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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 

Lab VIEW 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. 

In recent years, teaching methods have gone through a number of changes. 

Significant among these changes is an increased use of technology. Professors now 

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

lecture 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 

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

computers to acquire real-world signals, perform advanced analysis and present the results. 

However, only a limited number of instructors have made use of this technology, in part 

because of the perception that the use of computers will compromise the traditional hands­ 

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 allows students who do not have access to a physical lab 

to monitor and control experiments over 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 [l]. 

Virtual laboratory experiments are practical and effective educational tools. They 

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

students for actual laboratory performance. The benefits include cost effectiveness and 

convenience. With a virtual simulation, a procedure can be repeated without cost of 

2 
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materials and labor, damage on equipment, or loss of class time. Also, multiple equipment 

r ;.J stations are not needed, lengthy experimental setups are avoided, and one-time or remote 

J field tests are facilitated. With a virtual laboratory, the student users control the pace, 
S :frequency, and time of the experiment. Also, distance learners can participate [2]. ·) 

Foy,co 
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 ,--? 

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

, ./.· lack of laboratory resources. Lab VIEW is a tool that offers all of these features today. Easy 
·,/> to program, Lab VIEW allows both real-time connectivity to and simulation of existing labs 

[3]. 

National Instruments Lab VIEW: 

Lab VIEW is a graphical programming language based on the concept of data flow 
programming. Many engineers and scientists in industry and academia have adopted 

Lab VIEW for data acquisition and instrument control applications. Functions in Lab VIEW 

are referred to as VIs (Virtual Instruments). Lab VIEW has VIs for data acquisition, data 
analysis, and data visualization and presentation. The data acquisition Vis allows you to 

acquire data from a real-world source. Consider an experimental setup in which you 

connect a thermocouple, measuring the temperature of the room, to one of the channels of a 

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

pN J 

\ 

I ' l ,, 

t I ' ) 

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 Deviation. Lab VIEW also provides tools such as the VI Server and Data Socket to, r Al 
allow distribution of experiments over a network of computers. The VI Server allows one 1 I 

machine, which runs Lab VIEW and VIs for different labs, to act as the server. Students can 
access experiments from their home. computer or any other computer connected to ue 
network. Their computers, which need not have Lab VIEW installed, will have standalone .J \ ' ' 
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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 LI© 
use of a "Data Acquisition board". The lab will illustrate that the integration of computers 
and electronics. Also, aim for expanding the learning for students in the laboratories, they 

will get to work in smaller work-groups, they will have additional time to access the 

equipment, the computerized data acquisition will eliminate slow and cumbersome methods 

of collecting some of the data, and the students will be able to see the basic engineering 
principles and phenomena displayed with less procedural details. So the students will take 

the result for any experiment directly from computer. 

4 
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1.3 Literature Review 

There are many project design under the title Computer based Leaming with Lab VIEW 

such that: 

} The virtual 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]. 

l 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, liquid level, and temperature. Each 

engineering system is a non-linear, single-input, single-output system and each 

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 Lab VIEW [6]. 

4 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 
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title. The EL VIS 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]. 

al 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 ', ·:.l-f 

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 Lab VIEW [8]. 
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1.4 Project Estimated Cost 

1.4.1 Hardware Components Estimated Cost 

Table 1.1 Hardware Components Estimated Cost 

connecter block 70 

112.5 

PC Pentium (4) 2400MHz, 256 MB 
RAM, 40 GB HOD 

1000 

1732.5 

1.4.2 Software Components Estimated Cost 

Table 1.2 Software Components Estimated Cost 

Lab VIEW programming language 

100 

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$ 
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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 112.5 

5­ PC Pentium (4) 2400MHz, 256 MB 1000 

RAM, 40 GB HDD 

Total cost 1732.5 

1.4.2 Software Components Estimated Cost 

Table 1.2 Software Components Estimated Cost 

Component Estimated cost ($) 

1­ Lab VIEW programming 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 + I 000 = 2732.5$ 

1.5 Time plan 
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1.5 Time plan 

Table 1.3 Time Plan 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24, 25 26 27 28 29 30 31 32 

learn the lab 
view software 
and data 
analysis 
Design 

Implementation 
Testing 
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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 Lab VIEW 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. 

9 



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 "Lab VIEW "and hardware component 

"DAQ card" used in the project. 

2.2 Project components 

2.2.1 Software Component 

~ Lab VIEW Software: 

Lab VIEW (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. Lab VIEW is a program used to automate testing and 

data gathering. 

Lab VIEW 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, Lab VIEW uses dataflow programming, where 

the flow of data determines execution. The user can set up the program to manipulate and 

store data. 

'» I 

Lab VIEW is a revolutionary graphical development environment with built-in 

functionality for data acquisition, instrument control, measurement analysis, and data 
presentation. Lab VIEW gives the flexibility of a powerful programming language without 

the complexity of traditional development environments [9]. 

12 



Lab VIEW 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, Lab VIEW has 

open connectivity with Other Applications and furthermore. 

Lab VIEW 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. 

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

range of control applications, measurement at minimal cost. 

Introduction to Virtual Instruments 

Lab VIEW 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: 

• Front panel: Serves as the user interface. 
• Block diagram: contains the graphical source code that defines the functionality of 

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

VI. A VI within another VJ is called a sub VJ. A sub VI 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. 

[f] Untitled 1 "' ~~ l!lif £! 

Figure 2.1 Digital Control 

Controls= Inputs from the user= Source Terminals 

ij·'·~- - ,., -···.-,·····- . . .. -······ --;~;;·f·~·,:;gi, 
i. ! le=i 
[Ee "_,j? _=="{[ii\ ] 
!i 

Figure 2.2 Digital Indicator 

Indicators = Outputs to the user = Destination 

14 



Block diagram :window holds the graphical source code of a Lab VIEW 

Where Front panel objects appear as terminals on the block diagram. 

Additionally, the block diagram contains functions and structures from built-in 

Lab VIEW VI libraries. Wires connect each of the nodes on the block diagram, 

including control and indicator terminals, functions, and structures. 

Figure 2.3 Function Source Code 

15 
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❖ Icon and Connector: 

[] 
Icon 

Terminals 

i 
• An icon represents a VI in other ? 
block diagrams ' 

• A connector shows available 
terminals for data transfer (' ~ 

connector 
Figure 2.4 Icons and Connector 

• Icon: is a graphical representation of a VI. It can contain text, images, or a 

combination of both. 

• Connector: shows terminals available for transfer or data to and from the sub VI. 

Relationship between control panel and block diagram: 

When you place a control 
(or indicator) on the FRONT 
PANEL 

· ~ !Digital control! 
" [st] 

smmmis"w 
F :.:, . ....,, ... .....__... .. ·- ·-· --- ... - -······· 

]",_' a.i .ii .. 

I 
l 
; 

Lab VIEW automatically creates a 
corresponding control ( or indicator) 
terminal on the BLOCK DIAGRAM 

h
. b tween Control Panel and Block Diagram 

Figure 2.5 Relations ips e 

16 
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►

Why Use Lab VIEW 

Lab VIEW is an easy-to-use interactiv . . . ' e, so students can write sophisticated programs 
and applications in a shorter amount off . . . . . • time without needmg a computer science degree. In 
addition, teaching LabVIEW has the followi b ·fi IC Ing enefits: 

• LabVIEW provides open co f • • nnectivity with other programs such as matlab, Excel, 
and more. 

• Lab VIEW is easy to learn and use so you can focus more of your time on teaching 

theory, and less on teaching programming. 

• Lab VIEW is widely used in industry, employable skill for students to learn. 

2.2.2 Hardware Component 

~ Data Acquisition (DAQ): 

DAQ is an abbreviation for data acquisition. Therefore a DAQ card is a basic AID 

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

of the AID, 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 

the AID converter and associated interface components is obtained directly from the PC 

bus. 

DAQ card today is more than a simple AID function on a board. A data acquisition 

card can offer measurements of up to 68 channels at a resolution of 16 bits, with data 

throughput rates up to 200KS/second. A data acquisition card can often include discrete 
digital bi-directional IJO lines, counter timers, and D/A converters for outputting analog 

signals for control applications [l O] • 

17 
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Breakout box 
Local Bus connection 

+ [rt • • ~ . 
. . 

Data 
Acquisition 

board 

cable 
connector 

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 

turn a personal computer into powerful measurement system that may be used to automate 

experiments, construct product test stands, monitor and control production equipment or be 

embedded in products ranging from medical monitoring systems to automobile test 

simulators. 

DAQ card converts analog signals into a 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: 

• Resolution: 

When acquiring data.to a computer, an Analog-to-Digital Converter (ADC) takes an 
analog signal and turns it i t b · b n ° a unary num er. Therefore, each binary number from the 
ADC represents a certain voltag l l Th ADC · · e level. 1e 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. 

• 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. 

• Gain: 
Gain refers to any amplification or attenuation of a signal. The gain setting is a 

scaling factor. Each voltage level on your incoming signal is multiplied by the gain 

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 
minimum 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 

b d 
· l and the chosen range all you need to know is the minimum and 

ase on your signal > 

maximum values of your signal. 

19 
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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 quickly install devices and begin data measurement. 

This easy-to-use software integrates the full functionality of DAQ hardware to Lab VIEW, 

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/0 channels and numerous example programs for Lab VIEW 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 Lab VIEW software. 

I%sew loo» _ 
. . ·. · ... : __ · · .. ,., 

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. 
• 68 pin connecter. 

• Sampling rate is 200kS/s. 

• Two 24-bit counters . 

21 



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.IO(a) and 2.10b) [12] . 

PCt Data Acquisition WITHOUT Bus Mastering 

fro] 
·, ... ~, ....... , ·. . . . .. ·. .. P.' C,,nhOI I r T,.n.i,r.,RAM , 1 ·.:_DlltB ,.,~·. -- . corr@iiy , <- <7 ,}}+l] 

. lit $-OP~ . . !~t~ '_: . . . ·._. . . ".1 . 

T tier Without Bus Mastering (Conventional) Figure 2.9(a) Data rans 
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Data Acquisition YTIH Bus astoring 
~. . .. ·. . .. ·. 

. . 

/Figure 2.9(b) Data Transfer with Bus Mastering 
\.!'' -- - -- r! . 

/ 
;v,p 
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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 f · d · · · · o) project tesign, 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: 

l Study the concepts of computer based learning and virtual lab. 
al Learn how to use the data acquisition board. 
4 Build computer programs to collect data into the computer through DAQ card. 

al Learn basic programming skills with Lab VIEW programming language. 

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

Lab VIEW programming language and DAQ card. 

l Design and build the black box (connecter) that will be used with DAQ card. 

25 



p 

3.3 General Block Diagram 

The block diagram in Figure 3.1 shows the bas· 
acquisition system IC components of a computer data 

(1.-[ oaer ] 
r-=-=-----~£~ I LabVIEW Soflw.n-e I 

DAQCard 

Black box 
(Connecter) 

Experiments Power Supply 

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 

converts voltage signals, the data acquisition· card has other capabilities like digital to 

analog conversion, counter/timer circuits, and digital I/0 ports. The National Instruments 

NI DAQ drivers allow the data acquisition board to communicate with and store the binary 

information in the computer. The National Instruments Lab VIEW software provides the 

capability to process, analysis, implement and display the data. 
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3.5 How the System Works 

I. 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 
Lab VIEW 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 

'Lab VIEW 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 usemame, and password as shown in figure 4.1 

that aUow 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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I; lictrical Circuits Lalk 
I 

Cboosey,,urexperimenJ : 

AC mcilsurmcnt 

Charging and discharging capacitor 

Osc,lloscope 

Fillers 

Ohm's law 

Capacitor Heasurmer 

Maximum power transfer 

lmchhoff's laws 

,-•-··-, mas g 
. !_·_•_._! 

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: 

I. Select the proper components. 
2. Connect ohm's low experiment on external breadboard that supplied the circuit from 

external DC power supply. 

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

5. Connect the voltage of RI to channel al, a9 on the connecter block. 
6. Connect the voltage of R2 to channel a2, al0 on the connecter block. 
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7. Connect the voltage of R3 to channel a3, al 1 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. 

