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ABSTRACT

Voltage Source Inverter (VSI) is widely used in larger electronics areas, portable
devices and in power generation systems. Lately, this device is highly demand in applications
using renewable energy such as Solar Photovoltaic (PV) System and Smart Grid System. As
time move on, the development of technologies using renewable energy is needed for future
demand since this resource helps in protecting the surrounding. In industry, the performance
and effects of the devices are such important factors that must be taken into account in order to
ensure the continuity of the applications. Normally, the faults occur on the switching device
that is very sensitive. A small electric disturbance may cause destruction at high cost and
sudden system failure. The development of fault detection system for VVoltage Source Inverter
(VSI) is to monitor and detect fault at the early stage. This fault can be detected by the
behavior of current waveform. This project aims are to analyze the system based on RMS and
average current as the parameters, to develop the system with accurate value measurement and
to classify the types of fault occurs. Analysis is conducted in order to identify the fault pattern
or behavior by using MATLAB. This analysis will first undergo the circuit design process
using Simulink, a tool in MATLAB. The simulation will result in the classification of faults’
type. The project designed is focused on applications using three-phase VSI. This system is
design using Microsoft Visual Basic 2010 and is known as “VSI Fault Detection System” that
can detect and classify only two types of fault which are short-circuit fault and open-circuit
fault. The use of NI USB-6009 DAQ Card is to capture signal source or data and interface it
with Visual Basic 10.0. The monitor can display the parameters reading and waveform which
are RMS current and average current. The type of fault is mention in the system once fault is
detected. This system provides precaution and early identification of fault thus reduces high

maintenance cost and prevent critical fault from happen.
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ABSTRAK

Voltan sumber inverter (VSI) digunakan secara meluas dalam sistem penjanaan kuasa,
bidang elektronik dan digunakan untuk peranti mudah alih. Penggunaan peranti ini mendapat
permintaan yang luas dalam aplikasi yang menggunakan sumber tenaga yang boleh
diperbaharui seperti Sistem Solar Photovoltaic (PV) dan sistem Grid Pintar. Justeru itu,
penggunaan sumber yang boleh diperbaharui sangat berguna dalam memenuhi keperluan masa
depan disamping dapat melindungi alam sekitar. Keberkesanan dan prestasi sesebuah peranti
merupakan salah satu faktor penting untuk memastikan kelancaran sesuatu aplikasi atau
sistem. Kebiasaannya, kerosakan berlaku pada suis di dalam litar VVSI. Suis-suis yang terdedah
kepada gangguan kecil elektrik bolen menyebabkan peranti rosak serta kegagalan sistem
beroperasi secara tiba-tiba. Penghasilan sistem pengesan gangguan untuk Voltan sumber
inverter (VSI) boleh mengesan dan memantau kerosakan pada peringkat awal. Kerosakan ini
dapat dikesan melaui bentuk dan corak gelombang arus. Tujuan projek ini adalah untuk
menganalisis sistem berdasarkan arus RMS dan arus purata, untuk menghasilkan sistem yang
dapat beroperasi dengan tepat dan untuk mengenalpasti jenis kerosakan yang berlaku. Analisis
dijalankan untuk mengenal pasti corak gangguan dengan menggunakan MATLAB. Reka
bentuk litar dihasilkan dengan menggunakan Simulink dan jenis kerosakan atau kesalahan
dapat dikesan dan dikategorikan melalui proses simulasi. Projek ini direka untuk aplikasi
three-phase VSI. Sistem ini dihasilkan menggunakan Microsoft Visual Basic 2010 dan
dikenali sebagai “VSI Fault Detection System” yang boleh mengesan dan mengelaskan dua
jenis kerosakan sahaja iaitu litar pintas atau litar terbuka. NI USB-6009 digunakan sebagai
perantara yang dapat merakam isyarat signal dan menterjemahkannya kepada bahasa yang
difahami oleh Visual Basic 10. Monitor memaparkan bacaan parameter dan corak gelombang
laitu arus RMS (RMS current) dan arus purata (average current). Jenis-jenis kerosakan VSI
akan dipaparkan apabila sistem mengesannya. Sistem ini dapat mengurangkan kos

penyelenggaraan yang tinggi dan mencegah kerosakan yang lebih kritikal daripada berlaku.
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CHAPTER 1

INTRODUCTION

1.1  Research Background / Motivations

Recently, in industrial processes, automation has lead to comprehensive
electromechanical systems. The cost of production and operation are high, thus can cause a
rise in planned and unplanned standstill. Standstill or breakdown of a single of dozens of
drives usually leads to the complete malfunction of the system. Thus, a short standstill times
and high utilization over time are required for an economic operation. In case of inevitable
maintenance, only short interruption times are allowed and unplanned faults have to be kept
minimize [1]. Therefore, it is necessary to assure the safety and continuous operation for

application using this equipment since they can improve the productivity [2].

The most common drive in industry is inverters. Inverters are basically used to transfer
power from a DC source power to an AC load, such as an AC motor. In power electronics
context, the word “inverter” denotes a power conversion circuits that runs from a DC voltage
or current source and converts it into AC voltage or current as illustrated in Figure 1.1.
Examples of DC voltage source are battery bank, solar photovoltaic cells and an AC voltage
supply that undergo rectification into DC.



shown in Figure 1.3.
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Figure 1.1: lllustration of voltage source inverter

These devices are widely used in power generation systems such as in solar generating
systems, electric utility companies that need the conversion of DC power source to AC loads,
in power grid and also in High Voltage Direct Current (HVDC) power transmission. They are
also widely used in larger electronics systems. Inverter circuits are being applied in industry
such as uninterruptable power supply (UPS) unit, electronic frequency charger, and adjustable
speed drives (ASD) for ac motors [3]. An example of application using inverters in a grid-

connected solar PV system is shown in Figure 1.2 while in HVDC power transmission is
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Figure 1.2: A grid-connected solar PV system. [4]
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Figure 1.3: A HVDC power transmission. [5]

Apart from solar panels, inverters also play role in transmitting power from batteries
and fuel cells. Grid-tied inverters are used in solar electricity system. These inverters have the
ability to feed back energy into the utility grid since it produces alternating current with the
amplitude and frequency as the energy provided by the utility distribution network. Thus,
these help during blackout since they can be shut off. Therefore, inverters play a big role in
order to achieve or to make a system to be possibly operated. As time move on, the
development of technologies using renewable energy is needed for future generation to fulfill
their demand as well as to protect the environment and make it greener. So the inverters are

important device and their efficiency must be taken into account.

Inverters are divided into two types which are Current Source Inverter (CSI) and
Voltage Source Inverter (VSI). For Voltage Source Inverter (VSI), a DC voltage source is
converted to be fed to AC voltage load. Usually, the fault occurs at the switching device of the
circuit. There are several types of fault may appear in VSI namely DC link capacitor short-
circuit fault, Open-circuit fault, and short-circuit fault [6]. When these faults occur, the
associated system need to be stopped for a maintenance schedule. The main idea and
information about the waveform behavior of these faults are one of the important key for
protection and tolerant control for this equipment. This behavior must be analyzed in order to

detect the type of fault occur on the switching device.

This project presents the design and development of fault detection system to detect
and measure faults occur in Voltage Source Inverter (VSI) at the early stage. The system can

also differentiate between two types of faults that are open-circuit fault and short-circuit fault.



The parameter will be measured are current in RMS value and average value. The data will be

recorded and stored efficiently thus, the fault of VVSI can be monitored.

1.2 Problem Statements

Most of power electronic devices such as Voltage Source Inverter (VSI) run in an
environment requiring rapid speed variation, frequent starting or stopping and constant
overloading. This circuit is subject to many failures such as constant abuse of voltage
overswings and the surge of over-current. Even though the devices come with protection such

as snubber circuits, switching devices are thermally fragile and physically small.

In Voltage Source Inverter (VSI), the faults normally occur on the switching device
that is very sensitive. Even a small electric disturbance can lead to the exceeding of thermal
rating resulting in rapid destruction. In case of expensive, high power systems, safety critical
system and multi-converter integrated automation systems, the presence of faults will result in

sudden system failure.

The occurrence of fault such as open-circuit fault and short-circuit fault will affect the
efficiency of a system or application. Prevention should be taken first to avoid much worst
damage. Thus, to prevent damages at a high cost, the fault occurrence must be monitored
earlier. The faults can be detected by the behavior of current waveform. Analysis must be

done to ease in identifying and classifying the types of fault occurs at the switches.

1.3 Objectives

The objectives of the proposed project are:

1. To analyze VSI fault detection system based on average current and RMS current
using MATLAB Simulink.



2.

To develop VSI fault detection system that will provide accurate value for the
measurement parameters that is the average value and RMS value of current in
each phase of the system using Visual Basic 2010.

To classify types of fault occur in VSI whether it is open-circuit or short-circuit

faults.

14 Scopes

The scopes of this project are:

1.

This project detects and classify fault in three-phase VSI whether it is open-circuit
fault or short-circuit fault.

This system utilizes the Microsoft Visual Basic 2010 software to display the
waveform behavior as well as measurement parameters and NI USB-6009 Data
Acquisition Card (DAQ card) to capture source signal and interface it with Visual
Basic 2010 software.

This project detects the occurrence of fault by the average and RMS current value.
The system designed display the RMS and average value of current.

The current signal used is not more than 50Ampere.



CHAPTER 2

LITERATURE REVIEW

2.1  Theory and Basic Principles

2.1.1 Voltage Source Inverter (VSI)

Inverters are designed to provide either single-phase or three-phase output. Usually,
three-phase ac is required in larger industrial applications. Inverter is also classified into two
that is offline and online inverter. An inverter is called offline inverter or autonomous inverter
if it is the only source of the load ac line. If an inverter is a part of the common power supply
line, it is known as a line-fed inverter or online inverter. Voltage source inverter (VSI) and
current source inverter (CSI) are distinguished in accordance with the circuit arrangement

classification.

A Voltage source inverter (VSI) or voltage stiff inverter is the most commonly used
type of inverter which forms voltage with properties. The properties are magnitude, frequency
and phase. This inverter comes with low internal impedance. Basically, VSI has a capacitor of
high capacity connected across the supply source that keeps input voltage to be constant. The
switches of VSI are constructed on the base of the full controlled devices such as transistors,
GTO thyristor or MCT. If bidirectional current is required, the freewheeling diodes are

connected across the switches [7].
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Figure 2.1: Half-bridge Single-phase VSI [7]

Figure 2.1 represent a half-bride midpoint configuration of the single-phase VSI.
Usually the role of switches VT1 and VT2 are played by BJTs, IGBTs, MOSFETs, GTO
thyristors or force-commutational SCRs. VT1 and VT2 will arrange the DC source with the
common terminal to supply the load, M. During the positive half cycle, switch VT1 is turned
on which gives the positive supply. On the other hand, during the negative cycle, switch VT2
IS turned on and giving negative supply. If VT1 and VT2 are turned on at the same time, both
switches will operate and short the DC supply. Freewheeling diode in the circuit that is VD1
and VD2 feed the reactive energy of the load back to supply. The feedback diodes will start

conducting when the current and voltage are of opposite polarities [7].
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Figure 2.2: Single-phase Full-bridge VSI [7]

Figure 2.2 shows the full-bride configuration of single-phase VSI. Each of its legs
includes a pair of transistors with anti-parallel discharge circuits of reverse current built on the

freewheeling diodes [7]. Each feedback diodes provide an alternate path for the inductive



current, which continues to flow when its switch is turned off. The feedback diodes will return
the generated power back to the supply whereas the switches carry the reactive voltage.
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Figure 2.3: Three-phase VSI [7]

A three-phase VSI consists of three equal legs as shown in Figure 2.3. Each leg is for
each phase. The output of each leg is depending on the dc supply load and the switching status
while the output voltage is independent of the load current magnitude. An example of
switching sequence for Figure 2.3 is VTL1-VT6-VT2-VT4-VT3-VT5-VT1-VT6...[7]
Theoretically, only one switch for each pair will be in closed position, while the other pair will
be open. The switching scheme and its voltage output are summarized in Table 2.1.

Table 2.1: Switching scheme of three-phase inverter

VTL | VT2 |vT3 | vi1 | viz | VL3
o] 0| 0| 0 0 0
0| 0 | 1| 0 |-vdc|*Vde
0| 1 | 0 |-vdc|+vdc| ©
0| 1 | 1 |-vdc| o |-Vdc
1| 0 | 0 |+vdc| o |-Vde
1| 0 | 1 [+vdc|-vde| ©
1| 1|0 | 0 [+vdc|-Vde
101|110 0 0




Two transistors are together in on state each time span and the producing a rectangle
shape output voltage as shown in Figure 2.4. The three legs are phase-shifted by 120°.
When VT1 is turned on, point Li is connected to the positive terminal of the DC supply,
meanwhile, when VT4 is switched on point L1 is connected to the negative DC supply
terminal. The waveform L1, L2 and L3 shown are shifted by 120° [7].

