mw».nsa‘mm L 0VRs
AFO Mode Non-FIFQ Mode deeeE s e e e e e
vice B Tt Timed e e X 0ps104051SBaccwraey | 10V
WE | IMS/s | 90K/ TSk, Device Reglitching Disabled Reglitching Enabled
o e S R B . system degendent . - (BUTXE,604XE . | S e Amv
OGEE B50KS/s 400KS/s, PULG024E #2mv N/A
e . System dependent | _system depend LoosEs | S 2ok i
e NAL - 10kS/s with DMA | 10kS/s with DMA - [DAQCard6024€ || [\ [ +BmV AT
POHGO24E. e /s with interrupts| 1 kS/s with interrupts . _.502054_ g e 100 2 e
@€ | . |00 00| systemdependent | isystemdependent . B0 SRR B £0my
DAQCard-6024E N/A N/A 1 kS/s with interrupts| 1 kS/s with interrupts Glitch Duration (At Mid-Scale Transition)
v < system dependent | system dependent E 15 -
DAPSIOE | NA | N RS e D el 2
S R ; systemdepgndenl system dependent ., 6024€ 2
FFO Buffer Size JSEE
6020E - 3ps
WDEG0GE | 2,048 samples ! 6062E e
SWE | 512samples
HIE R Nooe T Naise 200 Vs, DC 10 1 MHz
Data transfers Glitch energy magnitude (at mid-scale transition)
FCLPXI, DAQPad for [EEE 134............ DMA, interrupts, programmed |/0 Stability
mﬂl. DAQPad for USB.........ce.......  Interrupts, programmed 1/0 Gain temperature coefficient (except 6024E, 6025E) i
(L L L O ——— 225,
L Scatter-gather (single transfer, demand transfer)
Transfer Characteristics
Relative accuracy
After calibration
B062E, DAQCard-B024E.................. +0.5 LSB typical, £1.0 LSB maximum
o PS03 LSB typical, 40.5 LSB maximum
Selore calbrati +41SB maximum
DNL
After calibration
B062E, DAQCard-6024F ... +0.5LSB typical, +1.0 LSB maximum
Alotoers e +03LSB typical, +1.0 LSB maximum
Belore caira 3158 maxi
b - 12 bits, g d after calib
e (elaive to extemal reference) y
T S +05% of output maximum, not ad;ustqble
S0E, G040 e (010 0.67% of output maximum, not adjustable
Voktage Output
m?""’""‘—w-wm_._.“__ 0C
Impedance... 01Q
e O | H10V.0w 10V, SEXT REE 010 BXT A
— .. softwareselectable © . .
10V, +EXT REF, software selectable
e 10 |
Pfh':n;m.___ T
e Sk ircui nd
Poweran T — Short-circuit to grout

National nstruments * Tel: (800) 433:3488 » info@ni.com * nicom 7
atio



o Ty
‘"‘Z‘"‘aﬁm 1o extemal reference)

L

et ss st sae s et sases

12 bits, guaranteed after calibration

+0.5% of output maximum, not adjusm_ble
0to0 0.67% of output maximum, not adjustable

2-Bit E Series Multifunctiqp
pAQ Specifications

speciﬂcations — NI 607xE, NI 606xE, NI 6040E, NI 602x

E (continued)