IO. Enter the value of resistors (RI, R2, and R3) as connected on the breadboard. 
I I. 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 

(RI, R2, and R3). 

Output of process: 

Display all: 

• Voltage source(E) 

• The voltage of resistors (VR1, VR2, VR3) 

• The current of (RI, R2, R3). 

• The power of the circuit. 

• Graph of the voltage source (E). 

• Total resistor (RT). 
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I 
I 
I 

procedure: 
! Connect the circut on tle 
bread board as shown 
in the circuit below. 
then the student should 
do the following: 
L. Set DC' power supply to 

( 0 volt). 
1 :. Com1ectchanelaO-aS 

I to the voltage source. 
3. Connect chanel al-a9 

to vl(RI). 

I 
-1. Com1ert rhanel .11-alO 
to v2(R?). 

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

6. Determine low limit 
and high limit ofthe 
voltage source (E). 

1

7. Enter the value of(Rl. 
, R1.R3) as Co1mected 011 

bread board. 
S. Run the experiment. 

Figure 4.4 Ohm's Law Screen 

Process of Lab VIEW: 

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

E 
[==­ 

RT 

Where: 
I: circuit current. 

RT: total resistors. 

E: voltage source. 
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.Calculate the total resistors of the circuit as shown in th t· e equa 10n: 

r-a[ER] 
R3 -+-R2 

Where: 

RT: total resistor. 

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

E 
P=- 

R, 

Where: 

P: circuit power. 

E: voltage source. 
RT: total resistor. 

- Graph the voltage source (V). 
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4,3.2 AC Measurement Experi 1men t 

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. 

3. Set AC power supply to O volt. 
4. Connect the voltage source AC to channel aO, a8 on the connecter block. 

5. Connect channel al, a9 to V (A-B). 
6. Connect channel a2, alO to V (B-C) 

7. Connect channel a3, all to V (A-©) 
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8. Set AC voltage range of power supply from (0-10) v. 
9. Enter the value of resistors (RI, R2, and R3) as connected on the breadboard. 
IO. 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: 

• AC Voltage source. 

• The voltage of resistors (VRl, VR2, VR3) 

• The current of (RI, R2, R3). 

• Total resistor (RT). 

• Graph of the AC voltage. 

• The value of r.m.s voltage. 
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.. AC Measurement Procedure: 
c:01mert the rirrut on the 
bread board as shown 
in the cit ruit . 
the student should do : 
1. Set DC pm,·er supply to 

(0 volt ). 
2. Cormprt rhanel aO-aS 

to the voltage source 
(AC). 

3. Com1ert rhanel al-a9 
to (A-). 

4. Cormert rhanel a2-al0 
to V(A-B). 

5. C'onect chanel a3-all 
to V(B-C). 

6. Set DE voltage range of 
power supply from (G-10) 

7. Enter the value of (RI. 
R2.R3) as connected 
011 the bread board. 

S. Run the experiment. / 
9. Enter the value of peak 
to peak as shown in the 
graph. 

Figure 4.6 AC Measurement Screen 

Process of Lab VIEW: 

- Calculate the value of the current through each resistor. 

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

Where: 
RT: total resistor. 
Rt, R2, and R3: input resistors. 

- Calculate the r.m.s value as shown in the equation: 

P-P 
rms° 5,5 
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Where: 

r.m.s: root mean square value 
p-p :peak to peak. 

• Graph the relation between time and AC voltage 
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4,3.3 Kerchieff's Laws Exp ° ermment 

Experiment Setup: 

Figure 4.7 Kerchieff's Law's Design 

Procedure: 

1. Select the proper components. 
2· Connect kerchiefs laws experiment on external breadboard that supplied the circuit 

from external DC power supply. 

3. Set DC power supply to O volt. 
4· Connect the voltage source (El)to channel a0, a8 on the connecter block. 
5. Connect the voltage source (E2) to channel al, a9 on the connecter block. 

6. Connect the voltage ofRl to channel a2, al0 on the connecter block. 
7. Connect the voltage of R2 to channel a3, all on the connecter block. 
8. Connect the voltage of R3 to channel a4, al2 on the connecter block. 
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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 El. 

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

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

14. Follow the experiment on the screen. 

Input ofDAQ card: 

The DAQ card will measure the value of voltage source (El, E2) and the voltage of the 

resistors (RI, R2, and R3). 

Output of Process: 

Display all: 

• Voltage source(El) 

• Voltage source(E2) 

• The voltage of resistors (VRl,VR2,VR3) 

• The current of R 1. 

• The current of R2. 
• The current ofR3. 
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Procedure: 
Connect the rirrut on the 
E':\iemal bread board as shown 
in the ri.rruit ln•low . 
the student should do: 
l. Set DC power supply to (OV). 

Connect chanel a0-as to the 
voltage source(El). 

1. Cmmert rhauel al-a9 to thP 
voltage source(E?). 

3. Connect chanel a2-al0 to VI. 
4, Connect chanel a3-all to V2. 
5.Connect chanel a4-al? to V3. 
6. Set DC voltage range of 

power supply from (0· 10) V. 
~. Detenn.ine low limit and high 
llinit of the voltage source 

' (Ell and (E2y. 
S. Enter the value of (Rl.R'.?. 

R3) as connected on dread 
' hoard. 
Q, Run the experiment. 

Figure 4.8 Kerchieff's Law's Screen 

Process ofLabVIEW: 

- Calculate the value of the current for each resistor.· 

Where: 
I: circuit current. 

RT: total resistors. 

E: voltage source. 
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4,3.4 Capacitors Measureme t E . n xperiment 

Experiment Setup: 

r±, ..__ __JJao 

Figure 4.9 Capacitors Measurement Design 

Procedure: 

1 · Select the proper components. 

2· Connect capacitor measurement experiment on external breadboard that supplied 

the circuit from external DC power supply. 

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

5. Connect the voltage of Cl to channel al, a9 on the connecter block. 
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6. Connect the voltage of C2 to channel a2, al 0 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 (CI, 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 (Cl, C2, and C3). 

Output of Process: 

Display all: 

• Voltage source(E) 

• The voltage of capacitor (Vc1, Vcz, Vcs) 

• The total capacitor. 
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Procedure: 
f"ormt'rt the ri.J rut on the 
external bread hoard as 
shown in the circuit 
the student should do the 
following: 
l. C'ounect chanel a0-a$ 

to the voltage sour ce(E;. 
:?. Coru1('rf rha.rrel aJ..19 
to Vr l. 

3. Connect chanel a2-al0 
to \"(r:?-r3). 

-4. Run the experiment. 
::. Dl'tl'nnine low linut am! 

high limit of the voltage 
sow re. .. 

6 Entrr the value of II. 1. 
. C:!.C3) as rormertrcl 011 
the hread hoard. 

Figure 4.10 Capacitors Measurement Screen 

Process of Lab VIEW: 

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

Where: 

CT: total capacitor 
C1, C2, CJ; input capacitors 
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4.3.5 Charging and Dischar . gIng Capacitor Experiment 

A, Charging Capacitor: 

Experiment Setup: 

Figure 4.11 Charging Capacitor Design 

Procedure: 

1. Select the proper components. 
2. Connect charging capacitor experiment on external breadboard that supplied 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. 

5. Connect the voltage of c I to 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= 4 Mt) and · t (R 

> resistor =3 K©Q) as connected 
on the breadboard. 

8. Close the switch (Sl) to charge capacitor {C). 
9. Run the experiment user interface. 

IO. Follow the experiment on the screen. 

JnputofDAQ Card: 

The DAQ card will measure the voltage of the Charging Capacitor {Ve). 

Output of Process: 

Display all: 

• Time constant. 

• Charging time (r). 
• Voltage of charging capacitor 

. It and the number of time constants. • Graph the relation between the capacitor voltage 
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Figure 4.12 Charging Capacitor Screen 

Procedure: 
C 'onnect the circut on 
the b1 ead board as 
shown below. 
the student should do 
the following: 
l, C'onect chanel a0-as 
to capacitor (C'l). 

:: . Run the experiment. 
. ,. Enter the value of (R. 
')y as connected on 
bread fiord. 

4, {'lose (S1)to charge 
rapadtor((' l ). 

:'-. Click collecting data 
button h'hen char gin.g 
time = clock(sec). 

CJ. Stop tltl.' experiment. 
-. Select discharging 
raparitor page. 

S. Return step 2.3. 
9. CloseiS'.!!to discharge 
raparitor((TJ. 

lU.Retum step 5. 

.,. 

Process of Lab VIEW: 

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

Charging Time=R *C*t 

R: resistor 
C: capacitor 

t: number of time constants. 

Graph the relation between charging capacitor voltage and number of constant time that 

Saved ma constant array in the block diagram that programmed by the programmer. 
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B. Discharging Capacitor: 

Experiment Setup: 

~ 

c1 s2 L± 

Figure 4.13 Discharging Capacitor Design 

Procedure: 

l. Select the proper components. 

2· Connect discharging capacitor experiment on external breadboard that supplied the 

circuit from external DC power supply. 

3. Set DC power supply to 0 volt. 
4. .Connect the voltage source (E) to channel a0, a&8 on the connecter block. 

5. Connect the voltage of Cl to channel al, a9 on the connecter block. 

6. Set DC voltage of power supply to 5 V. 
7. Enter the value of capacitor (C=4 Mf), and resistor (R=3 KO) as connected on 

the breadboard. 
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8. Open the switch (S.l), Close the switch (S2) t ct· 
:. to lischarge capacitor (C) 

9., Run the expenment user interface. · 

10. Follow the experiment on the screen. 

Input ofDAQ Card: 

The DA Q card will measure the voltage of the Charging Capacitor (Vc). 

Output of Process: 

Display all: 

o Time constant. 

• Charging time (r) 
• Voltage of discharging capacitor. 
• Graph the relation between the capacitor voltage and the number of time constants. 
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Procedure: 
C'onect the circut on 
the bread board as 
shown below . 
the student should do 
the following: 
l C'onnect chanel al-aS 
to capacitor (C'l). 

~ Run the experiment. 
3. Enter the value of (R. 

C'y as ronnerted on 
bread bod. 

~- Close (Sl)to charge 
capacitor(C' D). 

'5. Click collecting data 
button when charging 
time= dork(ser). 

ti. Stop the experiment. 
7. Select discharging 

capacitor page. 
S. Return step 2.3. 

, 9. Close(S:? )to discharge 
rapacitor(Cl). 

!O. Retw11 step 5. 

Figure 4.14 Discharging Capacitor Screen 

Process of Lab VIEW: 

- 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. 

- Graph the relation between discharging capacitor voltage and number of constant time 

that saved in a constant array in the block diagram that programmed by the programmer. 
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4,3.6 Filter Experiment 

A. Low-Pass Filter: 

Experiment Setup: 

Figure 4.15 Low-Pass Filter Design 

Procedure: 

1 · Select the proper components. 

2· Connect Low-pass filter experiment on external breadboard that supplied the 

circuit from external AC power supply. 

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

6. Set AC voltage range of power supply from (0-10) V. 
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7. Run the experiment user interface. 

8. Click start collecting data button when the frequency on external generator 

equal the frequency on the screen by keeping AC voltage = 5volt. 
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: 

• Voltage source. 

• The voltage of R2. 
• Graph low-pass filter response. 

:Procedure: 
I 

'. ----·--.-: -----·- I ; {-{ 
I , i! 
' I 

: i 

connect the d.r rut on the 
[hr·earl hoard as sho1m 
'below . 
the student should do the 
following: 
l. COIUl('ft rhanel aO-aS 

lo the voltage source 
AC. 

~- rom1ert rha.11el al-a9 
to R? to measue voltage 

'S. Run the experiment. 
j4. click start collecting 

data button when the 
frequency on external 
generator = constant 
fi'equenr~· on the screen 
by keeping: 
AC voltage = 5volt. 

. 416 Low-Pass Filter Screen Figure +. 
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C. Band-Pass Filter: 

Experiment Setup: 

Figure 4.19 Band-Pass Filter Design 

Procedure: 

l. Select the proper components. 
2· Connect Band-pass filter experiment on external breadboard that supplied the circuit 

from external AC power supply. 