Figure 2.4: Waveform of the switching sequence of three-phase VSI [7]

2.1.2 Fault Detection in VSI

Inverters are widely used in application of ac motor such as air conditioning,
uninterruptable power supplies and others. About 38% failures that found in the application of
power inverter and mostly the failure come from power switches [8]. The design and
performance of inverter can result in a better electrical apparatus usage in life. If failure occurs
within the application, the effect to the human life is high cost for maintenance [9]. Thus,
knowledge to identify the parameters of fault behavior of an inverter is necessary from the
standpoint of improving the system design and protection. There could be a quite high

possibility of failure in the switching device due to high electrical [10].
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The information of behavior of fault in voltage source inverter is vital for the
protection and fault tolerant control [11]. One of the main reason of faults is related to
semiconductor [12][13]. Usually, the common faults modes of the power converters is the
short circuit. Short circuit detection becomes a feature of several drives ICs. Another main
cause of inverter fault is open circuit that led to overstresses on the healthy transistor and
pulsating current [14]. To improve the reliability and efficiency, several fault-tolerant

strategies are adopted in the inverters.

2.1.3 Visual Basic

Visual Basic created by Microsoft is the third-generation event-driven programming
language and integrated development environment (IDE). Visual Basic which derived from
BASIC, enables the rapid application development (RAD) of graphical user interface (GUI)
applications, Remote Data Objects, ActiveX Data Objects, access to database using Data
Access Objects, and creation of ActiveX control and objects. Visual basic is an easy and fast
way to create programs for Microsoft Window since it contains a complete set of tools to
simplify development. An application can be created by a programmer using the components

available in the Visual Basic program itself [15].

The word “visual” refers to the way used to create the user sees that is the Graphical
User Interface or GUIL “Basic” refers to Beginner All-purpose Symbolic Instruction Code
(BASIC) programming language. This language had been used by more programmers
compared to any other language in the history of computing. Basically, a programming
language acts as a translator between users and their computers [15].

The use of programming language is to instruct the computer in a simpler and easier
way to learn and understand. The instructions given by the language will then be converted to
machine language by a program known as compiler. A program written in Visual Basic will
have structure that is consisting of modules, procedures and line of code. There are also rules
that define the way to categories words, known as programming elements. Programming

elements include statements, declarations, methods, operators and keywords. Visual basic is
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very simple and easy to learn. It is easy to develop graphical user interface (GUI) and to
connect to handler functions provided by the applications [15].

2.1.4 Data Acquisition (DAQ)

Data acquisition (DAQ) is a process of sampling signals that measure electrical or
physical conditions such as current, voltage, pressure, temperature or sound and resulted by
converting these samples into digital numeric values. The resulting samples can be
manipulated by a computer. Typically, DAQ system converts analog waveforms into digital
values for processing purpose. A DAQ system is comprises of sensor, DAQ measurement
hardware and programmable software in computer. Briefly, the sensor will convert the
physical parameters to electrical signals. The output sensor can be in many forms such as

current, voltage, resistance and others electrical attribute that varies over time [16].

Depending on the sensors’ type, some of them may require additional components or
circuitry to properly produce an accurate signal that can be read by DAQ device. Thus, DAQ
hardware acts as the interface between a computer and electrical signals from sensors. It
functions as a device that digitizes incoming analog signals in order to ease the computer to
interpret them. Three components of a DAQ device are the signal conditioning circuitry,

analog-to-digital converter and computer bus [16].

A signal conditioning circuitry manipulates the electrical signal in such way that
meets the requirement form of digital since the output sensor might be noisy or too dangerous
to measure directly. This circuitry includes amplification, attenuation, filtering and isolation.
Analog-to-Digital converter (ADC) converts the conditioned sensor signals to digital form. An
ADC provides a digital representation of an analog signal at an instant in time. It takes
periodic samples of the signal at a predefined rate. These samples are transferred to a
computer via computer bus. The original signal will then reconstructed from the samples.
DAQ device are connected to a computer through a slot or port. The computer bus interfaces

them for passing instruction and measured data [16].
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DAQ are regulated by software programs developed using a variety of general purpose
programming languages such as visual basic, visual C++, Java and LabVIEW. It is used for
processing, visualizing and storing measurement data. There are two types of software
component in a DAQ system, namely driver software and application software. Application
software eases the interaction between the computer and user for obtaining, analyzing and
presenting measurement data. It is either a programming environment for building applications
with custom functionality or a prebuilt application with predefined functionality. Custom
application is often used to perform signal-processing algorithms, automate multiple functions

of a DAQ device and display custom user interfaces [16].

Driver software provides application software the ability to connect with a DAQ
device. This software eases communication with the DAQ device by abstracting register-level
programming and low-level hardware commands. DAQ driver software is typically exposes an
application programming interface (API) uses in a programming environment to construct

application software.

215 NI USB-6009 DAQ Card.

[
e
o
¢
°
.
°
L)
L
"
L
¢
L
o
¢
e

Figure 2.5: N1 USB-6009 DAQ card [17]

Providing the basic DAQ functionality, NI USB-6009 as shown in Figure 2.5, can be
used for applications such as data logging, academic lab experiments and portable
measurement. It is affordable and sophisticated for measurement applications. It is suitable for
faster sampling, more accurate measurement, calibration support and higher channel count.
USB DAQ modules are compatible with NI application software such as LABVIEW?7.x,
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LabWindows/CV17.x or Measurement Studio7.x, Visual Studion.NET, C/C++ and Visual
Basic 6 [17].

2.2 Review of Previous Related Works.

Many researches had been analyzed the methods and techniques in detection and
diagnosis of fault in VSI. In article by D.Faito et al. (2009), an eigenvalue or eigenvector 3D
current reference method is proposed. In this article, the new fault detection and diagnosis
system is proposed for voltage source inverter fed variable speed drives. Variable Frequency
Drives (VFDs) normally operate in an environment requiring rapid speed variation, frequent

start or stop and constant overloading.

The approach is based on the eigenvalues or eigenvectors of the 3D current referential.
It uses an automatic three step algorithm. First and foremost, the output currents of the inverter
are measured. It will result in typical patterns that can be used to identify fault. Then the
eigenvectors of the 3D current referential will be computed and the proposed algorithm will
differentiate if there is any fault and detect the faulty switch. The performance is verified on
various types of working conditions. Throughout the research, simulation and experimental

results are presented to show the effectiveness of the method [18].

Another simple method was also being approached as in an article written by S.M Jung
et al. (2009). This paper proposed a new simple fault detection method for permanent magnet
synchronous motor (PMSM). It is stated that in the PMSM drives, the switching device of VSI
have the electrical and thermal stresses due to high current and voltages. The high switching
frequency by the pulse width modulation (PWM) increase the stresses on switching devices
and increase the probability of faulty risk compare to the other components. This technique
diagnoses the open-switch damage in VSI. The terminal voltage is the sum of neutral to center
voltage and phase voltage. Thus, the fault is identified by comparing the reference voltage

with the terminal voltage [6].
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The method proposed by V. Fernao Pires, et al. (2010) for the detection and
identification is subjected to the transistor open circuit fault. This method uses a 3D
representation of the inverter three-phase currents with a pattern recognition algorithm. In
their article, the current trajectory mass center is the first step to be obtained. Then, the
symmetry of the image projection around the mass center is analyzed. The effectiveness of the
proposed method is shown by the simulation results [14].

M.Trabelsi et al. (2012) in their article deals an approach for single and multiple open-
circuit fault in VSI fed induction motor. This method is based on the information of the
inverter currents output distribution in a —  frame combined with additional diagnosis
variables which use their mean values. The approach for single and multiple open-circuit
faults diagnoses in VSI consists of two steps. Twenty-seven patterns are built with output
inverter current in o — B axis functions to detect the faulty legs. In this first step, six of the
patterns are dedicated to single-fault modes while the others are to multiple open switch
modes. Second step is achieved by normalizing the average line currents. The use of
normalized current-average values allow the fast identification of the single fault and make it

possible to distinguish several multiple-fault cases having the same signature in o — 8 frame

[2].

In the detection and diagnosis faults of 3-Phase Inverter System, an article by M.S
Khanniche et al. (2001), the detection mechanism is based on a technique of wavelet
transform. This method is applied to a three phase VSI feeding a fuzzy logic controlled motor.
This approach identifies the transistor base drive open- circuit fault [19]. S.Karimi et al.
(2007) highlight the method of detection fault implemented using field programmable gate
array (FPGA). In their article, method of minimization the time interval between the fault
occurrence and its diagnosis are introduced. Throughout this research, a ‘time criterion” and

‘voltage criterion’ is demonstrated [20].

A.R Abdullah et al. (2013) used spectrogram method in analyzing Open Switch Faults
in VSI. The spectrogram technique is used to represent the signal in time frequency

representation (TFR). The detection and identification of open circuit fault in application using
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VSI are introduced by time frequency distribution (TFD) [9]. A.R Abdullah et al. (2013) had
also proposed spectrogram technique as a method in analyzing short circuit switches fault in

another article [21].

A.O Di Tommaso et al. (2012) present a method of fault detection algorithm based on
a simple geometrical approach. In this method, the proposed fault detection algorithm is
characterized by simplicity, low computational and implementation effort with a consequent
enough fast execution, easy control integration with the possibility to use it both in hardware
in the loop systems and Microprocessor of common industrial usage. This approach is
distinguished by two cases. First, an entire leg of the inverter is disconnected following the
fault. This may happen if the fault rapidly propagates to the second leg device, as in the case
of a packaged module or for the intervention of fast fuses or other protections. Secondly, an
open circuit fault regards a single device and the current in the faulted phase can circulate for a
half wave closing its pattern through the freewheeling diodes and in the second device of the
leg [22].

J.O Estima et al. (2011) proposed a new method for real-time diagnostics feeding AC
machines. In this method, the average absolute values are used as principle quantities in order
to formulate the diagnostic variables. These prove to be more robust against the issue of false
alarms, carrying information about multiple open-circuit failures [23]. The method is normally
being feed to induction motor or permanent magnet synchronous motor (PMSM). The
detection is usually focused on the switching device of the VSI in its application.

2.3  Summary of the Review.

There are many methods and techniques presented for the detection of fault in VSI.
The previous techniques for the detection are tabulated in Table 2.2.
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Table 2.2: Summary of the review

No. = Method or Technique Proposed by Descriptions

1 | Eigenvalues or D. Faito, J.F. e Eigenvalues analysis able to obtain
eigenvectors 3D Martins, V.Fernao the main directions of the inverter
current reference Pires and J.Maia output currents in a 3D current state

space.

» Represent in a geometrical
interpretation of the principal
component space.

e Current trajectory method causes time
delay for the fault detection.

2 | Simple switch open | S.M Jung, J.S Park, | e Fault is determined by comparing the
fault H.S Kim, H.W Kim reference voltage with the terminal

and M.J Youn voltage.

e Obtained by sum of neutral to center
voltage and phase voltage.

e Use Kirchhoff’s voltage law.

3 | 3D representation of | V. Fernao Pires, | e Obtaining specific pattern using 3D
three phase current i Tito G. Amaral, representation method.
inverter with a | Duarte Sousa and e Pattern recognition used to identify
pattern recognition | G.D. Marques the faulty switch.
algorithm | e Current trajectory method causes time

: delay for the fault detection.

4 | Information of { M. Trabelsi, { o Fault detection concerning on the
inverter currents M.Boussak, and direct evaluation of the slope value of
output distribution in | A.Chaari the output inverter currents’ trajectory
a — 3 frame. in o — B frame.

e Uses the normalized mean values of
the line current.

¢ Slope method might not be well
suited for IGBT open-circuit fault
detection.

¢ Under transient state shows high
robustness and fast detection and
identification.

5 | Wavelet transform M.S Khanniche and | e This method allows the components

M.R Mamat-
Ibrahim

of a non-stationary signal to be

analyzed.
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e Can be constructed for stationary as
well as non-stationary signals.

e Localized in both time and frequency
domain.

Spectrogram A.R Abdullah, N.S | e Suitable for non-stationary signal
technique on open Ahmad, E.F Shair depending on the cause of fault.
circuit fault and A.Jidin e Used simpler formula.
e Presents a 3D plot of signal in

magnitude, time and frequency.
Spectrogram A.R Abdullah, N.S | e Suitable for non-stationary signal
technique on short Ahmad, AJidin, depending on the cause of fault.
circuit fault N.Bahari, e Used simpler formula.

Fault detection

algorithm based on
simple geometrical
approach

M.Manap, and M.H
Jopri

A.O Di Tommaso,
F.Genduso, and
R.Micceli

e Presents a 3D plot of signal in
magnitude, time and frequency.

e Presented algorithm is a valid and
suitable alternative to the actual state
of the art in the field of inverter fault
detection.

e Easy integration in the control system

of fault-tolerant inverters.

Based on Table 2.2, the chosen technique for the fault detection is proposed by A.R
Abdullah et al. (2013) that are spectrogram technique. This is because other methods use more
complex algorithm formula and cause time delay. In detecting fault, method for analyzing
non-stationary signals 1s necessary because when fault occurs, the pattern will change
obviously. Thus, wavelet transform and spectrogram are suitable method but for accurate
value, spectrogram is more reliable since the analysis represents a 3D plot of signal in
magnitude, time and frequency whereas, wavelet transform can only monitor analysis in time
and frequency only.