fnalog Qutput Ext:mal Reference Input
istics B0 e
(utpt Characte d' Overvaltage protection i
Nanber of Channels B07xE, 6OG2E, 6040E ..
- 6020 - 225V powered on, +15V powered off
Input impedance. . e ?gsk}/lwweredun,zstpowereduH
Bandwidth (3d8)
BUTXE, 6OAQE ... 1MHz
Dynamic Characteristics
12 bits, 1in 4,098 ; -
Davica : ] Mmngaefwﬁm-SuIasmp Slew Rata
%i Sl 3s 04051 accuracy 20V/s
resoc LG e e ah o
7 602E 10p5 10405158 accuracy 10V/ps
L A00KSSs, T Device Reglitching Disabled Reglitching Enabled
| System dependent. RBOPE, SOME 5 R e i AV
400KS/s, PCI-6024E +42mV N/A
. System dependent |  system dependent 6025E SR o : :
10kS/swith DMA | 10KS/swith DMA. OAGGark024E i i A B R
KS/s with intemupts| 1 KS/s with jntermupts - 600E : ooy X7, e
1 System dopendent | system dependenr, . (SOZE BV e
1kS/s with interrupts| 1 kS/s with interrupts Glitch Duration (At Mid-Scale Yransition)
system dependent system dependent 507 ; 7
LA A Sl A XE e 15ps
(e T T
|, system dependent’ | system dependent ' i) i 2ps
2 6025E e
FIFO Buffer Size B020E . - a3
WDEGRE | 2048 samples TeOR2E L[
BOE | 512samples
SRl o 200 PV, OC to 1 Mz
Da Fcsfrs o Glitch energy magnitude (at mid-scale transition)
PL1, PXI, DAQPad for IEEE 1394, ~. DMA, interrupts, programmed /0 Stability
DAQCard, DAQPad for USB Interrupts, progi d!/0 Gain temperature coelficient {except 6024E, 6025E)
OMAmodes L T U — 25 ppry°C
POl PXI, DAQPad.....oooeeo Scatter-gather (single transfer, demand transfer)
Tnnsfer Characteristics
After calibration
B062E, DAQCard-B024E. +0.5 LSB typical, +1.0 LSB maximum
Mlobers..__.___.. 0.3 LSB typical, 0.5 LSB maximum
Befoe calieaton........________ 44 LSB maximum
Ater calibation
S06ZE, DAQCArG-B024E ............ +0.5LSB typical, +1.0 LSB maximum
Al 2 RA O +0.3 LSB typical, +1.0 LSB maximum
Belore calitration e #3158 maximum

Voltage Qutpy
Stouging DC
“’W'Wedarm- 01Q
___ Ranges

g‘g.m& +10V, 01010V, 2EXT REF. 0 to EXT REF;

foves <" ' software selectable

R0 e 10V, +EXTREF, software selectable

J 10V

15mA

jonal Instruments © Tel: (800) 433-3488 © info@ni.com * nicom 8
Nation




2-Bit E Series Multifunctiop
pAQ Specifications

specifications — NI 607xE, NI 606xE, NI 6040F, Nj 602xE (continued)

N

Digital /0
Number of Channels
= | 2w
| B input/output
Alohers
B SVTIL
B0 S8 e INPUL (high-impedance)
Digiallogic levels
A7
Level Minimum (V) Maxi w
Trptlowwlage L .0 Sk 0BT
puthigh voltage iR 5 il .20 S 0
Qutput low voltage (lo,e = 24 mA) - 04
Output high voitage {le = 13 mA) 4.35 -
Pl T, P75, P3.<0.T>
Lovel Minimum (V) Maxds \)
TR R R R RS GH0BRT
Input high voltage 22 50
Ouputlowyoliage (lout =25 mA} 1} i e S
Output high voltage {lout =-2.5 mA) 3.7 =
Data Trans
B25E- . o .| Interrupts, programmed U0
Al others l Programmed 1/0 3
- Trnsferrate (1 word =8 bits) - - - . - - -
Maximum with NI-DAQ, system dependen
Transfer Rats
_DAQPog-8070E | S0 Skwords/s:
All gthers 50 kwords/s
Constant sustainable rate. 110 10 kwords/s, system depend:
Timing 1/0
Number of channels 5
Up/down counter/timers.. < 2
FBQUENCY SCAle...ovoeerre s e 1
Resolution
Up/down counter/timers................. 24 bits
Frequency scaler....... 2 A
Coopmtbiityis e 5V/TTL
Base clocks available
Up/down counter/timers . 20 MHzand 100 kHz
Frequency scaler............. .. 10 MHzand 100 kHz
Base clock aCCUaCy oo 10.01%
Maximum source frequency
 Un/down counter/imers.........ev... .. 20MHz
Mf“mﬂmpulsa duration 10 ns, edge-detect mode
Misimum gate pulse duration.................... 10 s, edge-detect mode
Data transfers DMA®, interrupts, programmed /0
*Bxcept DAQCard and USB DAGPad

Triggers
Analog Triggers
Number of Triggers
607xE . ST T
6O6Z2E - [ . !
B02E None
Purpose
Analog input.... e
Analog output.......... 5

General-pumose counter/timers...........
Source.
Level
Intemal source, AkD.15/63>.................
Extemal source, PFl 0/Al START TRIG ....._.

Slope.