3. Set AC power supply to O volt. 
+. Connect the AC voltage source to channel a0, a8 on the connecter block. 

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

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

7 · Run the experiment user interface. 
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Process of Lab VIEW: 

• Graph the relation between the voltage that record by the user and the frequency that 
aved·in a constant array in the block diagram that programmed by the programmer. s I 

I 
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B. High-Pass Filter: 

Experiment Setup: 

Figure 4.17 High-Pass Filter Design 

Procedure: 

1 · Select the proper components. 
2. Connect High-pass filter experiment on external breadboard that supplied the circuit 

from external AC power supply. 

3. Set AC power supply to O volt. 
4. Connect the AC voltage source to channel a0, a8 on the connecter block. 

I 

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

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

7. Run the experiment user interface. 
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8 Click start collecting data button when th frv 
. e requency on external generator equal the 
frequency on the screen by keeping AC voltage = 5volt. 

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: 

• Voltage source. 

a The voltage of R2. 
• Graph high-pass filter response. 
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Procedure: 
I ,ronner 
bread 
'below . 

i ronnert the rir rut 011 the 
bread board as shown 

'the student should do the 
following: 
I, connect chanel al-a$ 

to the voltage source 
AC. 

:. rormert rhanel al-a9 
to R? to measue voltage 

.3. Run the experiment. 
.1. dirk staut collecting 

data hutton when the 
frequency on e:..-temaJ 
generator = constant 
frequency on the screen 
by keeping: 
AC' voltage = 5volt. 

Figure 4.18 High-Pass Filter Screen 

Process of Lab VIEW: 

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

saved in a constant array in the block diagram that programmed by the programmer. 
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8 Click start collecting data button when the frequency on ext 
I 

t 
I 
th 

· ternal genera or equa e 
frequency on the screen by keeping AC voltage = 5volt. 

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: 

• Voltage source. 

• The voltage ofR2. 

• Graph high-pass filter response. 
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Procedure: 
'connect the circut on the 
[bread hoard as shown 
helow. 

{the student should do the 
: following: 
'L. connect chanel a0-as 
to the voltage source 
AC. 

:1. rormert rhanel al-a9 
to IR? to measue voltage 

:3.Run the e:-.-peri.ment. 
i➔- rlirk start roUerting 

data button when the 
frequency on e:-.-temal 
generator= constant 
frequency on the screen 
by keeping: 
AC' voltage = 5volt. 

Figure 4.2_0 Band-Pass Filter Screen 

Process of Lab VIEW: 

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

saved in a constant array in the block diagram that programmed by the programmer. 
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c., Band-Stop Filter 

Experiment setup: 

Figure 4.21 Band-Stop Filter Design 

Procedure: 

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

from external AC power supply. 
3· Set AC power supply to O volt. 
4. Connect the AC voltage source to channel a0, a8 on the connecter block. 

5. Connect the voltage ofR2 to channel al, a9 on the connecter block. 

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

7. Run the experiment user interface. 
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g. Click start collecting data button when the frequency on external generator equal the 
frequency on the screen by keeping AC voltage = 5volt. 
Follow the experiment on the screen. 9. 

put of DAQ Card: 

Tie DAQ card will measure the value of voltage source and the voltage of the resistor (R2). 

Output of Process: 

Display all: 

• Voltage source. 
• The voltage ofR2. 
• Graph Band-Stop filter response. 

.5 d-Stop Filter" Low-Pass Filter , High -Pass Filter Band-PassFilter { Band-s FF-- : 
. . . . . . . . . . ·. ... . 

· ·.-· ... ·:· ~ · : · · .. · · Filter Design 
:. 4.22 Band-Stop Figure +» 
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Process of Lab VIEW: 

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

saved in a constant array in the block diagram that programmed by the programmer. 
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4.3.7 Maximum Power Transfer Ex . periment 

Experiment Setup: 

Figure 4.23 Maximum Power Transfer Design 

Procedure: 

1 · Select the proper components. 
2. Connect maximum power transfer experiment on external breadboard that supplied 

the circuit from external DC power supply. 
3· Set DC power supply to O volt. 
4. Connect the voltage of RL to channel a0, a8 on the connecter block. 
5· Set DC voltage range of power supply from (0-10) V. 

6. Run the experiment user interface. 
7. Click start collecting data button when the resistor load on resistor box equal 

Tes' s1stor on the screen. 
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g. Follow the experiment on the screen. 

put of DAQ Card: 

Te DAQ card will measure the value of resistor load voltage VRL. 

output of Process: 

Display all: 

, Voltage of resistor load (VRL). 

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

'··I: 

" l\1aximum Power Transfer " 
·.2. 

. --·:. 

.. . transfer Screen 
Figure 4.23 Maximum Power 
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Process of Lab VIEW: 

.Calculate the value of load power as shown · th . In e equation: 

Where: 

P: load power 

RL: load resistor 

VL: voltage ofRL 

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

-Graph the relation between the load power that calculated by Lab VIEW and the load 

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

programmer. 
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Input of DAQ Card: 

The DAQ card will measure the value of AC voltage source for each signal. 

Output of Process: 

• Display the graph of two signals. 

[r==7 ? 
--- • ./_:_··:-: :-: •. :-:c r·' .. ;, :_·-:"'.-:"· <.': -., .. _, · · ·· · ··-:ii·,:'.iiiii ii,iii .• ·~"'"-~~ ~~~~ 
; ;.·. 10· · .... 
' •.,' ..... 

4­ 

· .. : ··o· 
I r :a2 
I • 

]« 
I; 
I 
I 

I 

' ., 
I • ! I • 

..... i ..... 
ii I IC 

" Ji' g A 

4 

ii®l I ) I • . . i • . 
. -- 

Procedure: 
connect Ute circut on the 
bread board as shmm 
in the circuit . 
the student should do : 
1. Set DC power supply to 

(□ volt). 
2.ConnC"ct ch.an!'! aD-aS 

to the first AC source. 
1. Connect chanel al-a9 
8. Run the exprrimcnt. 

I : . I I 
---,-- --~-LI ··: -~ --~--.J_I 

i I I • ' I 

Figure 4.25 Oscilloscope Screen 
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3 9 Connector Block Design: 4, . 

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

including eight analog input pair of channels; each pair is used to measure the voltage 
one of the component (capacitor, resistor, coil ... ). across 

-, 
.:__ · .. ; 

'A 
'-:" 

: ..... :·.:.~ _.:!~- • __ ... ·.: 'j.. • • • .·_ •. :_ : . . . • . :·: 

Figure 4.26 Connecter Block 
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CHAPTER FIVE 

SOFTWARE SYSTEM DESIGN 

5.1 Introduction 

5.2 General System Flowchart 

5.3 System experiments Flow Charts 
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S.1 Introduction 

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

5.2 General System Flowchart 

START 

Select experiment to be 
executed from user 

interface 
Select Help 

Connect Experiments 
to external 
Breadboard 

Connect channels to 
the DAQ by using 
Connector block 

r hmaent on user run the exper1III 
interface 

I Chart I System F ow Figure 5.1 Genera . 
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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: 

START 

select experiment from user 
interface 

Connect Experiment 
to external 
Breadboard 

Connect channels to 
the DAQ by using 
connector block 

input 
RI,R2,R3 

run the experiment on user 
interface 

NO 
yes VR1, VR2, VR3 

current (I,POWER 

Flow Chart 
Ohm's Law Figure 5.2: 
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5.3.2 Charging Capacitor: 

C _s_T
7
AR_: _-~.....:...._) - : 

Select . experiment fr 
interface om user 

Connect Exp . enrment 
to external 
Breadboard 

Connect h c annels t 
the DAQ by using o 
connector block 

. input 
resistor(R),capacitor( C) 

run the experiment on user 
interface 

close 
switch(sl) 

yes 
NO 

record charging voltage 
value 

display charging graph 

C END ) 

Figure 5.3 Charging Capacitor Flow Char! 
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5.3.3 Discharging Capacitor: 

select e,q:,erirnen 
from user ' Interface 

Connect F.»» p erimert 
to external 
Breadboard 

Connect channels to 
the DAQ by usin 
connector blockg 

input 
R,capacitor ( C) 

nm the experiment on user 
interface 

Close switch (S1), 
open switch (S2) 

yes 

record discharging 
voltage value 

display discharging 
graph 

( __ • _END . _) 

Figure 5.4 Discharging ,Capacitor Flow Chart 
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5.3.4 Filter Response: 

START 

select experiment fror user 
mterface 

Connect Experiment 
to external 
Breadboard 

Connect channels to 
the DAQ by using 
connector block 

run the experiment on user 
interface 

record voltage valuc 

display pass filter 
response grapl 

. Ch rt 
:. 5.5Filter Response Flow a Figure­ 
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.3.4 Filter Response: 

J 

Craw6A. Y.us.fas0x, 
~ ~1'7..em✓.o'! 
J";r<_e/.. ,;:.r, uad 

V 
rur the eperids± or £er 

iox far. 

run the Band stop 
,filter e;cr,>erirnent 

yes 

record vohage value 

F! w Chart lFigmre 5.5 Filter Response 
0 
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5.3.5 Kirchhoff's Laws: 

START 

select exp . eriment from user 
interface 

Connect Exner: Ap ;pjment 
to external 
Breadboard 

Connect channels to 
the DAQ by using 
connector block 

input 
RI,R2,R3 

run the experiment on user 
interface 

NO· 
es 

VR.I,VR2,VR3 
EL,E2 

IR1,IR2,IR3 

END 

Figure 5.6 Kirchhoff's Laws Flow Char! 
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5.3.6 AC Measurement: 

select expe . 2riment from mterface user 

ConnectEx . perunent 
to external 
Breadboard 

Connect channels to 
the DAQ by us5 . smg 
connector block 

/ 

input / yr 
t 

run the experiment on user 
mterface 

V1,V2, V3(AC) 

display source 
voltage(ac)graph 

C ) 
Figure 5.7 AC Measurement Flow Char 
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S.3.7 Maximum Power: 

START 

select experimen • t from user 
mterface 

Connect Experiment 
to external 
Breadboard 

Co nnect channels to 
the DAQ by using 
connector block 

run the expe · . riment on user 
mterface 

Resistor values 

NO 

load power 

efficiency 

Figure 5.8 Maximum Power Transfer Flow Chart 
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5.3.8 Oscilloscope: 

START 

select experiment fr . om user 
interface 

Connect 
channell ,channel 2 to 
Universal power supply 

Connect channels to 
the DAQ by using 
connector block 

run the experiment on user 
interface 

es 

display one signal 

display tow signal 

Figure 5.9 Oscilloscope Flow Chart 
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CHAPTER SIX 

IMPLEMENTATION AND TESTING 

6.1 Implementation 
6.2 Testing 

79 



6.1 Implementation 

Implementation the system was done through connect the experiments on the 

external bread board and enter signal from external device then run each experiment on 
Lab VIEW user interface. 

6.2 Testing 

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

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

signal from external experiment. 

6.2.1 Ohm's Law Test 

Table 6.1 Ohm's Law Test 

Values Expected Actual Screen 
Experiment Data 

output output 

Low limit= 0 Valid Valid Figure 6.1 
Ohm's Law Voltage 

input limit High limit= 5 
Figure 6.2 

Low limit= -1 Invalid Invalid 
Ohm's Law Voltage 

input limit High limit=12.. · 

Input RI-+(lk Ohm) 
Valid Figure 6.1 

R2= +(2k Ohm) Valid 
Ohm's Law resistance 

R3 +-(3K Ohm) 
l 

RI=-(1k Ohm) Input Invalid Invalid Figure 6.2 

Ohm's Law resistance R2= +(2k Ohm) 
R3= +(3K Ohm) -- 
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se Eat Qperata Tools Brews9 Window_ tiel . --~ ~ 9 II --·-··-····--··-···--·-----· 

VUL TAGE SOURCE» 

... ··,.;/ 
··:._.':f 

z 

procedure: 
'annect the circut on the 
bread board as shawr 
in the circuit below. 
then the student should 
do the following: 
1. Connect chanel aD-aS 
to the volt:lgc source. 