2.4 Discussion on Chosen Technique.
Open switch fault analysis in VSI using spectrogram method highlighted by A.R

Abdullah et al. (2013) focuses on open-circuit fault of upper and lower switches. Firstly, the

gating signal is identified whether fault behavior presents or absents. The performance of
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parameter in VSI by using time frequency analysis techniques present a three-dimensional plot
of a signal in terms of the signal energy or magnitude with respect to time and frequency. It is
focused on spectrogram to perform time frequency for the evaluation performance of the
open-circuit fault VSI signal. The performance parameters are based on the spectrogram
which is the calculation results of frequency spectrum of windowed frames of a compound
signal, the instantaneous RMS voltage, instantaneous RMS fundamental voltage,
instantaneous total waveform distortion, total harmonic distortion and total non-harmonic
distortion. The performances of the highlighted technique are evaluated using simulations

subjected to an induction motor [9].

A similar technique is also used in defining the short-circuit switches fault. This fault
can be detected using spectrogram as proposed by A.R Abdullah et al. (2013). The analysis of
the short-circuit fault of VSI is analyzed using time frequency distribution (TFD). TFD
represents current signal of VSI in time frequency representation (TFR). TFR provides
temporary and spectrum information signal. As being approached by open-circuit fault
technique, the gating signal and the fault behavior is being clearly determined before
estimating parameters of the signal. The performance parameter are based on the
instantaneous. RMS current, instantaneous RMS Fundamental current, total waveform
distortion, total harmonic and non-harmonic distortion and also the instantaneous average
current. The performances of the highlighted technique are evaluated using simulations

subjected to a three-phase induction motor [21].

—
| L — T :
b= b T — - W

Figure 2.6: VSI three-phase ac drive structure [21].
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Figure 2.6 shows the standard structure of three-phase VSI structure. The circuit
consists of a classical three-leg inverter. A suitable gate voltage must be applied to drive
transistor into the saturation mode for low on-state voltage. The gate drive circuit that
generates control voltage should be applied between the gate and source terminal. A gating
signal of the inverter in an ideal case is represented in Figure 2.7. In the switching functions,
the phase is represented by “j” where j= {a, b, ¢} and variable “p” and “n” represents upper
and lower phase component. Usually in application inverter, the occurrence of fault is in one
of the power switches (S;; to S;). The fault occurs will be detected and the faulty leg will be
isolated. The switch is closed whenever current flow through the anti-parallel diode (D4 to Dg)
and open when in an ideal case showing the signal in Figure 2.4.2. The status of the switch are

represent by the term “0” when it is opened, and “1” when it is closed.

Sjp N N i
| |.
1 I
[} 1

Sjn

Figure 2.7: An ideal gating signal [21]

In VSI, open-circuit faults make the phase current to be zero either for positive or
negative half-cycle. It also depends on the location of the fault occurrence whether at the
upper or lower switch. This type of fault is represents in Figure 2.8 below. From the gating
signal, the fault occurs in lower switch S;,. The short-circuit fault occurred when both the
upper switch and lower switch is closed at the same time. Figure 2.9 shows the example’s

signal of short-circuit fault.

Open-circuit fault

Figure 2.8: Open circuit fault [9]
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Short-circuit Fault
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Figure 2.9: Short circuit fault [21]
The formulas needed for fault analysis are stated in equation 2.1:

1) Squared magnitude of the Short Time Fourier Transform (STFT)
s(t,f) = lfjooox(r)w(r — t)e /2t dT|2 (2.1)
x(7)= input signal

w(t)=window function

Hanning window is used since it is useful for noise measurement where a better
frequency resolution is produced than other windows’ function. It is also used in digital signal
processing in order to select a subset of a series of samples in order to perform a Fourier
transform or other calculations. Furthermore, Hanning window is very low aliasing and the
tradeoff is slightly decrease resolution (widening of the main lobe). The formula of
instantaneous RMS and average currents to measure the parameters are shown in equation 2.2

and equation 2.3.

2) Instantaneous RMS current

Tems(t) = J 2 [T s(t, df (2.2)
s(t, f) = TFR of signal

fmax = Maximum frequency of interest



3) Instantaneous Average Current

lave(t) = 2 J; x(Dw(z = t)de

]

UNIVERSITI TEKNIKAL MALAYSIA MELAKA
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CHAPTER 3

RESEARCH METHODOLOGY

3.1  Proposed System

The system is designed to measure current respectively. Current transducer will
convert its signal to the input value of DAQ card. In this system, NI USB 6009 DAQ card is
being used. The signal will be captured by DAQ card and will be sent to the monitor. The
operating input of NI USB 6009 is 5V with 50mA. This equipment can measure signals and
convert the results into data or signal that can be manipulated using Visual Basic 2010. Figure
3.1 shows the illustration of the project while the block diagram is shown in Figure 3.2

Figure 3.1: Illustration of the project




23

VSIFAULT

voT :erAEGE;PsZALf :CE 3 X CURRENT NIUSB 6003 DAQ DETECTION
TRANSDUCER CARD SYSTEM

INVERTER

Figure 3.2: Block diagram of the project

3.2 Flowchart of Research Methodology

| LITERATURE REVIEW |

|

L SIMULATION — _ - - t
| DESIGN HARDWARE |4.—/—— |H DESIGN GUI |
|
| BUILD HARDWARE | ‘ NO ! I BUILD SOFTWARE |
: |
I < At o | | =ttt i |
| |
| |
I ) I
| — COMBINATION HARDWARE AND SOFTWARE |
| ! |
I NO TESTING |
| \ |
| |
1 --- Phase 1 (FYP 1) I
| |
I --- Phase 2 (FYP 2) |
| |
L e e e e e e e e e e e e e e e e e e = = = =

Figure 3.3: Flowchart of research methodology
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The methodology of this project is shown in Figure 3.3. This project is divided into
two parts that are hardware and software. Firstly, this project is started with literature review
that gives idea and better understanding about the system need to be developed. In order to
complete the first stage, researches have been done through internet, journals, articles and its
relation to the system is analyzed. The next step is simulation using MATLAB Simulink in
order to design and analyze the fault behavior.

Then, the project is proceeds with designing the program of fault detection system
using Visual Basic 2010 software. The process of designing the program is the part of this
project that will produced the output and measures the parameters values of the system. The
software must be suitable with the implementation that will be communicated with the

hardware.

At the same time, the hardware development is started by designing the actual system.
The hardware design are created and modified regarding the desired system. The components
include are NI USB-6009 DAQ Card and three current transducers. The designed system for
every implementation stages of hardware and software will undergo testing and

troubleshooting to ensure the achievement of this project.

After the above stages have been achieved, the following task is to ensure that the
combination between hardware and software will fulfill all the specification and achieve the
project objectives and scopes. The resulted data must be relevant with the system designed.
The last stage is carrying out testing and troubleshooting of the interfacing between hardware

and software. This stage is to ensure that the system works perfectly.

3.2.1 Literature Review

Spectrogram technique or also known as time-frequency analysis technique as
proposed by A.R Abdullah et al. (2013) is used to analyze the faults signal in time-frequency
representation (TFR). TFR consists of the magnitude of signal with respect to time and
frequency. As being mentioned by the equation 2.1 in chapter 2, the spectrogram formula is

squared of Short Time Fourier Transform (STFT). From the equation, x(t) represent the input
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signals while w(t) is the window function. For this technique, Hanning window is used to
perform the analysis. To measure the parameters such as RMS and average current, equation
2.2 and equation 2.3 will be used. Spectrogram is reliable since the analysis represents a 3D

plot of signal in magnitude, time and frequency which is more accurate.

3.2.2 Simulation using MATLAB Simulink

Fault detection for VSI is simulated using MATLAB Simulink software, a high-level
language and interactive environment for visualization, numerical computation and
programming. Developed by MathWorks, this software enables analysis of data, create
models, matrix manipulations, plotting of functions, development and implementation of
algorithms. Simulink, a programming tool in MATLAB is a data flow graphical programming

language for modeling, analyzing and simulating multi-domain dynamic systems [24].

A circuit consists of three-phase inverter connected to an induction motor, pulse width
modulation (PWM) as shown in Figure 2.6 in Chapter 2, equipped with fault generation is
designed and modeled using Simulink. Using spectrogram technique, the model is designed as
presented in Figure 3.1. Three-phase inverter switches are controlled in pairs which are S;;
and S;,, S,; and S,,, and S;; and Ss,. In the operation, only one switch will open for each
pair. The voltage at the output will be +V/dc, -Vdc or zero depending on the switching scheme

as shown in Table 2.1 in previous chapter.

144
Fault - S?;:l

Generation

t1t

| Pulse Width Modulation |

Figure 3.4: Model of VSI switches [21]
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Triangular waveform establishes the switching frequency of the three-phase inverter.
In this analysis, the switching scheme is controlled by the comparison of PWM and sinusoidal
control which is setting by the desired fundamental frequency of the inverter output. The fault
is analyzed using equation 2.1 using hanning function build in MATLAB Simulink. Short-
circuit fault and open-circuit fault are analyzed for upper and lower switch. The behavior and
the pattern of fault current for short-circuit and open-circuit is identified and determined.

MATLAB enable faster analysis and quick development of new algorithms, while
Simulink provide accurate system-level multi-domain analysis. This software ensures a better
performance of the entire designed system (mathwork). Moreover, it is suitable for real-time
implementation thus making it reliable to be used in detecting fault since accurate result can
be obtained [25].

3.2.3 Implementation of Microsoft Visual Basic 2010 Software.

The system designed is implemented with Microsoft Visual Basic 2010 to display the
pattern of waveforms as well as RMS and average current value as the measurement
parameters in GUI form. Visual Basic (VB) is chosen since the structure of the Basic
programming language is simpler and easier. Since VB is an event driven, it is easy to
program and write logic to the respective events. It is built in with controls and container
interface and the executions of code are based on user actions. Therefore, it helps user to trace
their coding problem unlike other programming software that need sequential of tracking code

from the beginning to the end of source [26].

VB is user friendly and interactive because there is only a few complain about its user
friendliness. VB is provided with various window sections like Immediate Window and Watch
Window to help in programming, testing and debugging during the entire phase of
development. VB can handle software development in speedy manner as it consists of ready-
made controls, user friendly IDE, tools and utilities to crate project in less timeframe.
Furthermore, any pending issues can be analyze and resolve very quickly [27]. The advantages
of VB are illustrated in Figure 3.5.



27

EASY TO TRACK
CODING PROBLEM

SIMPLE AND EASY
= &=
cemmea -
N soft
= lsua& -
(=]

s =

RAPID S
DEVELOPMENT

d USER FRIENDLY
(\\—)\‘_/‘_/l

0

POWERFULL
_FRONT-END TOOL

Figure 3.5: Advantages of Visual Basic

VB comes with many versions such as Visual Basic.NET (2002) also known as VB7.0,
Visual Basic.NET 2003 (VB 7.1), Visual Basic 2005 (VB 8.0), Visual Basic 2008 (VB 9.0),
Visual Basic 2010 (VB 10.0) and Visual Basic 2012 (VB 11.0). These VB versions are the
upgrade version of VB6. The basic syntax of the language has not change much but there are

new additions to support new features. The data type has been doubled in length from 16 bits
to 32 bits, and the Long data type is double to 32 bits to 64 bits. For this project, VB 10.0 is
being implemented. VB 10.0 is more time-saving that help developers done with fewer lines

of code. This version is the merged of VB and C# language which enables auto-implemented

properties and collection initializers. This feature is not included in VB before. The main point

for the usage of VB 10.0 is fewer line codes since a lot of tedious coding will be done by the

compiler instead. Figure 3.6 and Figure 3.7 shows the VB 10.0 Logo and it workspace.
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Microsoft®

( ) Visual Basic 2010
Express

Figure 3.6: Visual Basic 2010 logo [27]
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Figure 3.7: Visual Basic 2010 workspace

In designing the GUI, all parameters need to determine the fault currents’ types must
be included. The system is designed to display three-phase current inverter waveform, that
shows the pattern of normal and during both short-circuit and open-circuit fault occur. The
system also designed to display the value of RMS and average current value. The status of the
current also must be shown to users whether it is normal or facing some faults. Therefore, the

fault can be detected and monitored.
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Table 3.1: Pin descriptions [28]

GND - - The reference point for :

- single-ended analog input measurements
- analog output voltages

-digital signals

- +5VDC supply

- +2.5 VDC at the 1/0 connector

- Bias current return point for differential
mode measurements.

Al<0...7> Varies Input | Analog input channels 0 to 7

- Single-ended measurements: each signal
is an analog input voltage channel.

- differential measurement: positive and
negative inputs pair; Al<0,4>, Al<1,5>,
Al<2,6>, Al<3,7>

AO<0...1> GND Output | Analog output channels o and 1

PO<0...7> GND Input or | Port O Digital 1/0 channels 0 to 7
Output
P1<0...3> GND Input or | Port 1 Digital I/0 channels 0 to 3
Output
PFIO GND Input Configurable as either a digital trigger or
an event counter input.
+25V GND Output | +2.5 V external reference
+5V GND Output | +5V Power supply

The current transducer will be used in accomplishing this project is SCTO013,
100A:50mA Non invasive AC current sensor split core current transformer by YHDC as
shown in Figure 3.9. This current transducer is based on the magnetic transformer working
principle and suitable for power grid, power energy measurement, or measuring real-time

domestic appliances. The datasheet for this product is attached in appendices. Other
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applications is in measuring current, monitoring and protection of AC motor, air compressor
and lighting equipment. For this project, the current transducer is suitable since it act as clamp
meter that can be used for other applications using inverter. Thus, the system designed can

monitor and detect fault in many inverter applications. [29].