Recnliti

. Startand stop trigger, gate, clock

Start trigger, gate, clock
Source, gate
All analog input channels, PFl 0/AI START TRIG

full-scale

10V

Pasitive or negative; software selectable
8 bits, 1in 256

Bandwidth (-3 dB)
Devics Internal Source External Source
| 607xE ZMHz 7 MHz
6062E a5 500 kHz 25MH;
6040E + - - . 650kHz - 3MHz

« Hy

Digital Triggers (All Devices)
Purpose
Aal0G I Pt e

Analog OULPUL .ceveecoecmesmemscerrece
General-purposa counter/timers —..........
Source.

COMPAIDIIY s

Pulse width

Start and stop trigger, gate, clock

. Start trigger, gate, clock

Source, gate

PA <0..%>, RTSI <0..6>
5V/TIL

Rising or falling edge
10 ns minimum

External Input For Digital Or Analog Trigger (PFIO/TRIG1)

Impedance
6062E
(177 1) S ——

Coupling.

Protection
(VT 1] ——————

Calibration

ded wamm-up time.
(0110 L | —————y
Onboard calibration reference

(1] | (——————

p coefficient
LONG-teAM StabIlitY e sremeomereee

National

12kQ
10kQ
oc

0510V, +0.5V

15 minutes; 30 minutes for DAQCard and DAQPad
1 year

5.000 V {+3.5 mV) over full operating temperature,

actual value stored in EEPROM
45 ppmy°C maximum

+15 ppmy/y/1000h

Instruments © Tel: (800) 433-3488 © info@ni.com * ni.com
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12-Bit E Series Multifunctiop

pAQ Specifications

speciﬁcations — NI 607xE, NI 606xE, NI 6040E, NI

gTSI Bus (PCI and FireWire only)
Tige s’

602xE (continued)

DAQPad (30 ¢m enclosure)...

.............. 25.4by30.7 by 43 em
] DA (10by 12.1 by 1.7 n)
ol - e QPad (15 em enclosure)......... 146by21.3 by 38cem
FireWire m
Daaeay (58byB4by15in)
pXI Trigger Bus (PXI only) Type Il P Card
Tiggerines 8 V0 Connector
L — T | ;6.“705 it 68-pin male 0.050 D-type
Bus Interface | 6020
0, PXI, FireWire (DAQPad).....omrommee - Master, slave BOZE "
USB{DAQPR) e rrmrsnrns SaVE ;i'asgzr‘fe : S
DAQCard) Slave ard-6062E, 68-pin female VHOCI
PVCA . DAQCarg-B024€
Power Requirements® Gl 100-pin female 0.050 D-tpe
Devics +5VDC (5%)° Pawer Available at /0 C —
POROLE PXSITAE [ T LTA | +465104525VDC, 1A £
SO40E _10A | L465104525VOC,1A Environment
DADCarG06ZE | -+ ‘340 mAtypical | ' 4465103525 VDC, 250 mA T | Operating 0t055°C
e RO mA e e e RS TR 0to 40 °C for DAQCard-6062E and DAQCard-6024E with
DAQCard-§024E 270 mA typical +4.85 104525 VOC, 250 mA a maximum intemal of70°Cas 1 by
. 3 75_0.mA maximum eI ' X onboard sensor; case should not
BO23E, 6025E, DTIAY " 4465104525V0C, 1A exceed 55 °C for any DAQCard
PCIB024E - - TR L A S BT Storage -20t070 °C
Relative humidity 10 to 80%,
Device Power®* Power Available at /0 Connector y S 2 2
DAGPad 6020E ’ TTSW, 9 +30VDC | .| #4651 +525V0C, 1A Certifications and Compliances
DAQPad-6070E 17 W, 4310425 VDG +4.65104525VOC, 1A CE Mark Compliance C€
“Bxcludes power consumed through /0 connector "Refer to TSI specifications for available ATS! trigger lines. RTS! not available on DAQCards.
Discharge time with BP-1 battery pack 2Sea page 134 for AT Series devices, power requi and physical
FireWire (DAQPED) v oerererrrrcrsaenene 2.5 hOUFS, typical
USB (DAQPad) 3 hours, typical
Physical

e

Dimensions (Not Including Connectors)
i 17.5 by 107 cm (69 by 42 in)
P 18.0by 100 cm (83 by 39in.)