2. Connect ch:mel :11-:i!J 
to vl(Rl). 

3. Connect chanel a2-al0 
to v2(R1). 

4. Rur the experiment. 
5. Determine low limit 

and high limit of the 
voltage source (E). 
i. Enter the value of(Rl, 

IR2,1R3) as Carnectcd o 
bread baard. 

Figure 6.1 Valid Ohm's Law Test 
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ii' - •· ••••.•. 

lla 

'iOLlflU SUUlllC __ ! 

0.67 
V1\R1)(V). a. JU, _.$0•,·_-_··,·· ·, 

-+ E' a s ·: · . . : Invaf_ld · .. _. 
· · -· ·,Value· . ·, 

- . .'· ... 

procedure: 
Connect the circut on the 
bread board as shown 
in the circuit below. 
then the student should 
do the following: 
1. Connect chanel a0-a8 
to the voltage source. 

2. Connect chanel al-a9 
to vl(Rl). 

3. Connect chanel al-alO 
ta v2(R2). 

4, Run the experiment. 
S. Determine low limit 

and high limit of the 
voltage source (E). 

6. Enter Ute value of(Rl, 
R2,R3) as Connected o 
bread 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 = 1 0 

Capacitor Voltage Low limit= 0 Invalid Invalid Figure 6.4 

Measurement input limit High limit=15 

Capacitor Input C 1 = +(0.005 Mt) 

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

C3= +(0.995 Mf) 

Capacitor Input C 1 =-(0.005 MD) 

Measurement Capacitor C2= -(1.005 MD) Invalid Invalid Figure 6.4 

C3= -(0.995 Mf ) 
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" C . apacitor Nleasurement " 
. . ... 

· ){!<l':1f> :. · -out orliaiiiie1 · · 
!/~0-~05 .;;..;;)· ', .. , . -~ . . . ~- . . 

l;,g06)_ ootorRingen EID 
i ~J0,005 . ,,;;.,.,,; .. :, ·. · .... .J0.00498 ,, 

[;a@n' oat ranee 
·,· -~;0,9~-. ~::::: .· ·:: . 

.currint Circuit(mA) 

< " 
Figure 6.3 Valid Capacitor Measurement Test 

84 



_1··:'··=· 

5 

_'. __ .. _ _. ..• ·.·.·.·,·· .. -:····-· _ .. __ ·. _1,,.,. , ... ~•:._·. _ _._. - .. ·.:~.:· ·· .. : -~-.-.l 

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 RI= +(Ik Ohm) 

Measurement resistance R2= +(lk Ohm) Valid Valid Figure 6.5 

R3= +(IK Ohm ) 

AC Input RI= +(1k Ohm) 

Measurement resistance R2=-( 4k Ohm) Invalid Invalid Figure 6.6 

R3= +(IK Ohm) 
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" AC 1\-Ieasurement " Procedure: 
,g:®I 
VoltB-C(Y) asset: 
Volt A-C (V) 
I uos31 · : · 

pp J 
;111 
llt 
:a. 

RZ 
m. 

' 
I !..r, I .! • 

I i' ', I I ·' ~ ' =/ I I I \---,--\--i+-+t---+--1-. - -,::-' ---i---'----/+;,- 
1 I I I I 1,, I ' I! I I! 

u+yr; T i T % {l i 
--J-· ~-1 -'- _,:______J__l"----'~.\--+--f--+-1-- 

1 11 ,: '/ 1: J ,: /· {I] i j]/ l-4#H} 
I ·~--· 'd i_l _J..l___J_ : I : ] ¢ 1 } # # 4j ill 

I ,- . ----4--+.-r-+,---+-------;-- 
i } ,': . , I I ! I 1 11 

1.70 

' -2­ zs­ 
' ~3.0 1. · ·1 ·.- I'. · ·t . , ',f _ I ;· -, .. IC :"• • 'I - . '· l •. ·. ',ii,,I,. ._ .• :•·· _.

1
1. ·._·~ . .' 

D. . . o·.1: D.2 .. Q.3 . :0.4 .. O.S , , OJ; 0. 7 , .. O.~ u.::, - 

1mets) 

connect the circut on the 
bread board as shown 
in the circuit . 
the student should do the 
following: 
l. Connect chanel aO-aS 
to the voltage source 
(AC). 

2. Connect chanel al-a9 
toV(A-C). 

3. Connect ch:mel a2-al0 
,,, to V(A-B)- 

4. Connect chanel a3-all 
toV(B-C). 

5. Run the experiment. 
6. Enter the v-.tlue of (Rl, 

R2,R3) as connected 
on the bread board. 

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

note: 1 divition = 1 divition 
in p-p. 

. i 

< --tU' 

Figure 6.5 Valid AC Measurement Test 
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l\;Jeasurement " "AC ... ~ .i •' 
i· .. _ .. ,: ~ r,, 

.... ·= .. · 

iii' . 
. . Dt 
['., 

-,~ . . ! '1-'_J_ • : , I . I . 
+ iii 4 !i; {} f' {4 ii! ,\ Ml: ' fl {ill jg 

1~r. 1- --.-! 1-Ll--_ -111-----1--+--,_-t·+-,---+-~ 
11 11; •I I'' I 1 ·1 I_ ,, I ' I ; I I jj i 'I : Lji Tl+] {fh-!{jt! [] T [ii {TT[h l , it]]4!f]!!!}i], ; ti fi!rt;f ill ; 

1 i I I 1• I , I: I j: I ii I· i :I I 
+- .I - ;_ ! - d- t· 1_ i.t ,--1 - :--i---1H _Jr-I 
·: I : I I :', ,I ,, I I I ·1 I: I :1 I 

, 1 • ' j I I I f I f I A++ #/-l+##/ff{ti 
1 I 

1
: i 1

11; '.1, I : \ i ', I '1,: 
I -"ef-'- \.l; ·-·-\.:'-- --, \;- :---'-,--,-•·•r--r--• ~•.•- 

Procedure: 
connect lhe circut on the 
bread board as shown 
in the circuit . 
the student should do the 
following: 
1. Connect chancl aO-il.S 
to the volt:Jge source 
(AC). 

2. Connect chanel al-a9 
to V(A-C). 

3. Connect chanC?I :i1-al0 
to V(A-8). 

4. Connect chancl a3-all 
to V(B-C). 

S. Run the experiment. 
6. Enter the value of (Rl, 

R2,1<3) as connected 
on the bread board. 

7. Entl'r the value of peak 
to peak as shown in lhe 
graph. 

!!!!!£: l divition =l divitio 
in p-p. 

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 
Experiment Data Values Expected Actual Screen 

output output 

Kirchhoff's Voltage Low limit= 0 Valid Valid Figure 6.7 

Laws input limit High limit= 5 

Kirchhoff's Voltage Low limit= 0,-2 Invalid Invalid Figure 6.8 

Laws input limit High limit= 11,5 

Kirchhoff's Input Rl = +(lk Ohm) 

Laws resistance R2= +(1k Ohm) Valid Valid Figure 6.7 

R3= +(2K Ohm) 

Kirchhoff's Input Rl= -(4k Ohm) 

Laws resistance R2= +{lk Ohm) Invalid Invalid Figure 6.8 

R3= -(2K Ohm ) 
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? jtcr'clll'JI.TI -;...- . . ··• ;;ts.-ziaccgssg?_3> 

I : ::- ... - - - 

" Kirchhoff's Laws " ; 
~-----··:· Procedure: 

. r . IU(tlnl) · Yl~ ±= I 
l 
·) : 

'"'I! QA 
ff,a.r' F 

-------- 

~ - - 'F2('i'::,IJ ~~ - ,u:· , 
Cr±it R:gm±} ., ~~ 

sf. az ------- 

Rs'h) YS'Ohm) 
J~. ;!:-157 ' 

! Care: R32.A) 
j ·~r <% g9 

u,,.,J':, -~------ 

j ... 
l 

El(\'olt} - . • - 
13,.7~ i­ 

Valtage Input Lias' 
. 'lo:w_mit -. --:·_ ·-1,;g!, ~ 

~ mmll ~~ ... ~~- .. 

fZ{Va."t) t- 

Zs j 
Voltage Input Limbs • 

lswimt.: high bma 
son =rriom 

Connect the circat 1111 the 
enema! bl"l:lld binrd as sba.m 
in the cirmi1 below. 
the student shoold do the 
fDilning: 
l. Conned dmlel .iD-:iS to the 
volbge somce(El). 

2. Cannect chanel al-a9 to the 
volbge source(E?). 

3. Connect dmtel a2-::1D to VI. 
4. Conned chmel 33-311 to V1. 
5. Connect danel .14-312 to \.'3 
ti Ron the e:q,eriment. 
7. Determine law limit 3rui higjl 
limit of the volbge somce 
(El). 

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

, 9. Enter the=lneof(Rl.R2. 
R3) as counected on dread 
b!Dr'd. 

Figure 6.7 Valid Kirchhoff's Laws Test 
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"Kirchhoff's Laws " Procedure: 

. Rt(cihm)
0 

3Fi J 
v1(Volt) 
zss ] 

Current RI(mA) 

. ,_: 
.2(Ohm) v2(volt)· j. 
.. ~11 . I · · fi.~ . I · 
emrent RZ(mA).< 

2.24 
·- ------ --- 

EI(Volt) ; 
· Ji14 · 1 

Voltage Input Limits 
. . :~'fow .. 11,mlt ·.: .. ;- : . J,igh limit . 
{pm 4immi\. 
ut Df Range' = · EZ(Yolt):' , · · . . 

. ·14.35 I·.· .. 
Voltage Input Umits 

E a# 
. Out Of Range·:· 

:ltS JU 

11 • I 

o.40 -- --- I 

Connec;t the circut en the 
external bread board as shown 
in the circuit below. 
the student should do the 
following: 
l. Connect chanel aO-aS to the 
vctta·ge scurce(El). 

2. Connect chanel al-a9 to the 
voltage scurce(E2). 

3. Connect chanel al-al□ to VI. 
· 4. Corulcct chancl a3-all to V2. 
5. Connect chanel a4-all ta V3 
6. Run the experiment. 
7. Determine low limit and high 

limit 'afthe voltage source 
(El)i 

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

9_ Entet- the value of (Rl,Rl, 
R3) ds connected on dread 
beard. 

Figure 6.8 Invalid Kirchhoff s Laws Test 
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a.5 Charging and Discharging Test 

Table 6.5 Charging and Discharging Test 

Experiment Data Values Expected Actual Screen 

output output 

- Charging Input R= + 3(K-Ohm) 

and resistance, capacitor C=+4(Mt) Valid Valid Figure 6.9 

Discharging 
- Charging Input R= -3(K-Ohm) 

and resistance, capacitor C= -4(Mf) Invalid Invalid Figure6.10 

Discharging 

... i' 

ff±: 
the bread board as 
shown below . 
the student should do 
he following; 
l. connect chanel aO-llB 

. :·. -~•-•.: 
. [8­ : 3.0 

. d Discharging Test 
Figure 6.9 Valid Chargi#" 
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~--~--~l!~-~-~-~ow_!J,e_l!J_ . 
.- [e@][®] 1 

Charg1119)':apadt0.r ' .. D1scf!a1111ni1_ capaciti>~ . , 

. . . . . . L,;.. ..... --~--"'",__,;-.;....--.a- ...... -__. :.:- .. :,jg&,&; .. : . 

Fignre 6.10 Invalid Charging and Discharging Test 
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5 Maximum Power Transfer Test 
6.2. 

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

the result also plot the relation between load voltage and load resistance on the graph as 

shown in the figure 6.11. 

,, 
~ gperete Iools flroWSe_)'ilndow_ ~-- ·----·-·-···-·- .. -·.--- [5a dig[is@sian rs 3][Ls-laall-]@-] 

' " Maximum Power Transfer " 

Transfer Test :. (m Power :. 6.11 Valid Maxim! Figure ­ 
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6.2.7 Oscilloscope Test 

Testing the Oscilloscope was done through enter two signal from external power supply 

{hrough connecter block that controlled from Lab VIEW as shown in the figure 6.12. 