Figure 3.9: SCT013, 100A:50mA current sensor [29]

The specifications are:
e Non-linearity = £3%
e Turn Ratio = 100A:50mA
e Resistance Grade= Grade B
e Work Temperature=-25° C to +70° C
e Dielectric Strength (between shell and output) = 1000 V AC/1min 5mA
e Leading wire in Length = 1m
e Open size = 13mm X 13mm
e Input Current (100A AC Version) =0 to 100AC / Output Mode = 0 to 5mA
e Input Current (30 AC Version) = 0 to 30A AC / Output Mode =0to 1V

Figure 3.10 shows the schematic diagram of current transducer. From the diagram,
transient-voltage suppressor (TVS) diode is used as a protection of the transducer from voltage

spikes induced in wires. These diagrams will guide the connection and wiring process of the
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system thus ensuring the system works as planned. The design of the hardware is presented in
Chapter 4.

VS Tout

L3

Figure 3.10: SCT013, 100A:50mA schematic diagram [29]

3.2.5 Combination of Hardware and Software

The last division of the project is the combination of hardware and software. Signal or
data from three current transducers will be captured and recorded by NI USB-6009 DAQ
Card. The DAQ Card will interface with GUI in VB 10.0 to display the signals. The
interfacing process will be enabled by the code programmed in VB 10.0 in order for the

software to recognize and analyze the hardware.

3.2.6 Testing and Troubleshooting

In order to determine the reliability of the system, a performance testing must be
conducted. The system’s performance is analyzed by the applications of inverter in laboratory.
This test includes the use of the MOSFET three-phase inverter. The inverter will be injected
by direct current (D.C) power supply range from zero to 240V. The circuit is connected as
shown in Figure 3.11. The current waveform produce by the inverter is monitored by
oscilloscope and the classifications fault is determined by the fault detection system designed.
The test is conducted in three conditions which are no fault condition, short circuit fault
condition and open-circuit fault condition. The fault is created at upper or lower switch of an

inverter phase or leg.
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CHAPTER 4

RESULTS AND DISCUSSION

41 Results

4.1.1 Simulation using MATLAB Simulink

The simulation is conducted to identify and analyze the behavior of fault pattern as

well as identifying the parameters graph which are RMS current and average current. Figure

4.1 shows the design of three-phase induction motor using Simulink.

Figure 4.1: Designed circuit using Simulink
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The DC voltage input for the designed circuit is 50V, the sampling time use is 50us
and fundamental frequency is 60 Hz. Figure 4.2 is the output waveform for normal three-phase
VSI that had been created in the circuit. The output waveform is produced by the scope
connected to the circuit when running or start debugging the simulation. The red signal

represents Phase A, green signal represents Phase B and blue signal is Phase C.

i

Figure 4.2: Three-phase VSI Waveform during Normal Condition

Fault generation is produced in the circuit by the aid of gating signal. The gating
signal for open-circuit fault and short-circuit fault is shown in Figure 2.7 and Figure 2.8 in the
second chapter. The output current of three-phase VSI for short-circuit fault is presented in
Figure 4.3, Figure 4.4 and Figure 4.5. These figures show the fault signal for each phase for
both upper and lower switch case. The magnitude of the fault signal increases or decreases
from 0.2s to 0.3s for all phases.
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Waveform pattern of three phases when Phase A I
experience Short circuit fault atits lower switch I
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Figure 4.4: Waveform Pattern when short circuits at lower switch Phase A.
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I Waveform pattern of three phases when Phase A

i
1
: experience Short circuit fault at its upper switch I
1

7 aseld

Currents (&)
858 4

Jaselyq

(] o _ 1 oy = Lo - = L s 2 o= O
Time (s)

Figure 4.5: Waveform Pattern when short circuits at upper switch Phase A

The same technique is being approached to analyze the open-circuit fault for both
upper and lower switch. This fault is simulated only for Phase A in order to identify its
behavior. As being conducted in short-circuit fault, the occurrence of fault is at 0.2s to 0.3s.
Figure 4.6 shows the upper and lower switch open circuit fault signal for Phase A while Figure
4.7 and Figure 4.8 presents the waveform pattern for every phase.
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I Waveform pattern of three phaseswhen Phase A :
! experience Open circuit fault at its lower switch I
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Figure 4.8: Waveform Pattern when open circuits at lower switch Phase A

4.1.2 Fault Detection using Analysis.

The parameters signal, which are RMS current and average current is estimated from
the time-frequency representation (TFR). This technique refers to equation 2.1, squared
magnitude of STFT in per unit (PU). The average and RMS current waveform patterns for
short circuit faults at upper switch of Phase A are shown in Figure 4.9 and Figure 4.10. The
peak average value for Phase A shows a positive higher value compared to Phase B and Phase
C which are below zero whereas, the RMS value for three phases are positive and Phase A
recorded high value than the other phases. The average value for Phase B and Phase C is

nearly the same.
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Figure 4.10: RMS Current when short circuit occurred at upper switch of Phase A

The average current when short circuit occurs at lower switch of Phase A is shown in
Figure 4.11. The figure shows that the average current peak value of Phase A is lower than

zero, while Phase B and Phase C value show positive value. The RMS waveform shown in
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Figure 4.12 presents the pattern in which every phase shows positive value with Phase A as
the highest value and Phase B is the lowest.
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Figure 4.11: Average Current when short circuit occurred at lower switch of Phase A
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Figure 4.12: RMS Current when short circuit occurred at lower switch of Phase A

Figure 4.13 to Figure 4.16 shows the average and RMS current for both upper and
lower switch of Phase A. In open circuit fault occur at upper switch, it shows that the peak

value for Phase B and Phase C are nearly the same while Phase A shows negative value.
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Figure 4.14 shows the RMS current and the peak value of Phase A and Phase B recorded
negative value while Phase C shows positive value. In case of lower switch, Phase A gives a
positive peak value while both Phase B and Phase C are negative as shown in Figure 4.15. The
RMS pattern for upper and lower is the same but difference in magnitude. For lower switch

case, Phase A and Phase C give a positive peak value while Phase B give value below zero.
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Figure 4.13: Average Current when open circuit occurred at upper switch of Phase A
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Figure 4.14: RMS Current when open circuit occurred at upper switch of Phase A
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Figure 4.16: RMS Current when open circuit occurred at lower switch of Phase A

Further analysis is summarized and tabulated in Table 4.1. All waveforms pattern for
open-circuit and short-circuit at upper and lower switch are analyzed and compared to get the

suitable equations that will aid system in detecting the fault and the position of the fault occur.



Table 4.1: Analysis of Fault Occurs at Phase A
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(IBavg = ICavg) >0

Fault Switch Average Current RMS Current
Position
Open Upper IAavg <0 IArms <0, IArms < IBrms
Circuit (IBavg =1Cavg) >0 | ICrms>0
Lower IAavg > 0 IArms > 0, ICrms< IArms
(IBavg = 1Cavg) <0 | IBrms<0
Short Upper IAavg > 0 IArms > IBrms > ICrms > 0
Circuit (IBavg = ICavg) <0
Lower IAavg <0 IArms > ICrms > IBrms > 0

IAavg= Average current Phase A
IBavg = Average current Phase B
ICavg = Average current Phase C

IArms = RMS current Phase A
IBrms = RMS current Phase B
ICrms = RMS current Phase C

4.1.3 Graphical User Interface (GUI) Design in Visual Basic 2010.

The GUI of the system is designed as shown in Figure 4.17. This system is known as

VSI Fault Detection System. It will display the output waveforms for both RMS and average

current. So, the pattern or behavior of the signal or data captured can be identify and monitor.

The VSI Fault Detection System will always continue to display the waveform of the

parameters during normal and fault condition for the user to supervise and for the early

detection of fault. This system can record parameters value and the status for further analysis

in order for the user to trace or identified the solution to avoid more fault from happen. The

use of LED in the system is to attract user attention on the condition of the inverter.
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Figure 4.17: System designed using Visual Basic 2010

This system consists of four buttons or switches with different functions as shown in
Figure 4.18. The start button will run and operate the system or stop the system when it is
operating. The simulation switch as shown in Figure 4.19 gives example of how the system
operates that will give the user a better understanding on the operation. The recorded data can
be viewed when clicking the” VIEW FILE” button. The data will be saved in .txt format. User
also can locate the file recorded by clicking the “OPEN FOLDER” button as shown in Figure
4.20.

RECORDS
SLAHT SIMULATION

START AND STOP o OPENFOLDER = = = - # OFENFILE LOCATION
==
SYSTEM ==
I
I

VIEWFILE ——- -~ VIEWRECORD DATA

SIMULATION FAULT

Figure 4.18: Button selection
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Figure 4.20: The file locations of data recorded.
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File Edt Format View Help

-
Voltage Source Inverter Fault Detection System
Date:Friday, May 16, 2014 Time:9:23:02 PM

TIME IAave (A) IBave(A) ICave (A) IArms (A) IBras (A) ICrms(A) Status

9:23:05 PM 0.0010 0.0002 0.0025 8.0024 0.0023 8.0033 No Fault

9:23:07 PM 0.0910 0.0004 0.0024 0.0024 0.0023 0.90033 No Fault

9:23:09 PM 0.0012 0.0003 0.0025 0.0024 0.0024 0.0033 No Fault

9:23:11 PM 0.0011 0.0003 0.0025 0.0025 0.0023 0.0033 No Fault

9:23:13 PM 0.4565 9.1900 -8.1900 0.6684 0.7381 0.7093 $12 Open Circuit

9:23:15 PM 0.0000 0.0000 0.0000 8.7211 9.6403 0.7057 No Fault

9:23:17 PM ©.0000 0.0000 0.0000 0.7211 0.7363 0.6820 No Fault

9:23:19 PM -8.2530 0.1110 0.1110 0.6611 0.7363 0.7057 No Fault

9:23:21 PM 0.5000 0.2000 -0.2000 0.6801 0.7368 0.7194 $12 Open Circuit

9:23:23 PM -0.1700 9.1700 0.4862 0.7068 0.6690 0.6868 $32 Short Circuit

9:23:25 PM 0.0000 0.0000 0.0000 0.7211 0.7363 0.6820 No Fault

9:23:27 PM 0.0000 0.0000 0.0000 0.6611 0.7363 0.7057 No Fault

9:23:29 PM 0.4558 9.1510 -0.1510 9.6611 0.7057 0.7363 $12 Open Circuit

9:23:31 PM -0.2000 9.2000 0.50e00 09.7035 9.6922 98.6681 $32 Short Circuit

9:23:33 PM -9.1500 0.3442 -0.1500 0.7035 0.7130 9.6892 No Fault

9:23:35 PM 0.0000 0.0000 0.0000 9.6611 9.7363 e.7e57 No Fault

9:23:37 PM 0.0000 0.0000 0.0000 9.6611 0.7057 0.7363 No Fault

9:23:39 PM -0.1710 -0.1710 0.4238 9.7211 9.7057 9.6403 $32 Short Circuit

9:23:41 PM -9.2000 0.5800 -0.2000 0.7072 9.6980 8.7102 511 Short Circuit

9:23:43 PM 0.0000 0.0000 0.0000 0.6868 0.7240 0.7179 No Fault

9:23:45 PM 0.0000 0.0000 0.0000 0.6611 0.7057 0.7363 No Fault

9:23:47 PM 0.0000 0.0000 0.0000 0.7211 0.7057 0.6403 No Fault

9:23:49 PM -9.1910 ©.4634 -0.1910 0.7211 0.6820 0.7363 511 Short Circuit

9:23:51 PM 0.0000 I 0.0000 0.0000 9.6955 0.7141 0.7134 No Fault

9:23:53 PM 0.0900 -8.3726 0.0900 0.6704 0.6888 9.7096 No Fault

9:23:55 PM 0.0000 0.0000 0.0000 0.7211 0.7057 0.6403 No Fault

9:23:57 PM -0.0110 0.0373 -0.0110 e.7211 0.6820 0.7363 No Fault

9:23:59 PM ©0.0000 ©.0000 0.0000 09.6996 09.7063 0.70855 No Fault

9:24:01 PM 0.2000 -0.5000 0.2000 9.6919 9.6619 8.7197 521 Open Circuit

9:24:03 PM 0.0700 0.0700 -0.8996 0.7063 9.7371 0.6634 No Fault

9:24:05 PM 0.0000 0.0000 0.0000 e.7211 0.6820 0.7363 No Fault v

< « ALATN/ . >

S

Figure 4.21: Data recorded in .txt format.
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Figure 4.22: Status Box

AMD POSITION OF SWITCH

The “STATUS BOX” as being shown in Figure 4.22 describes the status of the

inverter when operating in a system. During normal condition, the normal green LED will

light up and the description box will show “No Fault”. When fault detected, the red LED for

open-circuit fault and short-circuit fault will light up according to the type of fault detected

and the description box will show the fault types as well as the location of affected switch. The

value of parameters needed for the detection is as shown in Figure 4.23. The parameters

needed for the system is the RMS current and also the average current. The system is aid with

colorful waveform for user to easily differentiate the waveform and the value readings.