National Instruments © Tel: (800) 433-3488 < info@ni.com < ni.com
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NI Cable Design Advantages

The SH68-68-EP cable is the most commonly used E Series and
§ Series cable. The cable is designed to work specifically with the
NI Multifunction DAQ devices to preserve signal integrity through
e technologes:

T et vad
-
BARG RN

v

Figure 1. SHE8-68-EP Cable

A variety of cabling and accessory options are available for yo;xr- :

needs, Use the following tables to choose the most appropriate cables
and accessories.

Figure 2. Nl offers a wide variety
of cable and accessory options,
such as the SH68-68-EP cable
and the BNC-2110 terminal block.

'Pllbm Shielding Connectto Cable Adapter Accessory
_PCUPXIUSB/FireWire i R o e A PR AN AN N i S AL T S S
e SCC portable signal T SHEREBEP. = SC-2345 and modules, page 251

e AR conditioning perchannel, B d : RIS el S
Shielded SCXI high-performance SCXI-1349 - SCXI Chassis and Modules, page 270
3 R RIS signal conditioning
S L Shielded Y . Screw terminals’ SH6B-68:EP or SHEB-68R1-EP 3 iSteee L
~ BNC terminal block SHE8-68-EP - vau%-;;n, a::nzlzg,vjuc;zyosq
4 7. 50-pin connector SH6850. . - ), custom or 3rd part
s ivity box SHB8-68-EP - CA-1000, page 351
vcmgs"wmb':ﬁﬁsww T REBE8 - . TBX:68, CB-68LP CB-63LPf,
:' : s L : . - ' DAQ signal accessory .
""mp' A ) - 8BS0, custom or 3rd party
oras s S VIR - — = T mzms ;
Front-mounted screw S ESEN/ASS - ' ——
R A L e D R e R AL S (N 5 e — - - =
—  SHSB-68-EP or SHCGBU-GB-EPZ. z U081 (00
' ssg::-::::::r‘ SHCE8-68-EP or SHCE8U-68-EP2 68M-50F MIO mso,m&rg;dpanv
© | Unshielded . - Screw ferminals ! ; - DAQ signal accessory . -
Gl Ao ;;:-. { sl ne:mf . RCG8-68 68M-50F MIO €850, custom or 3rd party
Unshielded S{:pincon cable would cause mecharical hindrance.

1Unshisl

10 shielded ies and vice-ve!

rsa. 2in adjacent PCMCIA slots, bomabhswpesmmliradhsamwm
lexcept NI 6025E, which is on the next page)