I . _. •. i' ._.· _:·•·· ,_.- ·., ,. :·.·<."> ; .•. , ';,',<:.: .:...:, •,:·:,,-.-~· -,,!,.,,_o~.,c: ,.:· ·i:ca:· -''.-::_..'';·.:.::· _· -:-.\<;. :-•·:: ·i: ·. , . ;.;:-: 
: ¢ -±. "Oscilloscope" 

6 
:' 4 

Procedure: 
connect the circut an the 
bread board as shown 
in the circuit . 
tlte student should do : 
1. Set DC power supply to 

(Ovolt). 
2.Connect chancl .i0-"8 
to the first AC source. 

2. Connect chancl al-:l.9 
s. Run the experiment. 

,,,•· 

-8 
• -10-5 

. 0. 

. 6.12 Valid Oscilloscope Test Figure • 

6.2.8 Filter Test: 
as not accuracy so the graph 

I fthe r.rn.s voltage w Aft . t the value O er execute this experiment 
of filter response not accuracy· 



Chapter Seven 

CONCLUSIONS AND FUTURE WORK 

7.1 Conclusion 

7.2 Future Work 
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7,1 Conclusions 

There are many conclusions that are concluded afte ki • h th; : r working with is project and in 

this section a description of the resulted conclusions will be pointed 

• Working with this project increases the knowledge of virtual lab, and its features 

and advantages over lab 
• With the Virtual Laboratory you can do an experiment and take result and 

conclusions in few time 

• Working with this project increases the knowledge of labVIEW programming 

language and its advantage 

• 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 

• The Lab VIEW environment is useful since it can be programmed with a variety of 

display options and interactivity 

7.2 Future Work 

. 1 t d as future work 
The following point can be imp emen e 

: pPU electrical laboratory ,this project may be 
• This project is done for student in •t as distance learning; that 

. d the student can use I 
developed in future on internet an , t fr m yours home on internet 

ted any experiment IO 
mean any student could be exec 
and take result. 
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• Max Power Transfer Bio k D; c iagram 
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- 
• Capacitor Measurement Bl . ockD1agram 
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"" 
• Charging Capacitor Block Diagram 
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• Ohm's Law Block Diagram 
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Low-Cost E Series Multifu . 
or 16-Bit 200 ks/s, 5 {""® Ao , na og Inputs 
E series - Low-Cost 
, l6 analog inputs at up to 200 kS/s, 
12 or 16-bit resolution · 

, Up 10 2 analog outputs at l O kS/s, 
12 or 16-bit resolution 
,8 digital UO lines (TTL/CMOS); 
pwo 24-bit counter/timers 

, Digital triggering 
4 analog input signal ranges 
.NL-DAQ driver simplifies 
oonfiguration and measurements 

Families 
·NI 6036E 
·NI 6034E 
·NI 6025E 
·NI 6024E 
·NI 6023E 

Operating Systems 
·Windows 2000/NT/XP 
·Real-time performance 
with Lab VIEW . 
·Others such as Linux 
and Mac OSX . 

Recommended Software 
·Lab VIEW 
·LabWindows/CVI 
• Measurement Studio 
·VI Logger 
Other Compatible Software 
·Visual Basic, C/C++, and C# 
Driver Software (included) 
·NI-DAQ 7 · . . 
Calibration Certificate Included 

Analog Input Max Input Analog hnily Bus In; 0utput Output Output 
nputs Resolution Sampling Rabi Range • .,. • .,. 

NIIIIEE l'Cll'(;t.1CIA·. . . 1_6~1;/8 DI, : ,:,J6,6iis-: ::,,,, 200 RS'/~'\ ' . ·±O,OS•to,±10 V, ,: :.t~~-- ResolUlion Rate Range Digital /O Counter/'Timers Triggers 

fut analog out put. 1S/s maximum when us,ng tl1& s,ngle OMA chal1n&I fut either analog input or counter/timer operations, 1 kS/s maximum for PCMC1A OAOCalds 1n au cases. 

Table 1· NI Low-Cost E Series Model Guide 

Overview and Applications 
NI low-cost E S • ultifun . 
full 

enes mi iction data acquisition devices provide 
functionalit .: ty at a pnce to meet the needs of the budget-conscious 

user. They are ideal for applications ranging from continuous high­ 
speed data logging to control applications to high-voltage signal or 
~ ~easurements. when used with NI signal conditioning. 
PX! Onize the operations of multiple devices using the RTSI bus or 
co trolrilgger bus to easily integrate other hardware such as motion 
n and ch' •. control ma me vision to create an entire measurement and 

system. 

Highly A NI ccurate Hardware Design 
Low-Cost E S · · and tech enes DAQ devices include the following features 

nologies: 

::~Drift Protection Circuitry- Designed with components 
kss than the effect of temperature changes on measurements to 
'0.00109% of reading per C. 

stun-,, a ea · boo,,_. PIOvement Technologies - Carefully designed nous€ 
@imizes the resolution. 

Onboard Self-Calibration - Precise voltage reference included for 
calibration and measurement accuracy. Self-calibration is completely 
software controlled, with no potentiometers to adjust 

NI DAO-STC - Tuning 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. 

NI MITE - ASIC designed to optimize data transfer for multiple 
simultaneous operations using bus mastering with one DMA 

channel, interrupts, or programmed I/O. 

NI PGIA- Measurement and instrument class amplifier that 
·ttling times at all gains. Typical commercial off-the­ 

guarantees set '5 . 
shelf amplifier components do not meet the settling time 
requirements for high-gain measurement applications. 

PFI Lines - Eight programmable function input (PFI) lines that can 

ftw 
-controlled routing ofinterboard and intraboard 

be used for so are 
digital and timing signals. 

7NATIONAL 
,. INSTRUMENTS"' 
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Low-Cost ~ Series Multifunction DAO 
12 or 16-Bit, 200 kS/s, 16 Analog Inputs 

·3-1w; 3pt-fetnet ESanes 
NI 6tOOf. NI631£. , NI 6052£ NI fl!!?OE. NI 6071E. , 

10 
5 
15 
2 
1 
05 
01S 
02 
QI 
Olli 

s,aidvil('(mVJ 
(VJ . 

. FS 

-10 

-5 

-25 
-2 

. ,1 
-0.5 
-0.25 
-0.2 
·0.1 
-0.05 

· O 

NMGC32£,NI633£. • . 7> 
0.0023 0.0025 0.009 

a;e veg 
PC!-6013, PC-6O14 

1.147. 
2.f In 

0.836 
0422 

0.215 

0.102 

0061 .. 

4,747 
0.876 
1.190 

.ans 
0.243 
0.137 

0.004 

, 14 .. 369: 
5.193 
3.605. 

1.452 
0.735 

o.3vs'. 
L.556 

0.789 
0405 

.ans 
0.100 

0.199 

16.504 
5.263 

0.064 0.163 
0.035 0.091 

is7s 1.232 }6.76s 
lO 1.992 2.119 5.391 
, aan; aaso zisz 
1 ~ 0.428 1.092 
as 0 0207.j>0.242 0.55a 
02 0 O.D98 0.111 0.235 au g_osg ass [:oz[ 

,B.984 
2.003 

,j 

0.0011 

0.84% 0.471 

0.106 0.069 

Mar; krunacies are valid for measurements following an internal calibration, Measurement accuracies are listed for operatiorol temperatllf9S witfm t1 •col ittemal calibratfon wnperanre .rid:t1o•c of axternalor fa:t1:J1y-C1fibra1ian ~an.n. One-year 
allration intenal recommended. The Absolute Accuracy at Full Scala calculations were performed far a maximum range input voltage (for example, 10 V for ta ±10 V range) alter cng yea¢; assuring 100 pt averaging of data. Smallest detectable voltage change in 
te input sigal at the smallest input range. 

Tab/II 2. f.Dw.Cost E Series Analog Input Absolute Accuracy Specifications 

10 -10 . 
10 0 1.201 

8,127 2.41? _ .- . 
5.685 

8.127 

Table l low-Cost E Series Analog Output Absolute Accuracy Specifications 

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

RSE Mode - In addition to differential and nonreferenced single­ 
ended modes, NI low-cost E Series devices offer referenced 
• g1 • • al urces in single-ended (RSE) mode for use with floatmg sign so 
applications with channel counts higher than eight. 

0 · · the board Temperature Sensor - Included for morutonng . 
Operating temperature of the device to ensure that it is operating 
within the specified range. 

High-Performance, Easy-to-Use Driver Software 
-DAQ % the robust driver software that makes it easy to access the 
functi nali d whether you are a • 0 ty of your data acquisition har ware, 
vining or advanced user. Helpful features include: 

&,~-- • • • an interactive 
""lUfllatic Coda Generation - The DAQ Assistant 1s 
8Uid [Illlllng 

e that steps you through configuring, testing, and progra "call 
llleas d automatl Y "mnent tasks and generates the necessary co e 
or bbVIEW, labWindows/CVI, or Measurement Studio. 

Cleane C d. ·ftware functions " ode Development - Basic and advance so help 
"@ve bee werful set to I combined into one easy-to-use yet po 

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

High-Performance Driver Engine - Software-timed single-point 
. icall y :d control loops) with NI-DAQ achieves rates of mput (typ1 yusec.mn 

kH NI-DAQ also delivers maximum I/O system up to 50 z. . 
throughput with a multithreaded driver. 

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

Ea ii scale your voltage data into the proper 
Scaled Channels - s Y M t Ready virtual 

. . units using the NI-DAQ easuremen 
engmeenng . Ii t f common sensors and signals or 
channels by choosmg from a s o 
creating your own custom scale. 

• NI-DAQ functions create the waveform 
LabVIEW Integration -_All . d data and timing information 

hich carries acquire f 
data type, w bVIEW built-in analysis routines or 

. tl . to more than 400 La h 
direc y int . n . eering units on a grap · 
display of results in engtn 

• ,port in NI-DA 7, For information on device suP 
visitni.com/dataacquisition 

tity discount information. 
Visitni.com/oem forquan 

. (800) 433-3488 • info@ni.com • ni.com 
ents • Tel. National lnstrum 
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tow-Cost E Series Multifunction DAO 
12 or 16-Bit, 200 kS/s, 16 Analog Inputs 
Worldwide Support and Services 
NI provides 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 

Recommended Accessories 
Signal conditioning is required for sensor measurements or voltage 
inputs greater than 10 V. National Instruments SOC! is a versatile, 
high performance signal conditioning platform, intended for high­ 
channel-count applications. NI SCC products provide portable, 
flexible 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 (>10 V) 
:·Syilioillleicrij,lioi. ;··:,:, .DAQIJivice•':_, •· 
High performance PC-60oE, PX-60ud, DA0Card-600E 
tow-cast, portable PC-60o. PXI-6OoE, DAQCard-600 

Signal Conditioning.' Page 
SCXI 270 scc 251 

Signals (<10 VI' 
fs-,si,,.i D • . · .' • DAOlleri cif · Tenriinal Blocki · -~Cabla .• ::Pagal 
:·,S,hie!<fed_ '•· .. ,. ,, : ,£'Cl:l!(lxxl: · . sea~ :,.,SH6868,EP: .·21.4: ; 
Shielded PXl-liOxxE TB-2705 SH68611-EP 214 
Shielded DOAOCardnaE SCB&8. ,-SHCE6868EP{ 214 as»is wiiica»" scos» z pended Warranty- Meet project life-cyale requires " ] iw \®]",\ 

and maintain optimal performance in a cost-effective way iacr L votes. ','.},,,,,,i 
ni.com/services •Terminal Bloclcs do not provide signal conditioning [le. fil181ing. ""4llificaticn. isc~tiol\ ele.L v.t,; ct, may be nea,s,ary 10 

increase tha acx:uracy of '/Dtl' meas1.1ements. 

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 

Table 4. Recommended Accessories 

Ordering Information .\: 
• ..778465-01 NI PCI-6036E ..............................~ 773561-01 
NIDAQCard-6036L 7"_ ,778075-01 
NI PCI-6034E ... - - · ·, 1i1798-Sll· : 
NI Pxi-6oisE = ' . . :.i.;;::.:117744-QL _, " Casa--""ziisio n - - , .-, - 777743~01 
NIPCL-6024E. >. .£ t:. 
~ NI PCI;6023E ·.,_ - - ·-- :. '.:... . . . . . 77742_~01 . 