4.1.4 Hardware Design
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PHASE CURRENT VALUE IN RMS
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| PHASE AVERAGE
0A
B 0A 0A
C 0A

Figure 4.23: Parameters Value

The system’s hardware is design using three current transducers and NI USB-6009

DAQ Card. The three current transducers are isolate connected for differential measurement.
They are connected to pin Al 0+ and Al 0-, Al 1+ and Al 1- and Al 2+ and Al 2- in DAQ
Card. The connection diagram is shown in Figure 4.24. All current transducers and DAQ card

use +5V at the input. The end product of the hardware is shown in Figure 4.25.
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GND [=u|{E3 1S3 I GND
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Figure 4.24: Hardware Connection Diagram
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4.1.5 Performance Testing

Referring to connection diagram in Figure 3.11 in chapter three, the inverter was
connected and analyzed as shown in Figure 4.26. The MOSFET three-phase inverter was
supplied by 240V of Direct Current (DC) voltage. Figure 4.27 shows the current waveform

during no fault condition with the magnitude of 2.02A.

Figure 4.26: Connections for performance testing.



Run

Trig'd

[

N

Nl

& 1.00v 2 BN K. T .
®2 100uv 4.00p5 4.00ms 250kS/s - - ]
R 100pY 4. 00145 10K points —160mvy |
value Mean Min Max std Dev -
@ Peak—Peak 4.04 YV 4.11 320m 7.40 159m 22 May 2014
@ rnS 1.43¥ 1.45 46.0m 2.04 40.3m 17:14:40
Save Save Save Recall Recall '::vi'[gtg File
Screen Image|| Wwaveform Setup Waveform Setup waveform Utilities

Figure 4.27: Current waveform during no fault conditions.
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The upper switch of Phase A of the inverter was open circuited for fault generation

purpose and then it was being short by using a resistor connected in parallel. The resulted

waveforms are shown in Figure 4.28 and 4.29. From the results, there were some differences

in the magnitude of the waveform. The faulted waveform were analyzed to be about half of

the normal waveform. This shows the presents of DC source when fault was present as shown

in Figure 4.3 and Figure 4.6 in simulation section.
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Figure 4.28: Open circuit fault waveform.
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Figure 4.29: Short circuit fault waveform.

The performance of the system was analyzed by clamping three current transducers at
each phase as illustrated in Figure 4.30. The system was tested with and without faults. The
data recorded by the system was tabulated in Table 4.2.

Figure 4.30: Current transducers clamped at each phase.



Table 4.2: Data classifications of faults

FAULT CREATED

DURING PERFORMANCE

TESTING

SYSTEM ANALYSIS FAULT

CLASSIFICATIONS

SWITCH POSITIONS

No fault created

No fault (Normal)

Open circuit connection at -

P i Open circuit fault S11
upper switch Phase A
Open circuit connection at o

P . Open circuit fault S21
upper switch Phase B
Open circuit connection at o

P . Open circuit fault 3l
upper switch Phase C
Open circuit connection at L S12
lower switch Phase A Open circuit fault
Open circuit connection at . S22
lower switch Phase B W
Open circuit connection at . . 532

| n circuit faul

lower switch Phase C 4 B &

hort circuit connection y
Short ¢ 9“ Gy Short circuit fault S11
upper switch Phase A
Short cwc_:mt connection at Short circuit fault rkh
upper switch Phase B
Short cwc_:mt connection at Short circuit fadlt 331
upper switch Phase C

hort circuit connection WIF
Short ¢ gu t connection at Short circuit fault S12
lower switch Phase A
Short cwcwt connection at Short circuit fault S22
lower switch Phase B
Short circuit connection at 532

lower switch Phase C

Short circuit fault
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4.2 Project achievements

This project had being awarded with a silver award medal during the participations in

International Engineering Invention & Innovation Exhibitions (i-ENVEX) on 11" of April
2014 to 13" of April 2014 which are held at Universiti Malaysia Perlis, UNIMAP. Figure 4.31

and Figure 4.32 shows the award certifications and the silver medal received. On May 18",

2014 this project received a special award known as “Outstanding Achievement Award”

during International Innovation Festival (INNOFEST) at Universiti Teknikal Malaysia Melaka

(UTeM). Figure 4.33 shows the special award while Figure 4.34 shows the certification of

participation.
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&ar \ -
; \ i3
is presente - . 5
¢ Mmap
NORHAZILINA BEINTI BAHARI; DR. ABDUL RAHIM BiN ABDULLAH; SA’ADAH BINTI DAUD o
“) for commending an excellent and creative effort 1o
Voltage Source Inverter- Fault Détection System (VSI-FaDS)
osTI exhibited at the
INTERNATIONAL ENGINEERING INVENTION & INNOVATION EXHIBITION (i-ENVEX) 2014
held on
MINDS
APRIL11™ -13™, 2014
UNIVERSITI MALAYSIA PERLIS
FYREQ
) ;‘;{Ve,«‘ ! {1._, . ,//f‘/ oo A

Figure 4.31: The certificate of Silver Prize.




Figure 4.32: The Siver Medal received during iI-ENVEX 2014
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Figure 4.33: The Outstanding Achievement Award during INNOFEST 2014.
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CHAPTER 5

CONCLUSIONS

Inverters are important devices used in everyday life. Power inverters are widely
applied in many areas. It may used as portable consumer devices allowing the connection to a
set of batteries to device that are producing AC power to run in various electrical such as
kitchen appliances, power tools, televisions and lights. The main arrising issue in inverter is
the switching device which are very sensitive to a small disturbance that can lead to whole
system to malfunction. The development of inverter’s fault detection system is necessary in
order to ensure the continuity of devices and appliances without distinguishing in which area
they are applied. Thus, this provide solutions in managing time and maintenance cost. The
system is developed to be reliable by researching and selecting the accurate and most
applicable technique which is analysis of fault using spectrogram technique. This technique is
reliable and more accurate in presenting the signal as it can shows three parameters within a
graph. The parameters are magnitude, frequency and time. A simulation is done to analyze the
behavior of fault presents using MATLAB Simulink. Parameters such as average and RMS
current aids in detecting fault which are short-circuit fault and open-circuit fault. The
implementation of a new version software such as Microsoft Visual Basic 2010 is necessary to
ensure the development of systematic system in line with increasingly sophisticated
development.The use of three current transducers clamped at every phase of the inverter
enables the measurement of parameters. NI USB 6009 DAQ Card interprate the analog signals

from the transducers and convert it to digital signals that can be read by the system. For future
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development, a system that can detect other faults such as DC link capacitor short-circuit fault
and ground fault with more parameters such as RMS voltage, average voltage and harmonic

distortions are suggested in order to maintain the efficiency of the device.
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APPENDICES

Appendix A: Table Al - Gantt chart

FYP 1

TITLE SELECTION

FYP BRIEFING

LITERATURE REVIEW

SIMULATION

SOFTWARE
DEVELOPMENT
(DESIGNING GUI)

HARDWARE
DEVELOPMENT
(DESIGNING)

REPORT PROGRESS
(SUBMIT)

SEMINAR 1
(PRESENTATION)

FYP 2

LITERATURE REVIEW

SOFTWARE
DEVELOPMENT
(TESTING,
TROUBLESHOOTING)

HARDWARE
DEVELOPMENT
(TESTING,
TROUBLESHOOTING)

INTERFACING
HARDWARE AND
SOFTWARE

FIELD TESTING

FULL REPORT
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USER GUIDE AND SPECIFICATIONS
NI USB-6008/6009

Bus-Powered Multifunction DAQ USB Device

Frangais  Deuisch Akl #=0 i e
ni.com/manuals

This user guide describes how to use the National Instruments USBE-6008 and Mational lnstroments
ISB-40049 data acquisition (DAL devices and lists specifications.

The NI USB-6008/009 provides connection to eight single-ended analog input (AL channels. two
anakyg output {AD) channels, 12 digital inputfoutput (D10} channeds, and a 32-bit counter with a
full-speed USE interface. Table | compares the devices.

Table 1. NI USE-G004 and M1 USB-600% Comparsan

Featlure NI USH-6008 M1 USE-600%
Al resolution 12 bits differential, 14 bits differential,
| 1 bits single-endad 13 bits single-ended
Maximum Al sample rate, 10 kS/E 18 kS5
single channel”
Muaximum Al sample raie, 10 kS/E 48 k&5
multiple channels (agerepate)”
D10 configuration Open collectort Each channe| individually
programmable as open collector
o active drive

* Sysiem-dependent.
# This document uses 8I-DAGQmx naming comentions. Open-drain is callsd opencollecior znd pash-poll iscalled

BCUSE OITVE.

NATIONAL
INSTRUMENTS



Figare | shows key functional components of the NI USE-G008G000.

AN

>

Extemal
B Vous Poowar +E V200 mA >
- L Supply
= 5
L=
5 PFl 0 m
3 e I—
- E
0
.ﬁ' ! 0=5E > 1ISA Microcontroder T M. 3 > i
z RE
. PO T > =
S =
£
25 WICA >
—> 8 Channal v
. 1214k ADC A
— w2l 7 %
i et
=
—I.:’ 2hoeG [ AD O > &
2
g
| M| B
- 12b DAC A 1 > £

Figura 1. /NI US3-6008%009 Biock Diagram

Contents

Safety Guidelines..
Electromagnetic E‘l:-mpaumlnv Gmdellm
Unpacking._.
Setting Up111.. ‘4] USB &D:'E.I'E-EHIH -
Using the N1 USB-6D0E&MS0 in an a'..1:i;lln:a11|:ue|1
Feanses._ .

USHE C‘mmctcrarr:l LISE C‘al:-le Sbmm P...IleF

Screw Terrnmal C'El.'ll'hi.‘cb.‘.‘d’ I"Iugs

Firmware...
Cables and .ﬁ.n:c'essunes et et h e £t et £ttt ettt ettt
Pinouwt and Signal Degz'nptlms

O N - Sy Ny

W [SE-600BE00Y User [ 200 Spadicanns 2 nicam



Analog lnput

66

Amnalog Input Modes and Signal Sources. ..

Floating Signal Sowrces ..

Cround-Referenced Signal Sources

Taking Differential Measuremenis

Taking Eeferenced Single-Ended Measurements

Digital Trigeer

Analog Ohtput....

Comnecting Analog Output Loads

Minimizing Glitches on the Cutput Signal

Digital 10

Sowrce/Sink Information

L' Protection

Power-Oin States

Static DIy,

PFID

Using PF1 () as a Dbgital Trigger

Using PF1 0 as an Event Counter

Extemal Reference and Power Sowrce

+5 W Power Sowrce. .

Where to Go from Here .

Example Programs........ . e

Related Documendation.

Where to Go for Support ...

Satety Guidelines

/N
AN\
AN\

Oiperate the NI USB-0008G0H0 device only as described in this user guide.

Camfion  Doaotoperate the NI USB-60086G000 in a manner not specified in this document. Misuse
of the device can result ing harard. You can compromise the safety protection bailt into the device if
the device is damagzged i any way. If the device is damagped contact Matisnal lastruments for repair.

Camfisn Do Aot substitute parts of modify the device except as describad in this document. Use the
device only widh the chassis, modubes, aocessories, and cables specified in the installation
insEmuctions. You musi havia all covers and fller pamsls installed during operation of the device.

Camfion [Domot operate the device in an explosive atmosphere or where there may be flammable
gases of fumes. If you must operate the device in such an environment, it must be in a suitably rated

enclosure.

Electromagnetic Compatibility Guidelines

This prosduct was tested and complizs with the regulatory requirements and limits for electremagnetic
compatibility (EMC) as stated in the product specifications. These requirements and limits are designed
o provide reascnable protection against harmdful inerference when the product is operted in its

intendad operational electrmagnetic environment.

This product is intended for use in industrial locations. There is no goarantee that harmfol interference
will not ocour in a particular installation, when the product is connected to a test object, or if the prodect
i= used in residential areas. To minimize the potential for the product to canse interference to radio and

D N N | EfT ime s Corpoiz fnn 3 Ni LGE-60058000 (o FUie a0 Spadiicaims



television reception of 10 experience unaccepiable performance degradation, install and usz this prodoct
im strict accordance with the instructions in the product documentation.

Fuerhermore, any changes of maodifications to the product not expressly approved by Mational
Instruments coubd woid your suthority o operate it onder your local repulatory rules.
Cawtion To ensure the specified EMC performance, operate this product only with shiskded cables
and accessories.

Cawtion This product may becoms mone sensitive o electromagnetic distarbances in the operational
environment when test leads are attached or when connected o a test object.

Camtion Emissions that exceed the regolatory regquirements may oocwr when this product is
comnecied 1o a test object.

Camtion Changes or modifications not expressly approved by MNational Instruments could vosd the
wser's authority to operate the hardware under the local rezulatory mles.

> > B

The NI USB-6008'6000 device ships in an antistatic package o prevent electrostatic discharge (ESDN.
ESD) can damagpe: several components on the device.

& Coamtion  Mewer iowch the exposed pins of conpectors.
Ty avoid ESD damage in handling the device, take the following precautions:
+  Groond yourself with a grounding strap or by touching a groended object.
*  Toach the antistatic package 10 8 metal pan of yowr computer chassis before removing the device
from the package.

Pemove the device from the package and inspect it for loos: components or any other signs of damagpe.
Motify M1 if the device appears damaged in any way. Do not install & damaged device in your compuies
of chassis/

Stoge the device in the antistatic package when the device is mot in usz.
Seiting Up the NI USE-6008/6009

Complete the following steps to get started with the N1 LFSB-G008/6009:
Nete . Forinfonmation about non-Windows operating sy stem support, refer toibe Gefting Starfed

with N-DAQmx Base for Linnr and Mac 08 X Users docoment available from ni . com/mamals.

|. Install the application software (if applicablel, as described in the installation instructions that
ACCOMPpAENY your softwarne.