Table 1. Cable Connection Specifications for 16-Channel E Series Devices and Basic Multifunction DAQ [
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LU B AIGND
& AIOGND , TS e
AR 3 No connects for boards that do not suppart AD AIBND 2 s aqy MeND friiistn  pay
aigN0 32 & Al Oruse an extemal reforenca with the SH1M06868 cabie, Mo LaiisE am AGND 252 gD
N N A Al s N A0 3 s P
AIg %88 pp 1 5.8 A A8 4 s gND
M3 3 & AI2BND AV [T men Ny RS w2 A HsEhes ws
g i 5T 6 5% GND
NIGND B & AT AIGND 32 66 a9 A0 g ::;3 A2 71 s P
NC 7 & NC A0 3185 a2 Allu‘.;i 3 m Ay AL!; 8 .58 GND
; 0 e 9 8 p3
NC 22 61 NC A3 3 8 mgND Mo BB A AN 10 &GN
N % @ NC AIGND 29 8 Ay Aillz 276 Mz A?ll; nwoe P2
7 A4 23 82 LI < TR ] 1262 GND
LU NC ne Dl Al SENSE A i e Mg A5 13 6 P
NC 2 s3 NC A2 AE 5 65 Az A3 147 64 GND
: ACHI3 26 8. Al g Al 15 65 P
N 273 NC - NS 5. 66 A3 i
ACHS 25159 AigND Aﬂ; o AR e 18 et oo
A0 2% NC AGND 28 B A NSENSE 13 . M A 18 &GN
A0 21 % AOGND ACHIS 2. 9, a7 A0 2w mm e =
ND
ETREF 20 St AOGND A00' 22:.%  meND B e A1 27U P2s
P4 13 S DGND A01' 2155 AQGND AOGND B B A3 wsﬁﬁ BEnh eoh
oEND 8 2 POD BXTREF 20 5%, AOGND P L g DoND % 1t oW
M1 WS PaS P04 1505 ponp FY B e sonez PO 5 75 P23
< DGND 18:152 pg a1 End ALSNO PIA 7 .75, GND
PS5 16 2 DGND i s A% Pl 7w P2
[ % S 7 A P05 2B 78 A
DEND 95 ¢ PO2 R Pes P2 s 19 PI5 .28 78 GND
; Pos 1659 peno $08 Az P2 “®8 1 P2
BV wam PO7 sl WENWE Al P15 ‘3 8 GND
DGND 151 48. pp2 PA3 "3 .8t A3 P13 31 81 P20
DENO. Gy PO BV 08 g R e P72 & 6ND
4o DGND <
DGND .1; ‘u AlHOLD _DBND 13 47 po3 AT T '] 5V 3 8 ;Irz)
PAUAISTART 1 45 EXTSTROBE DEND 112: 4 AlHOW X 5V 38 A48 45V 35 85 . PI§
PAIREFTRIG 10 4 DGND PAWAISTART 11, 45 EXTSTROBE mmsr:oo:: : : ﬁﬁ m?rgg;g : St
85 s bt
DGND 8 &3 PRZAICONV PAVREFTRIE 10 44! DGND ; ::mfrm B 8 AF PRVAISTART 33 ° 88 i)
e DEND "9 & pAZAICONV TRIE 29 83 AIS0 PRIMEFTRIG 33 89 P4
8 42 PAYCTRISAC VLT . i o Sac PAZAICONV 40 -9 AIS PAZAICONV : 40 | S0 GND
DGND 7 41 PRA/CTRI GATE ke PAJCTRISAC 41 91 AISI PAICTRISAC ' 41 ‘9t . P13
el e cues . DEND 7 PR 4/AI CTR 1 GATE PA4CTRIGATE & @2 AIS3 PAATTRIGATE 42 52  GND
PASADOSAMP 6 ‘40 cmiour CTR10UT Qa x A152 CTR10UT 48 x n2
PRUAOSTART ‘5 3 DGND VRS % b ::g:gé#: saass Aa PAVAOSAMP . 44 9%  GND
% o 45 %5 s PR B/A0 START 45 95 PL1
DGND -4 33  PA7/AISAMP DGND 4 B PRIAISAMP PRTAISAMP 46 % AIG! PATAISAMP [-457 .9 = GND
PASTTROGATE 3 X PAXCTRO oCTR g P PASCTROSRC 41 97 AISA PRUCTROSAC 47 91 PO
> SHe Lozl OBATE % i) DSHC PFIS/CTR 0 GATE a £ A162 PAY/CTRO GATE 48 % GND
ClROOUT 2 % DGND CTROOUT 2. . DGNO CTROOUT . 43 ~%3. AISS CTROOUT 49 99 45V
FOUT 1 3 DGND FOUT 1 35 DGND FOUT 58 100 AR FOUT ~ S0. 100 GND
figure 3. S Series Devices Connector Figure 4. }/0 Connector for 16-Channel Figure 5. /0 Connector for Figure 6. /0 Connector for
E Series and Basic Multifunction DAQ 64-Channel E Series Devices the NI 6025E Device
Devices, except NI 6025
- -
E Series Devices (NI 6031E, NI 6033E, NI 6071E, NI 6025E)
Platiorm Shielding Connectto - cablo Cable Leg Adapter Accessory
R e R R ; R T
< sm H SR Db - S wu.anninals SH100100 - it % . Scs-100
. Shielded S0 Screw terminals: i MIO: = SCB-68
. Shielded | _vSuewterimmals Sﬂlmms o] i » - s
1 Shieiad i R s e oeme ©MIO: - TBX-68, CB-68LP, CB-68LPR,
Shielded Screw terminals DAQ signal accessory
. y g kg - SH1006868 Extended: - TBX-68, CB-68LP, CB-68LPR "
- Shielded 17 - Screw terminals® . SH1006868 Mio: - BNC-2110, BNC-2120, BNC-2030
Shielded BNC terminal block S0 Exndad £ ; BNC-2115
s s B e R " SHio0868 MI: 68MSOF MIO Custom or 3 party
Shielded SRS Coet SH1006868 Exended: 68M-50F Extended Custom or 3cd party
Shielded | | | i TPt R1005050 MIO: = gumm Of;r: party
i in connector : 3 2 S | ustom or 3rd party
& Unshieded | _50-pin connec RIO0S050 Extended:
1Sh. &
Shielded cabla with unshielded accessaries
Devices and the NI 6025E

Table 2. Cable Connection Specifications for 64-Channel E Series
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