Includes NL-DAQ driver software and caljbra_rion ccruficate. 
=· - - . - - -· -·-· - .. - _.::..;_ 

. ·- BUY ONLINE! 
, Visit ni.com/dataacquisition 

488 · f @ni com • ni com 3 National Instruments• Tel: (800) 433-3 • m O • • 



Multifunction DAQ Overview 
Cll"br11icn . T 

-----~ .. C!IO: 
------ . Ampii!ier 

,- .. - .. -.- - -, 
: . Ant;.. 

-, Aliasirig, • :­ 
Filter 

Anti- 
: Aliasing 1e-» 
.' ·J..f;Jter !( i I 

~~-~ ~ ~~: 
faort6-Bit c ~ 

ADC. ~- . I 

! 1 . NIMfTE. _ -E ,:- ""1:TJ;:!~[.1=::::;::L=-=·=·=,n=ll!B:.:_~._'._i_Jr'..·:! 

I 
e lp 

I 

.. il a 'ii! ..... --~1·; 
g 
. a, 

figure I. S Series HardWiJre Block Diagram 

Figura 2. E Series Hardware Block Diagram 

I· (800) 433-3488 • info@ni.com • ni.com 
National Instruments• Te . 

4 



12-Bit E Series Multifunction 
pAQ Specifications 
st" 7\"»«E Issac,woos,wises 
)1111 . • Ov,,rvollago Prataction 
An&IO!J Input .,~;-_ ,, ' Po-..o.- .. _, ""'PW'<nid011 : I 

. . ~7•E ,.,,, ·, i, /,2sv · 
llpllCIJl,acllristiCS : 6002E_,,, ._._· • . . ·;: >·-,;:~15V' ·· 

N,anbor of ci-ek , ,6040E_ .. • , ; .. , • _. , . 
16 single-ended or 8 ciHerential. . 6023E ±40 V 
!software selectable per channel) 6024E 

•· · , :- -. 6025E _sot_[_asy[4zsv. 
l11p111s Pratecled 

±25V 

s4 sale ended or 32 differential 
{software selectable per channel) 

PdiJUIIL.-------- 
Maxinun Sanlplillg Rab, 

12 bits, 1 in 4,096 g:. 
602E 
6071E 

fllhf 
1162E 
5NOE 

lilZlE 
111!4t 
lll25E 
SE 

- .. 125MS/s 
SJO kS/s 

500 IS/s single-channel scanning 
"0 kS/s muJtichanrlel ;scanrjjng·. 

200 kS/s 

A <0.15», AI SENSE 

tu44 
Al <0..63> . AI SENSE. AI seisez 

AFO Bullor Sizll 
DA0Card-6062E. 
DOA0Pad 6O20£ 

DACP ad 6070£ 
DA0Card 6024£ 
PC Pxi so70E 
6071 E. 6040E 
PCHi023E, NI 6025E, PCl-602 4E 

8,192 samples. 
4,096 samples 
2,048 samples 

snzsans 

SllxE 
llliZE 
60E 
lll!OE 

lil13E .. 
lill4t 
lill5E 

.5 

Elf 
±10V 
±SV •-­ 

±500mV 
100mV ±50mV 

~IXlllpli,,._ _ 
Maum.m wming wltage 

lsv,al t a>mmon mode) _ 

DC 

Input should remain within ±11 Vol ground 

Data translers 
PCI, PXI, DAOPad for FireWire ._______ OMA. interrupts, programmed 1/0 
DAOCard. DAOPad for use__________ Interrupts, programmed 1/0 

OMA modes 
PCI. PXI, DAOPad for Fire Wire_______ Scatter-gather (single-transfer, demand translerl 

Configuration memory size____ 512 words 

Transfer Characteristics 
Relative Ac,:uracy 

# 
soz1£ 
,61J24E 
6025E 
6020E 

• Oithored ·.•· Maximalll Uiili1hired 
. t0.5 LSB tl.5 LSB 

DNL 
: ypical ' 

t0.51S8 · 

t1.0IS8 
.09, 1.5 SB 

No missing code$......-.-------------. 1Z bits, guaranteed 

• li 1. (BOO) 433-3488 • info@ni.com • ni.com 5 
National Instruments e . 



12-Bit E Series Multifunction 
DAO Specifications 
Specificati~~s - NI 607xE, NI 606xE, NI 6040E, NI 602xE !continued)""""""-----~--~ 

Mtr C11111ctenstiCS Setmng lime to Full-Scale Srep lllf Input impedance ,._,.,..._o. , .. ·, ""-dDff ·.•. 
100 GO in parallel 8202.., 

with100pF :F} 

100 G2 in parallel with 100 pF 

100 GO in parallel with 50 pF 

4.7kn 

3kfi, .. 

Accuracy 

3kn •· ... 

--biasam,11-----­ 
.,ioffsetamnl------ 

CMR11. DC ID 611 Hz .,_. 
IIJ7,E 

li1WE 
me 

IIIZIE 
IIJZ4E 
&l25E -- 

Raae:.,· 
20V 

. · · 10V '· · ·. 
100 mV to 5 V 
10 to 20 V 

5V 
100mVID2V . 

10 o 20 V. 
1oomv"ia1v_. 

loo mvtozov 

:t200 pA 
:1:lOOpA 

f 3 
·: /:\,;•,,-. ;_:, 
00 

· .:2.psljpica('" .-1.5·ps:tVPical • 1.5s typical 
.:_j\,;inaxii"Oll!j ,~iis'iniximi,ii.-. ;-.2,µ(i)laximunj :] 
2 IJS typical 1.5 IJS typical 1.3 1JS typical 

. 3 IJS maximum Z ps maximum . 1.5 IJS maximum """ ]3gEE_]®ii l66 
«w '%%" g;KEE {pg" 

3 ps maximum 2 IJS maximum 1.5 1JS maximum 

" [ vs::d[ {: 
10 V 3 IJS typical 1.9s typical 1.2 ps typical 

5 JJS maximum 2.5 ps maximum 1.5 ps maximum 

±2. ] gr:.Ji;±E. 
3 gs typical 1.9 ps typical 1.2 IJS typical 
5 1JS maximum 2.5 1JS maximum 1.5 1s maximum . Irr-E IE 

Dynamic Characteristics 
llandwidtll 

Bps maximum ] s µs typical_·._ '., 
.:l.. . -·i _ :t2._ .• 

10 ps maximum 
®[" - ·~-- ., . ~ . - . . ~( ~· ' . 
10 IJS maximum 10 ps maximum 

1117,E 
!WE .. m 
li1Z3 E 
l'Clal2 4E 
lil25E 
IJAOCani.a'.li 4E. 
DAilPad-6o20E 

1.5Mbz ..%, 1MHr :27 
1.3 MHz 250 kHz 

.·. BOO kHz ':iso.kli_z: (i"·':! 
500 kHz 225 kHz 

!Jj.vj&_; · .. : ... 
ft6070E .. ·' 
: 607,lE .. :: .:, .. ' 

·•.J : 
600ZE 

!mlc!fi,. 
1so uh 

! 6040E-- . 
+.±; 

t", 

6023E 
PCl -6024E. 6025E 
DA0Cart-6024E 

Systom Noise (1.58- Not Including llaamiza tion) 
· Raage · · Dilhii Of · · ~- ~ · Dilliiir_Dn ,-:. I 
·:1 to-ZOV..: .o.zs. . :', .. o.,··-,.-.'' 
.. 500mV ·o.4 .. \ _:g.s" '. .. 
200mv o5.07. 

· · 1., _: 0;8,.. ..' ,0.9; 

"2" SOOmV 0;4 0.75 
200 mV 0.5 0.8 
100mV 0.B 1.0 
i'roiov· 02 05 
sow as • "g 
200 mv 0.5 
1oomv... ·o.9' 

1 toZOV O.l 
100 mV 0.7 
tOto:ZO.V· = 01 : , ;v. . o.45. 
100mV · 0;70 

1 roiov o.lJ7 
soomv o.12 
ZOOmV 0;2S 
100 mv 0.5 

.. tii_ 
0.6 
0.8 
0.65 ·; 

· 0.65: 
·o.oo· 
0.5 
0.5 
0.6 
0.7 

Deis ; 
' 607x_E. 6062£. 6040 - .. · 
60ZXE 

Crossla lk. DC ID 1111 IOlz . All Other Chlll neb ,, 
Adjacenla.ar-ls ,,. .. -90d8 [ 3f J ·-soda 

Tel: (800) 433-3488 • info@ni.com • ni.com 
National Instruments• e . 

6 



12-Bit E Series Multifunction 
pAO Specifications 
Specifications - NI 607xE, NI 606xE, NI 6040E NI 602xE ( . 

• continued) -------------~ 
nalog Output External Reference Input 

cteristics Range ,, _ 
l)llpll ()Ill ci.n.s Overvoltage protection •·••· 
~~ ~~~ E 2oageoutputs, 6~0E :::::~=:::::=::: 

r,;1£ nput impedance .•..• _ 
aAE Bandwidth 1·3 dB) 
,rd. 607xE. 6040E ···-·-··--··-··· 6062£. 
~- ~ ~--·------ 
IIJZJE Dynamic Characteristics 
....,.,;,,,..________ 12 bits, 1 in4,096 Dovu:e 
,__. Sltlfutg Tut11 for Full-Scala Slip was wuss ggirisss.E", Et 

rota owes f %lass, g"a .f 

11 V 

±25 V powered on, tt5V powerad off 
±35 V powerad on, ±25 V powerad off 
10k0 

1MHz 
SOkHz 
300 kHz 

l)oticl 

llll3E 
1'1Jl1)24( 
llll5E 
ll.lOCard-ro24E 

~- 

e].f2./42 
65O IS/s 85OS/s 800 kS/s, 400 kS/s, 
, system dependent, system dependent 

WA]:.10S/swith DMA·[' 10 S/s wit DMA 
>I 1IS/s with interrupts] 1S/s with interrupts > 
] 'system dependent.j 'system dependent' 

1 kS/s with interruptS 1 kS/s with interrupts 
system dependent system dependent 

N >.20$/6, 74J > zosts.' .<. 
'' 'system dependent I system dependent 

NIA 

N/A 

IIFOllnSiza 
aJlif.lDZE_ •. ·2.048 samples,: 
IOOE 512 samples 
1mxE . ·: Noo.i. ·.c,; ,. , ··• 

Device 
607x£.604E, 
fo:aiz4E - 
6025E 
A0card c24£ 
6020E (me.::_·· 

Reglitchi ng Disabled 
±20mv , 
t42mV ···- 

a:. 
tOOiiiV 

±4m[., 
N/A 

- . ' "7". - . ··~: __ " "" .•. 

:t30mV': . .'F. \' 

Gflll:h Duration (Al PK id-Scala Transition) 
GO7E 1.5s 
',6040E - .... 
6024E 2 pys 

6025E 
i soziJ(" 
6062£ 

Ditatmsfers 
PCI, PX!, DAOPad for IEEE 1394 .. __ 
IIAOCanl, DAOPad for USb5..------------­ 

i»AAnlldes 
PCl,PX!, OAOPad, _ 

Traafer Characteristics 
IWawa acxuracy 

Aherca6bration 
6062£, DA0Card-6024E.--.... All othef1 _ 

Bebe calibration _ 
l»ll 

Aftirca61ntion 
lniZE. OAflCanl.6024£ _ 
All other! 

,:::;cardm;-.on-_----- 
·cny_ 

6aia err (relative to external reference) 
6082£, 6O20E 9Jlxf.0040E _ 

Voltage Output 
11ni1n ....... 
,, """ ~-------- 
07£ sede 
6m; " 
lll;ie 
@g zse 

Oriw.tdri,e ~---- »a 

OMA. intenrupts, programmed 1/0 
lntenrupts, programmed 1/0 

Scatter-gather (single transfer, demand transfer! 