2 Install NI-DAGmx!.
E Note The MI-DACHx software is included on the disk shipped with your kit and is available for
download at ni . com/ support. The documentation for NI-DAQmx is available after installation
from Start=All Programs=National InstrumentssMN1-DAC). Ciber M1 documentation is available

from ni . com/manuals.

! N1 USH-GO0RG00 devices are supparisd by NI-DAQmx 7.5 and later.

N LSE-E0EI0T Leer Gl 200 Spadiranng 4 nicam
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1. Install the 14-position screw terminal comnector plugs by inserting them into the connector jacks
as shown in Figare 2.

1 Creriey Lobel with Pin Oicrmiation Guides 31 Signal Labal
2 Borew Teminal Connector Flug 4 LUSH Cabla

Figure 2. Signal Labzl Applicztion Diagram

4 Affix the provided signal labels to the screw terminal connecior plugs. You can choose labels with
pin numbers, signal names, or bank labels, a5 shown in Figere 3. Choose one of the labels. align
the comect label with the terminals printed on the top panel of your device and apply the label, as
shown in Figere 2.

T ]

1 faa| +ue- |+ - o] vam - fan| can - |anpedeifa 4

[T T T PT | | or

I D AN VA K O M2 AR N A3 AT O ACE A1 O

T2 4§87 &8 10N 129304 16 18
BRALTG T | DEGITAL

RN BBETXETANDEDHN DI9EIT
@—l-f:i: & @EVPIOPLIPLE PLI PO POT POE FOS PG PO PO 0 P

HEEEEEEEEEEE IIIT—@

1  Usar-Defined Custom Labal 4 Analog
2  Terminal Mumbar Labal 5 Analog
3  Digial 0 Label

Input Differantial Signal Name Labal
Input Single-End ignal Name Labal

Figura 3. NI USB-GI0E/5000 Signal Labels

E Hote After you label the screw terminal connector plugs, you muest only insert them into the
matching connector jack. as indicated by the overlay label on the device.

5. PMug ooe end of the USE cabde into the N1 USB-6008/6008 and the oiber end inbo an available
USE port on the computer.
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Dowble-click the Measuremeni & Awiomation icon. shown at kefi. on the deskiop to open
Measuwrement & Awinmation Explorer (MAX).

Expand My Systems-Devices and Interfeces and werify that the NI USBE-6008G000 is listed. 1f
yourr device does not appear, press <F5s to refresh the view in MAX If your device is still oot
recopnized, refer o ni . com/ support / dagmx for roubleshooting information.

B Self-test your device in MAX by right-clicking M1 USB-6iix and selecting Self-Tesi. Self-test
performs a brief test o determine successful device installation. When the self-test finishes, a
message indicates successful verification or if an emor cocurred. If an error oocwrs, refer to
ni.com/support/dagmc.

& Cawmtion To ensure the specified EMC performance. operate this product only with shielded cables
and accessories.

4 Coamact the wires (16 1o 28 AWG) of a shieldad, multiconductor cable o the screw terminals by
stripping 6.35 mm (025 in_) of inmalatéon, inserting the wires into the screw terminals, and securely
tighieming the screws with the flathead screwdnnver tooa torque of 022025 N - m{(20-2.2 b - in.}
Rifer tx Figure & for the NI USB-6D0S/4009 pinout.

If using a shielded cable. conmect the cable shield to a mearby GNI terminal.
E Nete  Forimformation about sensors, go o ni . com/ sensors. For information about TEEE 1451.4

TEDS smarnt sensors go 0 ni . com/ tads.
10. Run a Test Panel in MAX by mzghi-clicking N1 USE-60x and selzcting Test Panels.
Click Start to test the devica functions. or Help for operaling instroctions. Click Close to exit the
iest panc].
Using the NI USB-6008/6009 in an Application

Yo can use the D) Assistant throagh many NI application softwane progroms 1 configene vimeal and
mieasurement chaanels. Table 2 lists TMACY Assistant tetorial locations for M1 applications.

Table?. DAQ Assistant Tutorial Locatons

NI Application Trtorial Location

LabWIEW Gaoto Help=Lab VIEW Help. Mext, go o Gelting Started with LabVIEW -
Ceetting Started with DAQ=Taking an MNI-DACQmx Meassurement in
Lab¥IEW.

LabWindows™/CvI™ o b HelpeContents. Next, go to Using LabWindows' CVl=Dala Acquisition=
Taking an NI-DAQmx Messuremeni in LabWindows(CVIL

Mezsurement Studio Ceoto W1 Measurement Studic Help-Celting Started with the Messuremeni
Siudio Class Libraries=Messurement Studio Walkithroughs-Walkihrough:
Creating & Messuremeni Studio MI-DACQymx Application.

LabVIEW SignalExpress | Goto Help=Taking an MI1-DA Qmx Measorement in SignalExpress.

Refer to the Where Io Go from Here section for information aboat programming examples for
MI-TDAQm and NI-DACmx Base.
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Features

The N1 USB-0008 G003 features a USHE connector, USE cabde strain relief, bwo screw terminal
conmector plugs for L0, and an LED indicator, as shown in Figure 4.

3.-'
4
1 USHE Cable Strain Rolicf 2 LED Indicator
2  ‘Sorow Terminal Comnactor Plug 4 U5E Connecior

Figure 4. NI USE-G00BGI0S Top and Eack Views

USB Connector and USE Cable Strain Relief
Tha NI USE-6008 SN feateres a USE conmector for full-speed USB intarface. Wou can provide strain
redief for the U5B cabée by threading a zip te through the USE cable sirain relief ning and tizhiening
around & keoped 1158 cable, 2 shown in Figure 5.

Figure 5. M| USB-G00B/G008 Strain Rallat
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LED Indicator

The N1 USB-5008/6000 device has a green LED indicator that indicates device status, as listed in
Table 3. When the device is connected 1o a USE port, the LED blinks steadily to indicate that the device
is initialized and is receiving power from the connection.

Tahle 3. LED Siate/Device Stafus

LEIY Siate Dhevice Status
Mot lit Device not connected of in suspend
O, not binking Device connected but not initialized, or the computer is in standby mode.
I order for the device to be recognizad, the device must be connected to a8 compuler that
has NI-DACmx installad on it
Simgle-blink Oiperating normally

Screw Terminal Connector Plugs
The NI USB-6008/6009 ships with one detachable screw terminal connector plug for analog signals and
one detachable screw terminal connector plug for digital signals. These screw terminal connectors
provide 16 commactions that use 16-28 AWG wire. Refer to step 4 of the Setting U'p the
N USB -0l 008 seciion for information sbout selecting labals for the screw ierminal conpector
pdues. Refer to the Pinout gad 5ipral Descriptions section for the device pinoat and signal descriptions.

You can order additional conneciors and labels for youar device. Refer to the Cafles and Accessories
section For ordering information.

Firmware

The frmware on the NI LSE-6005S008 refreshes whenever the deviee is connactad to a computer with
MNI-DAQmx. MI-DAmx antomatically uploads the compatible firmware version to the device. The
firmwate version may be uperaded when new versions of NI-DACmx refease.

M USE-600 5009 Leer Guite 20 Spaditanng 8 nicom
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Cables and Accessories

72

Table 4 contains information about cabdes and accessories available for the N1 USB-60086000. For a
complete list of accessones and ordering enformation, refier o the pricing section of the N1 USB-6008
of M1 USB-6000 product page 3 ni . com.

Tahle 4. NI USB-G008/G003 Cablas and ACCESS0rES

ACoEssory Fart ¥umber Descripton

USH-G00&MD09 Accessory Kil TAT00 Frour additional screw-t=minal connectors,
connector labels, end o screwdriver

USH-6000 S=rizs Frototyping Accessory TH511-400 Unshizlded breadboarding accessory for
oustom-defined signal condilioning and prototyping.
You can uxe up 1o twn Bocessaniss per devics.

Hi-Speed USH Cahle 18412501 | mi znd 2 m lengths

184125402

shielded inputfoutput ports

Camtion: For compliance with Electromagnetic Compatibility (EMC) reguiremenis, this prodoct must be operaied with
shielded cahles apd afcessorips. 1T wnshinldsd cables or meopssies we used, the EMIC specifications ares no kanger
guamniced wnless all unshislded cables andfor acoessonies are installed in o shizlded enclosare with propedy designed snd

Pinout and Signal Descriptions

Figure & shows the pimsat of the NI USB-600806009. Analog inpat siznal names ane listed as
single-anded aralog inpat name, Al x, and then differential analog input name, (Al x#/-). Refer io
Table 5 for a detaited descreption of cach signal.

GO
Al 0ol Ad O+
Al 4 (A0
GHD
Al (Al 1+
AlE (Al 1)
GHD
Al 2 (Al 2+
Al z—i
GHD
Al 3 (Al 3+
AlT (Al 3
GHD
ADD
AD 1
GHD

[

i (202 2 e e ]l

I IIEI-EI-FI-EI-Q-I-I-[II-H B.BSPFEZE I

-I_I_jl

J GMNO

Fo.o
|1 Pad
Po.2
I} Poa
Po.4
|| Pos
P06
Il Poy
Pi.0o
P1.1
Pz
[l P13
PFlo
|l s2svY
+5

WA R SR oIAL

i N 0N | el LTE T Corpo.E oo

Figure &. NI USE-G0025009 Plnout
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Table 5. Signal Descriptions

Signal Name

Kelerence

S

GND

Ground—The reference point for the singlz-ended analog inpal
messurements, salog cotput wolisges, diginl signals, +5 VI supply.
and +2 5 WD at the I connecior, and the bixs coment retnm poind for
differ=ntial mode messuemenis.

Al 0.7

Varies

Input

Analog Input Channels  io T—For single-ended messursments, zach
signal is an analog input voliage channel. For diffsrentizl measur=ments,
Al 0 end Al 4 are the positive and negative inpuis of differential analog
inpud chennzl 0. The fallowing signal pairs slso form differential inpal
chanmels: Al<l, S Al<l, i, and Al<3, T Refer to the Aralop fapat
section for mone information.

A, 1

(NI

Chutput

Anadog Output Channels & and 1 —Suepplies the volizge outpat of
A0 channel 0 or AD channel 1. Befer io the Anelop Dalpat ssction for
more informmation.

Pl 7z

Inpui or Cutgot

Part O Digitsl LA Chanmeds O to T—You can individuslly configure
each signal as an inpul or outpal Befer io the Dépitel 147 section for
more infonration.

Pl 3

Input or Chuigal

Port 1 Digital I Chanmeds O to 3—You can imdividually configure
ench signal = oninpa or guipul. Refer o the Dipifs 170 section for more
infnrmation.

FF1D

Input

PF1 % —Thix pin is configurahle os eithar 2 digitz] riggsr or an evenl
counier inpul Refer io the PFT 0 section for man: informatian.

+25 ¥

LEiL I

+15'Y Extermal Reference —Trovides 2 mference for wrap-hack
tzsting. Hefer o the +25 ¥ Exermal Begference section for mome
information.

+5 ¥

MY

Chatput

+5 V' Power Soarce—Provides+5 "V power up o 300 mA. Hefer o the
+5 ¥ Fower Sowrce section formore information.

M LSE-50MEE00S [Ear Guide 20T Specditanng
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Analog Input

The NI USB-6008/A009 has eight analog inpat channels that you can wse for fowr differential analog
input measurements or eight single-endad analop inputl measurements.

Figure 7 shiwws the analog inpat circoitry of the NI USB-600EB000,

+2 EVger
0.9 ki) D MUX PGA ADC Al FIFD
127 ki *
Al /‘/
Input Range
8.2 ko Salection
_L_

Figure 7. NI USB-600&/6009 Analog Input Clrcultry

The main blocks feamred in the I USB-6008/6000 analog inpuat circuitry are as follows:

= MUX—The NI USR-40086000 has one analoz-to-dizital convener CADC). The muhiplexer
(MUK} rowies one Al channel at a time (o the POA.

=  PGA—The progammable-gain amplifier provides inpat gains of 1.2, 4. 5, 8 10, 16, or 20 when
configered for differential measerements and gain of 1 whea configured for sinple-ended
measuremenis. The FOA pain is sutomatically calculated based on the wvoltage range selected i the
mieasurement application.
ADMC—The analog-to-digital converter £ADC) digitizes the Al signal by comverting the analog
vodiape into digital code.
Al FIFO—The MLETSB-6008/%6000 can perform both single and mudtiple analog-to-digital
comversions of a fized or infinite number of samples. & first-in-first-out (FIFC) buffer holds data
during Al acquisitions to enswre that nodata is bost.

Analog Input Modes and Signal Sources
You can configere the Al channels on the N1 USE-6008/6000 to take differential or referenced
single-ended (RSE) measwrements. Table 6 summarizes the recommended analog input mode(s) for

floating signal sowrces and grovnd-refierenced signal sources. Refer to Table 5 for more information
about 170 connections for single-ended or differential measurements.

i N B | Efr Lme s CorpaiE oo i NI GE-E0085000 (Ear FUP 2 Spacdicaions



Table 6. Analog Input Configurations

Analog Inpui Mode

Floating Signal Sources
(Mo Connected (o Building CGround)
Examples:
Ungroended thermocowples
Signal conditioning with isolated
outputs
Battery devices

Example:

-

Ground-Beferenced Signal Sources

Plug-in instraments with
nof-isolated owtputs

Diffierential (DIFF)

Sigmal Equmg Il LES B-E00eE000

ST

: 3

mk EMD
R !
Referenced
Single-Ended (RSE)
Signal Eoasca hiL=E-Bcnamm
j:u i
Gk ;
S i
Girunoop potantial (¥, - Vo) & edded
1o maasured sigral
Floaling Signal Sources

A floating signal source is niot coanactad 1o the building ground system, but hias an isolased
eroand-reference point. Some examples of floating signal sowrces ane cutputs of transformers,
thermocouples, battery-powerad devices, optical isolators, and iselation amplifiers. An instrument or

device that has an isolated output i a floating siznal source.

Refer to the N1 Developer £one document, Field Wining and Noise Considenations for Aralop Signals,
for more information. To access this docoment, go tond - comy Anfo and enter the Info Code ratwn3.

Whan to Use Diffarantial Connections with Fleating Signal Sourcas
Use IMFF input conmections for any channe! that meets any of the following conditions:

= Youwr application requires input ranges other than £10 V.
+  The input signal is low level and requires greater accuracy.

+  The leads connecting the signal io the device are greater than 3 m {10 fi).

+  The input signal requires a separate ground-reference point of refem signal

W [5E-60085009 User [P 200 Spacitanns 12
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=  The signal leads travel throngh noisy environmenis.

=  Two analog input chamnels, Al+ and Al-, are available for the signal.

DIFF signal conmections reduce noise pickup and increass common-mode noise rejection. DIFF signal
comnections also allow inpat signals o fios within the working voltage of the device.

Refer to the Taking [Nfereatiol Measurements section for more information abowt differential
comnections.

Whan io Use Refarenced Single-Ended (RSE) Connections with Floating Signal Sources

Oinly wse RSE input connections if the input signal meets all of the following conditions:

=  The inpuwt signal can share a common reference point, GND, with other signals that use R5E.

= Wour application permits the nse of the £10 % input range.

#  The leads connecting the signal to the device are less than 3 m (10 fif).

DIFF input connections are recommended for greater signal integrity for any input signal that does mot
mest the preceding conditions.

In the single-ended modes. more electrostatic and magnatic noise couples into the sizgnal conneclions
than in DFF configerations. The coupling is the result of differences in the signal path. Magnetic
coupling is propogiional to the area between the two signal conductors. Electrical coapling is a function
of how much the electric fizld differs between the two conductors.

‘With this type of connection. tha PG A rejects both the common-mode nods: in the siznal and the proond
podential difference between ihe sipnal source and the device ground.

Refer to the Taking Hefereaced Sinple-Enged Measuremealy saction for more information about RSE
comnections

Ground-Referenced Signal Sources

A ground-referenced signal soarce is a signal source comnectad (o the builfing system ground. It s
already connected to a common ground point with respect to the device, assuming that the compuier is
plugezad into the same powat sysiem as the sowrce. Non-isolated owtputs of instroments and devices that
plug into the building power system fall into this categony,

The diffevence in ground poleatial between bwo instrumenis comnected to the same building power
system is oypecally berasen 1 and 100 mY, but the difference can bet much higher if power distnibution
circuits are improperly connected. 1T a groended signal source is incomecily measured. this difference
can appear as measurement error. Follow the comnection instructions for growended signal sources to
eliminate this ground potential difference from the measared signal.

Refer 1o the NI Developer Zone document, Field Wiriag and Noise Considerations for Analop Sipaals,
for more information. To access this document, zo tondi . com/ into and enter the Info Code rafwm3.

When fo Use Difierential Connactions with Ground-Referenced Signal Sourcas

Usz DIFF input connections for any channel that meets any of the following conditions:
= Wour application requires input ranges other than £ 100V

= The inpuwi signal is low level and requires greates accuracy.

#  The leads conpecting the signal wo the device are preater than 3 m (10 fi).

= The input signal requires a saparate ground-reference point or return signal.

=  The signal leads travel through noisy environments.

*  Two analog input chamnels, Al+ and Al-, are available for the signal.
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M FF signal connections reduce noise pickup and increase common-mode nodse rejection. DIFF signal
conpections also allow input signals to float within the working voltage of the device.

Refer to the Taking Differemiial Measwrements saction for more information about differential
connections.

Whan to Use Referenced Single-Ended (RSE) Connections with Ground-Refaranced Signal Sources
Do mot wse BSE connections with ground-referenced signal soarces. Use differential comnections
instead.

As shown in the bottom-rightmost cell of Table 6, there can be a potential difference between GND and
the pround of the sensor. In BSE mode, this groend loop capses measurement eqmors.

Taking Differential Measurements
For differential signals. conpect the positive lead of the sizgnal o the Al+ terminal, and the nepative lzad
1o the Al- terminal.

alel T
‘Violiage / + i
Source _) iHIUEB—am'm
e

Figure 8. Connmecting a Diferantial vorkage Signal

The differential input mode con measure =20 Y sipnaks in the £20 Y mange. However, the maximum
voltage on any one penis+l 0V with respect to GND. For example, if Al 1 is 10V and AL S is-10%,
then the measurement retumed from the device is+20 V.

20

Py

10
57 Al %"
ﬂ' .'I]E' Dnﬂn
Rasult e

plituds (V)

AT
¢

—10-
=16

-2

Figure 0. Example of a Diffarential 30 W Measurament
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Conmecting a signal greater than + 0% on either pin results in a clipped owiput.

20
16
10—
5 e
0 AlE gf,0

-5 Basult # ™

Amplitude (V)

—10-
15

Figure 10. Excoeding =10V an Al Returns Clipped Output

Taking Referenced Single-Ended Meazurements
To conmect referenced single-cnded (RSE) voltage signals to the Nl USB-600&/6000, connect the
positive voliape signal io an Al lerminal, and the ground siznal tooa GND terminal, a5 shown in

Figura 11.

.

Valtage 7+

I
Sourcel,__ J NI USB-6008 6008

BND | :

Figure 11. Connecting 2 Referencad Single-Ended Voftage Signal

When ne signals are connected to the analog inpat terminal, the intemal resistor divider may cause the
terminal b float to approximately 1.4 Vo when the analog inpat terminal is confipured as RSE. This
behavior is normal and does not affect the measurement when a signal is conmecied.

Digital Trigger
You can configure PFI 0 a5 a digital tigger input for analog input tasks. Befer to the Lving PFI 0ara
Digital Tripger section for more information.
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Analog Output

The Nl USB-6008/6000 has two independent analog owtput channels that can generate owtpuis from O
to 5 W, All updaies of analog cutput channels are software-timed. GND is the ground-reference signal
fior the analog owtput channels.

Figare 12 shows the circoitry of one analog output channel on the N1 USB-G0086000.

+5 W
HEF(+) REF{-) 500
12-Bit A, o A0
%/
GND

Figure 12. Clfcultry of Ona Analog Ouiput Channal

The main block featared in the N1 USB-&008% W8 analog cutpot circuibry is the dicital-to-analog
convenes (DAC), which converts digital codes 1o analog woltapes. There is one DAC for each analog
bt line.

Connecting Analog Dutput Loads

To connect boads 1o the NI USE-A008/6005, comnact the positive lead of the load tothe AD terminal,
and conpect the eround of the load bo a GMNIY terminal, 85 shown in Figore 13

Figure 13. Connecting a Load

Minimizing Glitches on the Qutput Signal
‘When you wse 8 DAC to generate o waveform, you may observe glitches in the output signal. These
plitches are normal; when a DAC switches from one voltage to another, it produces glitches doe o
releasad charges. The largest glitches ocour when the most significant bit of the DAC code changes. Yo
can baild a kvwpass deglitching filter to remove some of these plitches, depending on the frequency and
natare of the outpat signal. For more information abowt minimizing glitches. refer o the
EnowledzgeBase document, Reducing Glilches on the Analeg Oufput of MIO DAQ Devices. To access
this document, g0 t0 ni . com/ info and enter the Info Code axszak.
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Digital 1/0

The M1 USB-6008600% has 12 digital lines on two pons, Port O has eight lines, PO<0. 7=, and Port |
has fowr lines, PL<0. 3= GND is the ground-reference signal for the digiml 1O ports. You can
individually program all lines as inpats of cutputs.

Figure 14 shows POe<0.. 7= comnecled o example siznals configered as digital inputs and digital outpats.
You can configure P10, 3> similarly.

li‘l-El.'Ir I

Oud |

Len | Sl '
LED 1:‘\ v ] Eu.u
- 0.1
Wiy |-l Po.z
@Jﬁﬂ M . P03
(Er —{ o 002
T+sv TTLSgnal  |° nos
WA — = F'IJ:?

E-mtm\! N

-
~ s‘“Jﬁz

0 Conmecior T

P10 configured &s anopon colloctor digital cutput driving an LED
P2 configured &s an ectiva drive digital oulput driving an LED
PihA conhgured =s o digital input recaving o TTL sgral from o gated invartor

b G fa =

PO.7 conhgured s & dagitel inpat recaving a O ¥ or & Y signal from = swich

Figure 14. Example of Connectng a Load

Caufion © Excsading the maximom input voliage rakings or maxinem output ratings, which are listed
in the Specifications section, can damage the device and the computer. Wational Instroments is aof
liable for amy damage resulting from such signal comnections.
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Souwrce/Sink Information
The default configuration of the NI USB-600&G00S digital 10O pons is open collector, allowing 53 W

operation. with an onboard 4.7 kL2 pull-up resistor. An external nser-provided pall-up resistor can be
added 1o increase the source cumrent drive up o a 8.5 mA limit per line as shown in Figure 15.1

ey MNIUSB-E008/E000
". =WV
External
Pul-Up Re Ap
Hesistar 47 k2 Onboard Hasistor
Po.o =] Port Dad
=
Lbaid 2
) CND
i —

Figurs 15. Exampls of Connscting an Exdernal sar-Provided Resistor

The NI LS BE-A009 ports can also be configared as active drive wsing the NI-DAQDmz APL allowing 3.3 W
operation with a scurce/sink currant limit of 8.5 mA. For more information about how o set the DO
configuration. refer to the Knowlad geBase document, Configuning NI Devices to be Open-Draia [ Opea
Collectory on Push-Pull {Active Drive). To acoess this docament, g0 0 ni . com/ info and enter the
Info Code ax5Zsp.

Complete the following steps 1o determine the value of the wser-provided puoll-up resistor:
Mace &n ammeter in series with the load.

Mace a vaniable resistor between the digital outpot line and the +5 % supphy:

et MO0 high.

Adjust the variable resistor unbil the ammeter current reads as the intendad cerrent. The intended
current must be less than 8.5 mA.

5. Remove the ammeter and variable resistor from youwr circuit.
f. Measwre the resistance of the variable resistor. The measured resistance is the ideal valwe of the
pall-ap resistor.

T.  Selact a static resistor valoe for your pull-up resistor that is greater than or egual to the ideal
resistance.

8 Reconnect the load circuit and the pall-up resistor.

o pa =

! This document uses MI-IADMY neming conventions. Open-drein is called open collecior and push-pull is called active drive
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1/0 Protection
To protect the NI USB-6004/6000 azainst overvoltage. endervoliage, and overcurrent conditions. as
well as ESD events, vou should avoid these faolt conditions by using the following poidelines:
= If you configure a DO line a5 an cutput. do Aol connect it to any external signal source, groomd
signal, or power supply.
= If you configere a IO line as an oatpat, enderstand the current requirements of the kad connected
to these sipnals. Do aof excead the specified comrent owtput limits of the DA device.

Mational Instrements has several signal conditiondng solutions for digital applications requiring
high carrent drive.
*  If you configure a DO line a5 an input. do mod drive the line with voltages outside of its mormal
operating range. The DN lines have a smaller operating range than the Al signals.
= Treat the DA device as you would treat any static-sensitive davice. Always properly grownd
yoursell and the equipment when handling the DAL device or connecting bo it
Power-On States
Al system starfup and resed, the hardware sets all DO lines to high-impedance inputs. The DAC) device
does not drive the signal high or low. Each lina has a weak pull-up resistor connected to it
Static DIO

Each of the N1 USB-600&/5005 0 lines can be used as a static DI or DX line. You can wse static [0
limes to mondtor or coabrod dizital siznals. All samples of static TH lines and updates of DO lines ane
software-timed.

PFIO

PF1 0 s confizurabde == either 3 digital wigger inpat or an evenl oo input.

Using PFI D as a Digital Trigger
When an analog input task is defined, you can configure PFI 0 as a digital trigger input When the digital
trigzer is enabled, the Al task waits for a isingor falling edge on PF1 0 before starting the acquisition.
T use Al Starnt Trigger (aifSian Trigeer) with.a digital source, specify PFI 0 as'the soarce and select a
rising of falling edge.

Using PFI 0 as an Event Counter
You ean configura PRI (asa seurce for counting digital edges. Inthis mode, falling-edg= evenis ane
counted using a 32-bit counter. For more information about event iming reguirements, refer o the
Specificalions section.
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External Reference and Power Source

The N1 USB-6008/6009 creates an exiemal reference and supplies a power sowrce. All voltages ane
relative to pround (GNLDL

+2.9 V External Reference
The N1 USB-600&EGMNG creates a high-purity reference voltage supply for the ADC using a multi-state
regulator, amplifier, and filter circuit You can use the resulting +2.5 Y reference voltage as a signal for
self-test.