Noise--------- 200 µV .... DC to 1 MHz 
Glitch energy magnitude (at mid-scale traoSition) 

Stability 
Gain temperatwe coefficient (except 6024E, 6025£) 

External reference ...-------------... ±25 ppm/C 

:t0.5 LSB typical, :tl.O LSB maximum 
:t0.3 LSB typical, t0.5 LSB maximum 
±4 LSB maximum 

:t0.5 LSB typical, tl.O LSB maximum 
:t0.3 LSB typical, :tl.O LSB maximum 
t3 LSB maximum 
12 bits, guaranteed after calibration 

±0.5% of output maximum. not adjustable 
0 to 0.67% of output maximum, not adJustable 

DC 
0.1 £2 maximum 

Raops 
tlO V, 0 to 10 V. ±EXT REF. 0 to EXT REF; 

' software selectable : · · 
. tlO V. tEXT REF, software selectable 

:tlOV . . ' 

±5 mA maximum 
Short-circuit to ground 
OV(t200mVJ 

• Tel: (800) 433-3488 • info@ni.com • ni.com 
National Instruments . 
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12-Bit E Series Multifunction 
pAQ Specifications 

Specifications - NI 607xE, NI 606xE, NI 6040E NI 602xE ( . 
• continued) 

log Output External Reference Input 
isti Range. 

Olfllll 1)1,acleff 0:.. Overvo~;;;;;;;;·······-······-·-· 
,._.,a1 607xE. 6062E. 6040E •..••..•.••..••.•..• ~ 21dtageot11pU1; sozoe_ _ 

lllilf Input impedance .•. _ 
ll)ll Bandwk!th 1·3 dB) 
Sl2lf 607xE. 6040E ·-···-···-··--··-· 111241: 6062E •.. _ 
!ll2lE 60ZOE •• _ 
SJZ]E None 

11V 

t25 V powered on. ±15 V powered ott 
±35 V powered on, ±25 V powered ott 
10k{l 

1 MHz 
SOkHz 
300 kHz 

A,dllirlt------­ 
lrium update (ate 

12 bits, 1 in 4,096 

Wavelonn GMeralion 
FIR) Mode Non-RR> Mode 

Dynamic Characteristics 
Devi ca 
607E Settling lime far Full-Scale Sbip Slew Ra1II 

ZOV/µs 

D,icl 
flJhE 
IE 
siE 

ate 
P1 624£ 

IUlSE • •• 
DAOCard-8124E 

~ 

800 is/, s/s,- 7 
ijystiim dependent] system depeident 

BOO kS/s, 400 kS/s. 
stem dependent system dependent 

NIA us/swiiDA {1ouszs wibA 
/s with interrupts] 1 S/s with interupts • 
em dependent.'], system depeider' 
/s with interrupts 1 kS/s with intesrupts 

m dependent system dependent .... 

.2.l. 
IIRI Balflf Sim 

J7£,6062E 2.048 samples 
a0E' 512 samples 
9l1IE . _N'iine ., .· ,. ' 

ata transfers 

Ill, PXI. DAOPad for IEEE 1394 ·-·-··- 
DAOCanl . DAOPadfor use. _ 

DNA nodes 
lll,l'XI.DAOPad, _ 

Transfer Characteristics 
Relative accuracy 

Altercalibraoon 
~E. DAOCard-6o24 _ 
All athers. Btfon!calibrarion _ 

Oil 
her calibration 

6062£, DA0Card 6024E....... All othert _ 
Belcncalibration ----- 

loco,ieny. 
®onwiissos &ekia)" 
~E.0020E •. ·----- 8l71E.6040E _ 

Voltage Output 
~~"9----------- '"lledarce _ 

DMA. interrupts, programmed 1/0 
Interrupts, programmed 1/0 

Scatter-gather I single transfer. demand transfer! 

3#stsaaaua 
:f-:J: 

Device 
607xE, 604xE 
PCl-6024E 
6025E 
oA0cad so2E 
6020E 

Reglitching Disabled 
, --~ I .'t21l .rriY: 

t42mV 
±4mV ', ' NiA ,. . 

; :; 
N/A 

430 mV s 
Gfdl:h Duration IA! Mid-Scale Transition) 

tt, 
6024E 
6025E 

c: ] 
Noise ..----------------------------~ 200 ,D to 1 MHz 
Glitch energy magnilllde lat mid-scale transition) 

Stability 
Gain temperalllre coeffteienl fexrept lxl24E. 6025E) 

External reference.....--------------a%. ±25 ppm/®C 

:t!J.5 ISB typical,±1.0 ISB maximum 
:t!l.3 LSB typical, :t0.5 ISB maximum 
±4 ISB maximum 

:t!J.5 lSB typical,±1.0 ISB maximum 
:t0.3 LSB typical, ±1.D LSB maximum 
:t:3 LSB maximum 
l2 bits, guaranteed after calibration 

:t!l.S% of oulpOt maxiroom. not adjustable 
O to 0.67% of output maximum. not adjustable 

DC 
0.1 Omaximum 

lm1E.6040E. 
tlOV, O IO'IOV. :I.EXT REF.O.to EXT REF; 

software selectable · · 
±10 V. ±EXT REF. software selectable 

±10V • 
rret ea, ~ ··----------- 
~ ·-------------- ;/ State • 

:t5mAmaximum 
Sholt-cin:uit to ground 
OV(±200mVJ 

Tel: (800) 433-3488 • info@ni.com • ni.com 
National Instruments• e . 
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12-Bit E Series Multifunction 
DAO Specifications 
Specifications - NI 607xE, NI 606xE, NI 6040E, NI 602xE (continued) ----------=-== 
Digital VO Triggers 

Number al Chanaala Analog Triggers 
s [ f"tr wsrmr l!''°'­ g:I77 

4of] .+ sne,, 
(ppgbl(Y----w»-+-+rm+ms 
jg(y sf3boss-sssss» 
pgial logic levels 

FO.<ll..7> 
Level 

svm 
Input (high-impedance) 

Minimum (V) MaximumM 
put low voltage 
put high voltage . ,. 
Output low voltage (\,,= 24 mA) 
Oltplthighwhage(l,,,=-13 mA) 

.,0. 
20 
4.35 

: 0.8. 
: 5.0 .. 
0.4 

P!.<ll..7>, PZ.<il..7>, P3.<IL7> 
[Ml 

Purposa 
Analog input_ _ 
Analog Output _ 
General-purpose counter/timers .•• _ Source, _ 

Level 

Start and stop trigger, gate, clock 
Start trigger, gate, cloclc 
Source. gate 
All analog input channels. PA 0/AI STAf!TlRIG 

MinimumM MaximumlVl 
[put low voltage 
q,,Jlhijtvoltage 
Output low voltage (lout = 2.5 mA} · ·· 
IMpnhighwlrage (lout=-2.5 mA) 

.±% 
3.7 

0.8 
5.0 

0.4'­ 

··•,• . . 1,.··· 

lmSE 
All others 

Internal source, Al).15/63>...-.. ±full-scale 
ExternalSOUlte,PA 0/AJ STAf!TlRIG __ ±lOV 

Slop~--------- Positive or negative; software selectable 
Resolutio, Bbits, 1 in2S6 
Bandwidth (-3 dB) 
Device 

; 607xE 
6062E 
soot .\7--3 

lntemal Source 
2 MHz 
500kHz 

6so #iz 

E>cllrnalSource 
·.·. 7-MHz 
zswiHz 
\3MHz 

· Transfarrata(I wool=Bbits) - - 
Maxirmm with NI-DAO. system dependent 

Transfer Raia 
DA0Pad-li07 0E 
All others 

5 kwords/s -¢ 
so words/s 

Cmstn sustainable rat,~---- 1 to 1 O kwords/s, system dependent 

liming 1/0 
NllllberofchaMels 

Up/down counter/time,.._ _ 
Frequency scaler _ 

Resolution 

Up/down counter/timers....-.------..,, 24 bits 
Frequency scaler...--------------------.. 4 bits 

Canpatibility SV/TTL 
Base clocks available 

Up/down counter/timers _ 
Frequency scaler _ 

Basedockaa:uracy _ 
Maximum source frequency 

Up/down counter/timers...a--A 
Minimum source pulse duration.·--··-­ 
Minimum gate pulse duration...----- 
~~ transl~-------- 

20 MHz and 100 kHz 
10 MHz and 100 kHz 
±0.01% 

20MHz 
10 ns, edge-detect mode 
1 o ns. edge-detect mode 
DMA", interrupts, programmed l/0 

Hysteresi..________ Programmable 

.. Digital Triggers (All Devices) 
Purpose 

Analog input _ 
fQlq QUI[l..--=s-=+ss=+s-@@=rs» 
General-purpose counter/timeis _ 
f[%oms»sssJ 
CompatJllility _ 

Respoose-------­ 
Pulsewi111Ul.-------- 
External Input For Digital Or Analog Trigger (PA0/TRIG1) 
Impedance 

6062E-------- 
607xE.6040E-----­ 

Coupling1--------­ 
Protection 

Oigitallrigger------ 

Calibration 
Recommended warm-up time---­ 
Calibration interval-----­ 
Onboard calibration reference 

DClevel.------- 

Temperature coefficient------­ 
Long-term stability .----------- 

Start and stop trigger, gate, clock 
Start trigger, gate, clock 
Source, gate 
PA <IJ.9>, RTSI <ll.6> 
5 V/TTL 
Rising or falling edge 
10 ns minimum 

12k0 
10k0 
DC 

-0.5toV,.+0.5V 

15 minutes; 30 minutes for DAQCard and DAQPad 
1 year 

5.000 V (±3.5 m\) over full operating ternperawre, 
actual value stOred in EEPROM 
±5 ppm/?C maximum 
±15 ppm//100 l 

'fltept DAOCard and use DAOPad 

. 11 struments • Tel· (800) 433-3488 • info@ni.com • ni.com Nationa n · 9 



12-Bit E Series Multi.function 
DAO Specifications 
Specifications - NI 607xE, NI 606xE, NI 6040E, NI 602xE ( ti: vl) 

d F. w· 1 ) con mue ----=---=--~=~~ IITSI e,us (PCI an ire ire on y OA0Pad(30cmenclosurn) 25.4byJ0.7by43an 

wy"" 7 110 by 12.1 by 1.7 in.I "" OAOPad (15 cm enclosurn)_______________ 146 by WI (DAlll'adl----- 4 . 213 by 3.8 an 
In re 15.8 by 8.4 by 1.5 in.I pXJ Trigger Bus (PXI only) OAoeanL._____ Type II PC Card 

ager fines...-----»------- 8 pr,"""f". 

kes. • f] 
ct, t g&le --­ 
Power Requirements' ®i[ «owteranoaass0sys 
Dnica +SWC (:&5%)• Power Anilable atl/11 Collll8c1Dr 

_PCUi07xE.PXl-S07xE .).1 A:.'.'. · . :'t4.65to+5.25VOe.1 A · .. _. 
600E 1.0 A 4.65 to +S:2s voe; 1 A .. 

Et. :®" 
DA0Card-6024E 270 mA typical +4.65 to +5.25 VC, 250 mA 

750 mA maximum 
me.st. 07A± [:" +4E5to525VOC.1A'. 
PCH;024E....... -~ :·rf: ••; l ,- ··••:·, ,, ',· l; ~~l r,'. 1'•'". I' 

Device Power- Power Available at 1/0 Connectur 

Environment 
Operating temperatu,,., _ 

DA0Pad- 6020E 
OA0Pad-W7DE .. 

5W,49to+30VCI-, ··2, 34.65 to +525 VDC, 1.A 
17 W, +9 TO +25 VOe +4.65 to +S:is Voe: 1 A . 

Storage temperature_ _ 
Relative humidity _ 

Oto55•e 
0 to 40 •e for DA0Card·6062E and DAOCard-6024E with 
a maximum imemal temperature of 70 •e as measured by 
onboard temperature sensor. case temperaturn should not 
exceed 55 •e for any DAOCard 
-20 to 10 •e 
10 to 90%, non condensing 

Certifications and Compliances 
CE Mark Compliance ( E 

'Eltludes power consumed through VO connector 
Discharge time with BP-T battery pack 
FireWire(DAOPad)·------ USB!DAOPad) _ 

Physical' 

2.5 hours, typical 
3 hours, typical 

'Refer to RTSI specifications for available RTSI trigger lines. RTSI not available on DAOCards. 
'See page 134 for RT Series devices, powe r requirnments and physical parametern. 

Dimensions (Not Including Connectors) ... _ 
Pl.---------------------------%.. 17.5by 10.7 6m (6.9 by 4.2 in.) 
PXl..------------------------% 18.0 by 10.0 cm (6.3 by 3.9 in.) 

National Instruments• Tel: (800) 433-3488 • info@ni.com • ni.com 10 



- 
Multifunction DAO Cable and 
Accessory Selection Guides 
NI Cable Design Advantages 
The SH68-68-EP cable is the most commonly used E Series and 
5 Series cable. The cable is designed to work specifically with the 
NI Multifunction DAQ devices to preserve signal integrity through 
these technologies: 

Fgure 1. SHfiB.68.EP Cable 

A variety of cabling and accessory options are available for your·. 
needs. Use the following tables to choose the most appropriate cables 
and accessories. 

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

l'ladann Cable Adapter 

PC,/PA,/IS B,/Fire Wire 

S1-168-68-EP. 

' SCXl-1349 

sH68- 68- P r S68 6eR1-£P 
'· . SHHEP 

.··• ,:· silsaso". , .... 
SH5SS- 68-EP 

Rs868 
R6850 

scxI cassis and Motutes, pace z70 

. ' .· SCB-68 ~ .. • . 
BNC -2110, 8NC 212O, BNc 2090 

!' c8so,custom.or3idpary '3 
CA· 1000, page 351 

TBX-68, CB-6&? cB-&PR, ..­ 
· . DAO signal accessory 
C8so, custom or 3rd party 

-·~ • ·~~ :~....i!: ·.. . N/A . 
.. •-I..: ,,frorii-:flll)UO!ed5C11'Wtenninals' · c', __ ~' ,. ··J-.-• ,. : 

r &"y ' 5saw«scsvwv: 
TB-2705 

·Saew-tetminal:d:' '·' · .:.- SHC68-68- EP or SHC68U-68-EP2 
Shielded 50-pin.connector. RCES-58 

·•. Unshi~_ldecf' . ,·:· ~~1","'\ina_ls' .,... . • . 68M-50FMIO 
.. . . ,. .. Unshi~lded. ·; ·- ·so;;~-~~~ . Rc:i:-6B cabi< -..uld '""'8 mechan icalhindra«a 

6BM-50F MIO 

SCB-68,.CA· 1000 
CBSO. custom or 3rd party 

TBX-68, CB-68P, CB-68L.PR., 
DAO signal accessory 

c8so, custom or 3d party 

OAskns.bothcab!esf'tP!Salereqt1redbecaUSt asame 
'Ushielded cables can comocua :ihlelded oa:essori os and .u-wm. 'In 00JXIII ' P0,1 • ·ru 

1
. DAO 'except NI 6025£. which is on the next page) . 0 . nd Basic Mufti nc ion ,, Table 1. Cable Connection Specifications for 16-Channel E Senes ev,ces a 

. 11 struments. Tel· (800) 433-3488 • info@ni.com • ni.com 
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Multifunction DAQ Cable and 
Accessory Selection Guides 

Al ­ 34 68 AIO+ 

.111♦ 3 sI AIOGND 
'No COMKtl for boards that do notsu1>90JtAO 

,1116NO 3% If All· or liH •n ext1mal rertrenu with the SH1a>6861 cable. 
.Ill- 31 5 Al2+ All 34 68 AIO 
AI 'J+ 31 " 

Al2GIID All -33:-17• AIGNO 
.IIIGNO 2' ll Al3- AIGND sz ss Al9 

NC 21 ll NC Al10 31 6s Al2 

NC 'D II NC All 20 64 AIGNO 

NC 25 60 NC AIGND 2 63 Al11 

NC 'ZS 59 NC Al4 a sz Al SENSE 

NC 2 51 NC 
AIGND ·:z, 11 Al12 

NC 
ACff13 as so AIS 

NC 2S SI ACltl 25' •59 AIGND 
ADO 22.51 NC AIGND 24 .. SB· Al14 
ADD 21 ss ADGNO ACfflS . 13; 57;'. Al7 

EXTAlf 2D 51, ADGNO AO 0 ·22: 56. AIGND 
PU ,;_.Sl DGND AO 1! _:i,;,_,ss_ ADGNO 

DGND 11 52 POJI EXT REF' _20_ ",5!_, ADGND 

Pll 11 51 NL5 POA 1s9 SJ DGND 

PU 1i 50 OGNO 
DGND tu 52 POJI 

DGND 15 g PIL2 l'0.1 :3 NL5 

+5V l'0.7 
PO.S DGND 

14 48 OGNO is: 9, PIL2 
DGND '.t3 fl l'0.3 +SY :: Par DGND 12 4«6 AIHDlD OGNO l'0.3 

IRIVAISIAIIT 11 
_, 

15 EXT STROSE OGNO :.12· ~ AIHOlD 
PH /REF TRIG 10 4 DGND PAD/Al START n; is EXTSTRDBE 

DGND -' 13 PA2/AICDNV PA 1/REF11116 o 4 DGNO 

+5V ; I. CZ PA3/CIR1SRC OGNO - s:; .. u_: PA2/AICDNV 

DGNO 7 s PA<ICTRI GATE 
+SY s , PA3,IAIC1111 SRC 

DGND :1 · 41 PA <IAI C1111 GATE 
IR5/AOSAIIP ·,I 40 Cl1110111 PAS/ADSAMP s «o Cl111D111 
IR6/AOSIAIIT ·s_ 39 DGND PAI/AD START s 39 DGND 

DGNO ·• '» PA7/AISAMP DGND ..... ':. 31 PA7/AISAMP 
PRtc11106ATE .3. 'Jf PA 1/CTRO SRC PA 9/C7R O GATE 3 37 PA I/CTR D SRC 

ClllDDI/T 2 31 DGND C7RDOIIT 2 36 DGNO 

FDI/T 1 3s DGNO FOUT I 35 OGNO 

Figure 3. S Series Devices Connector Rgur.e_4.: //0 Connectrx for 16-Channel 
E Series and Basic Multifunction DAO 

Devices, except NI 6025£ 

AIGNO 
AIGNO 

AIO 
All 
Al I 
Al9 
Al2 
Al10 
All 
Aln 
Al4 

Al 12 
AIS 
Al13 
All 

Al14 
Al7 
Al1S 

Al SENSE 
ADO 
ADI 

EXT REF 
AOGNO 
DGNO 

Pl!.D 
PIJ.4 
PIJ.1 
NL5 
PIL2 
PU 
l'0.3 
PIJ.7 

DGND 
+5Y 
♦SY 

AIHOlD 
EXT STROBE 

PAIVAISTART 
PA 1/REFlRI& 
PA2/AICONV 

PA3,1:TRISRC 
PA 4/CTR 1 GATE 

CTR I OUT 
PR5/AOSAMP 
PA6/AOSTART 
PAl/AJSAMP 

PR8/t'IROSRC 
PA 9/CTR O GATE 

ClROOI/T 
FOUT 

I g 
3.- 's:I 

..: 4 · - 54 · 
s..s5 
6 56 
2 s1 

: 3 10 a 
4 { 
1s. sJ 
14 64 
15. 65 

16. 6s 
11. 6r 

, 11 -: .. · 
19 69 
270 

21 n 
22 n z n 
4 4 2zs Ts 
25 7% 

• V.: n. 
28 78 
29 79 

. JO • ·.so.· 
31 81 

Lll . - 12. 
... l] . 83 
I 34 14 
35 . ., 
31 .. 

.- 37 - fl 
3% 88 
.!..39 . a,·_ 
4g •. 90 
41 S1 
«z s2 
. '3 ; 93 
4 94 
5 S95 
698 

. (7 ,, 

. 41 - 91 
9 s9 
s0 100 

Alli 
Al24 
Al17 
Al25 
Alli 
Al28 
Al19 
Al27 
Al20 
Al28 
Al21 
AI 29 
AI 22 
Al30 
Al23 
Al31 
Al32 
Al40 
Al33 
Al41 
Al34 
Al41 
Al3' 
AIU 
AISENSE2 
AJGNO 
Alli 
Al44 
Al:11 
Al45 
Al38 
Al46 
Al39 
AJ47 
Al46 
AJ56 
AJ49 
AI 57 
Al!Q 
Al58 
AIS1 
Al59 
Al52 
Al60 
Al53 
Al&1 
AISI 
Al&l 
Al55 
Al&l 

Rgure 5. 1/0 Connector for 
64-Channel E Series Devices 

AIGNO 
AIGND 

AIO 
All 
Al1 
Al! 
AJ2 

AIIO 
All 
AIU 
Al4 
Al12 
AJS 
Al13 
AJ6 
Al14 
Al7 

AIIS 
Al SENSE 

ADO 
A01 
NC 

AOGNO 
DGND 

PLO 
PU 
P1.1 
P15 
PU 
PL5 
P1.3 
Pl.7 

DGNO 
+SY 
+5Y 

AIHOlD 
EXrSTROSE 

PACl'AJSTART 
PA 1/REFTRIG 
PAVAJCONV 

PAmftlSf\C 
PA <IClR 1 GATE 

CTR10UT 
PRYAOSAMP 
PABIADSTART 
PA7/AISAMP 

PR81CTRDSIIC 
PR 9/CTR O GATE 

ClROOI/T 
FDIIT 

>"t J.,51 .! 
z s2 
3 sJ 
4. 54 s ss 
; 3 
s. s8 
9 s9 
10 so 
1 61 

12 62 
13 63 
14 64 
15> 65 
16 ss 
17 67 

18 68 
19 69 n 

,-21 71 n z n 
24 74 
• "25 , 75 
. 21.,,.,; 1' • 
-21 n 
:. 21:: 71. 

s 3 
314 
n2 a 
31 8J 
34 s 
35. 8S 
36. 86 
~ -~ ;;· :- 
39 89 
: 40 i .SO • 
' 41 . t ' .. ~11 · 
2 92 
43 1, SJ 

: 3 r- .. -;- - ,. . 
1 47'.:: 91. 
48 sa 
4g 99 
1 50,,. HI)• 

Pl7 
GNO 
Pl.I 
GNO 
P35 
GNO 
P14 
GND 
Pl3 
GNO 
Pl2 
GNO 
Pll 
GNO 
PlD 
GNO 
P27 
GND 
I'll 
GNO 
P2.5 
GNO 
P24 
GNO 
P2.3 
GNO 
P22 
GNO 
P21 
GNO 
no 
GND 
P1.7 
GND 
P1.6 
GNO 
Pl5 
GNO 
PIA 
GNO 
Pl3 
GNO 
Pl2 
GNO 
Pl.1 
GNO 
PI.O 
GNO 
♦SY 
GNO 

Rgure 6. 1/0 Connector for 
the NI 6025£ Device 

E Series Devices (NI 6031E, NI 6033E, NI 6071E, NI 6025E) 
Plallonn 
P Fi 

Shielding Cable Cable Leg Adaptar Accessory 

Sliielded . ·, 
Shielded 
Shielded 
Shielded 

Shielded 
Shielded 
Shielded 
Shielded 
Shielded 
Unshielded 
Unshielded 

50-pin connector 

· SHI00100 
SH1006868 

SH1006868 
... SH1006868 

SH1006868 
SH10068SB 
sH1Co6as8 
SH100686B 
SH1006858 
AtOOSOSO 
R1005050 

MIO: 
Etended: 

MIO: 

Extended;, 
MIO: 

Exlended: 
MIO: . 

"Extended: - - i.li0: -- 
Extended: 

68M-50FMIO 
68M-50F Extended 

SCB-100 _ 
SCB-68 

:,SCS-68 _ ·----­ 
lBX-68. CS-681.P. CB-6BlPA, 

DAO signal accesso ry 
TBX-68, CB-6BLP. CB-olllPR · 

BNC-2110. BNC-2120. BNC-2090 
" BNC-2115 

Custom o< J,d party 
Custom or 3rd party 
Custom or J,d party 
Custom o< 3rd party 

_'iillelded c,1, 1ewid1L<llh lel!adacasso ries 

able 2. Cable Connection Specifications for 64-Channel E Series Devices and the NI 6025E 
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