+5 V Power Source
The N1 USB-6008/6000 supplies a 5V, 200 mA owiput You can wse this soarce to power external

components.
E Mate When the device is in USE suspend, the output is disabled.
Specifications
The fellowing specifications are typical at 25 "C, unless ctherwise noted.
Analog Input
Analog inputs
Differential 4
Single-ended . 8. software-selectable
Inpat resolarion
NI USB-6lds
Differeabial. e 12 bits
Simgle-ended .o - 11 bits
NILTTSB-6000
Differemtial e 1A S
Simgle-ended ... 13 Bils
Max sample rale (aggregate)!
M USB-A008 ..o L BB
NLLSB-BO0D st nime e e A8 kS
Converter type: Successive approximation
Al FIFO: 512 bytes
Timing resolution.. 4167 ns (24 MHz timebasz)
Timing accwracy 100 ppemi o awctwal sampls rate
Input rangz
Differential IV 210V, 25V, =4V, 225V, 22 W,
= I5Y 21V
Single-ended . +10Y
! System-Jdapende=nL

3 220% mesns that [Al+ - (Al-) £ 20V, However, Al+ 2nd Al- mast both be within £10'¥ of GRI). Refer to the Taking
Differential Measurements section for more information.
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Input impedance... ...
Overvoliage profection. ..o

System noise!
Differential

Single-endad

Absolute accwracy at full scale, differential®

=10W
144 ki
=35 W

Software or external digital trigpeer

5 mVrms
0.5 mVrms

5 mVYrms

Ramge (V)

Typical at 25 “C im¥)

Maximum over Temperatore imVY)

=40 14.7

138

£ 1.73

848

25 4.18

S84

=1 i

53.1

=25 156

45.1

22 v

1215

+1.25 .70

35.0

=] 153

37.5

Absolute accwracy at full scale; single-ended

Range (¥)

Typical at 25 “C (m¥)

Maximum over Temperature (m'Y')

£

17

138

Analog Dutput

Anaalog CULPE ... e
Ohutput resodWtBon ...
Maximuom updabe rabe ... ..o

Chustput ranee ..o D B A5 W

z
12 bits
150 Hz, software-timed

S L2
5 mA

ov

1 Sysiem noise measored ab maximum semple mie.
* Imput voliages mey not excesd the working voliags ange.

2 N DD | IEIT LTE TS COrpoLe o i)
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Shaort cirouit cumrent .o

Absolute accuracy (nao load)

THPCAL e
Mavimum at foll scale ..

Digital VO
Digital L0 lines

Drection conerol ..

Output driver type!

Compatibility ...
Absolule maximam voliage rmnpe .o

Pulb-up resisbor .. ..
PO Er-00 SEHE ..o e .

Tigital bogic bevels

85

1 Vius
50 mA

JmV
6.4 mV

& lines

A lines

Each channel individeally programmabde as input
oF oakput

{Open collector

Each chapnel individually programmabde as
open collecior or active drive

.TTL, LNTTL, CMOS
0.5 ko 5.8 W with respect (o (GNE»
ATk w0 5W

Input

Laval

Min Max

Ipuat low voltage
Lmepaat high voltage
Imputl leakage curceal

0LEY
SRV

50 A

-3y
20

Crutput low voltage (1= B35 mA)
Dt put bigh voltaze
Axtive-drive; ] =—8.5 mA
Open collector, | =—0.6 mA, nominal

Open collector, | =—8.5 mA, with external pull-up resistor

LEv

20
20
20V

35V
jov

External Voltage
+5 WV output (200 mA maximem)

THPCAL e

+2.5W owtput 1 moA maEimum e

Reference temperature drifi ... ...

A4ESY
+5W

+13Y

A025%: maximuom

50 ppm/™C maximom

! This document ns=s NI-DAQmy neming conventions. Open-drain is called apen collecior end push-pull is called sctive drive
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Event Counter

Number of counters

Resolution

-l

12 bets

Cosnter measupements.

Edze counting (falling-adpe)

Counter direction

Puall-up resistor

. Ciount up

ATkQwsV

Maximuam input frequency

5 MHz

Minimum high pulse width..

Minimum low palse width

100 ns

100 ns

Imput high voltage ...

pRY

Imput low voltage

0DEY

Bus Interface

USE 2.0 full-spead
12 Mbis

USE bus spead ... ...

Power Requirements
USB
41010525 VDT

Physical Characteristics

Dimensions ...............

Without commectors . Lo L LLLL.

With connectors

& Ne (Ona | MElT UME NS CorpoE ion

S0 p

—...Refer to Figure 14,

3 w850 mmes 232 mm
(25000 = 335 in. = 097 in)
JE1LE mm = 85.1 mm = 232 mm
(3.22in = 3350 = 001 in)

NI LSE-60055008 LEar G and Specdiicaims
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. | 23. 18 mm
[ E1.81 mm _— (0.813n.)
!
_____ X
85.08 mm
(3.350in.)
T6.08 mm
(2,886 in.)
| L

Figure 16. NI L58-6008/6009 DImanskans

Wight
Without comnectors 54 2 (1.9 0z
With commectors ... B4 23 0zh
WO conpectors. L Ll LS senies B receptacle,

{2} 14 position screw lerminal plugs
Screw-berminal wiring .16 o 28 AWG
Torgue for screw terminals ... D22-025N - m{20-22 |b- in.}

If you nead to clean the module, wipe it with a dry towel.
Safety Voltages
Connect only voltazes that are within these limils.
Channel-bo-GND e 230 Y max, Measorement Category |

Measurement Category [ is for measwrements performed on circuits not directly comnected 1o the
electrical distribution system referred to as MAINS voltage. MAINS is 3 hazardous live elecirical supply
sysiem that powers eguipment. This categony is for measerements of voliages from specially protectad
sgoondary circuits. Such voltage measurements include signal levels. special equipment. limiled-energy
parts of equipment, circwits powered by repulated low-vodtape sources, and electronics.

& Camtion Do sof wse this module for connection o siznals of for measwrements within Measwrement
Categories [1, I, or IV

W [ISE-5008- 5009 Lsar G 200 Spacicanns 2 nicam
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Environmental
Temperature (IEC §0068-2-1 and IEC &#0068-2-2)
iperating 0 b 55 5C
Storage — 400 i B5 *C
Humidity (TEC 600638-2-56)
Oiperating 5 1o 5% RH. noncondensing
Stodage 5 b 90% RH. noncondensing
Pollotion Diegres (TEC 606640 ... 2
Maximum altiode -2 000 m
Indoar use oaly.
Safety

This product meets the reguiremenits of the following standards of safety for elecirical equipment for
measurement. control, and laboratory use:
«  IEC&I010-1, EN &1010-1
UL 620N 1, C5A 610101
@ Hole For UL and other safety centifications, refer to the product label or the Oaline Product
Certification saction.
Eleciromagnetic Compatibility

This product meets the requiremsants of the fodlowing EMC standards for electrical equipment for
measuredment. control, and laboratory use:

= EN 61321 {IBC 61 5326- 1 Class A emissions; Basic immunity
«  EN 55001 0CI5PR 110 Group 1, Class A emissions
ASMNZSCISPR Vo Group |, Class A emissions
FOC 47 CFR Part 158: Class A emissions
+ | ACES-001: Class A emissions

E Hoie dn the United States (per FCC 47 CFR), Class A equigsment is intended foruse in commercial,
light-industrial, and heavy-indostrial Incations. In Evrope, Canads Australin and New Fealand (per
CISFR HClass &-egquipmentis intended for use only in heavy-industrial bocations.

5. Mole Growp | eguipment (per CISPR 1) is any industrial, scientific, of medical equipment that
does not intentionally penerates radio frequency energy for the treatment of material or
inspection/analysis purposes.

@ Moie For EMC declamiions and cenifications. and additional information, refer to the
Envirormental Manggement section.

¢ compliance C €
This product meets the essential requiremeants of applicable Eoropean Directives as follows:
¢ HOGOSEC; Low-Voliape Directive (zafety)
«  MOI0EEC; Electromagnetic Compatibility Directive (EMC)

D e I [ Efrume s CorpaEinn = Ni [GE-E008R000 e FUie a0 Speciicaims

88



Online Product Certification
T obtain product cerifications and the Declaration of Conformity (Do) for this product, visit
ni.com/cartification, search by model mmber or prodwct line, and click the appropriate link in
the Certification codumn.

Environmental Management
NI is committed to designing and manufacturing products in an environmentally responsible manner. M1
recognizes that eliminating cenain hazardows substances from owr products is beneficial o the
environment and to NI cusiomers.

For additional eovironmendal information, refer to the N and the Eaviroameal Web page at
ni.com/ anvironmant. This page contains the environmental regulations and directives with which
NI complies, as well a5 other enviroomental information not incloded in this document.

Waste Electrical and Electronic Equipment {(WEEE)
EU Customers The symbol indicates that the waste products should be disposad of separately from
mumnicipal household waste according to Directive 200206/EC of the Eeropean Parliament and the
Council on waste electrical and elecironic equipment (WEEE). At the end of the product life cycle,
afl products muest be sent to a WEEE collection and recycling center. Proper dispozal of WEEE
reduces the eoveronmenial impact and risk 1o heman bealth duee to potentially hazardous substances
that are generally used in such eguipment. Your cooperation in the correct disposal of the producis
will contribute to the effective usage of natural resowrces. For information about the available
collectson and recycling scheme in a particular coondry, referioni . comfoicizanship/waaa.

AT RATRSREREEENE (hE RoHS)

@@ AR, Noionolnuments 5 ST R LG R SR BT TR RS RoHS)-
FT Notionol irstrurment 5 @ RoHS TIREER, #H8 = 01 cond e roomentfirohs_china.
{For Iinfonmotion oboat Ching BoHS complionce, 90 tond .con eowd ronmant frohs_chinal

It
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Where to Go from Here

This section lists wherz you can find example programs for the N1 USB-5008/6009 and relevant
documeniation.

Example Programs
NI-DAQDmzx and NI-DAQmx software include example programs to help you get stared programming
with the NI USB-6008009. Modify example code and save it in an application, or use examples to
develop a new application, or add example code to an existing application.
NI-DAQmx

To kncate N1 software examples, 20 60 ni . com/ info and enter the Info Code dagmoceccp.
For additional examples, refer 1o zone ni _com

To man examples without the device installed, use an NI-DAQmx simalated device. For more
information, in Measurement & Automation Explorer (MAX), select Helpe- Help Topics=N1-DAjmx-
MAX Help lfor NI-DACmx and search for simulated devices.

NI-DAOmx Base

NI-DAQm: Base examples are accessible from Start=All Programs=National Instrumenis=
MNI-DA iy Bases Examples

Related Documentation
Each application software pac kapge and driver includes information about writing applications. for taking
mezsurements and coatrolling measurement devices. The fedlowing refercences o documends assume
you have MI-DAQmx 9.3 or Later. and where applicable. version 8.5 or bater of the ™1 application
software.

HI-DAQmx
The NI LSE-c008 N aick Sart packaged with the N1 USBE-6008/6000 describes how to install
NI-DAQmx software, install ihe device, and confirm that your device is operating properdy.

The NI-DALY Readme lists which devices. ADEs, and NI application software are suppoted by this

varsion of MI-DAC. Select Start=All Programs-"ational Instramentss NI-DACN1-D0A () Resdme.

The NI-DAJmx Help comains APl overviews, general information about measurement concepts. key
NI-DAQDmE concepis, and common applications that are applicable to all programming environments.
Select Start=All Programs=Naiional Insirumentss NI-DRAC=NI-IVADmx Help.

NI-DADmx Base (LinugMac 05 X/LabVIEW PDA 8.x)

The NI-DAQwr Base Cetfing Started Guide describes how to install your N1-DAQmx Base software,
your MI-DAC s Base-supported D) device, and how to confirm that your device is operating
properly. In Windows, select Start=All Programs=Mational Instruments-X1-DACQmx Bases
Documeniztion=MNI-DA Jmx Base Getting Staried Guide.

The Cretting Started with MDA Qmx Base for Linuy and Mac 085 X Users document describes how o

install youwr NI-DAQmx Base software. your MI-DAQmx Base-supponied DA device, and how to
confinm that your device is operating properly on your Linux or Mac machine.

The NI-DA Qwar Base Rendme lists which devices are supponted by a version of NI-DAQmx Base. In
Windows, select Start=A»N0 Programs-MNational Instroments="1-DAQmy Bases DA Qmx Base
Remdme.
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The NI-DAQmx Base VI Reference Help contains V1 reference and general information about
measurement concepts. In LabVIEW, select Help»NI-DAQmx Base VI Reference Help.

The NI-DAQmx Base C Funaction Reference Help contains C reference and general information about
measurement concepts. In Windows. select Start»All Programs«National Instruments»NI-DA Qmx
Base»Documentation»C Function Reference Help.

Nete All NI-DAQmx Base documentation for Linux is mstalled at /usr/local/natinst/
nidagmxbasa/documentation.

Note All NI-DAQmx Base documentation for Mac OS X is installed at /applications/
Kational Instrumants/NI-DAQmx Basza/documaentation.

LabVIEW

If you are a new user. use the Getting Started with LabVIEW manual to familianize yourself with the
LabVIEW graphical programming eavironment and the basic LabVIEW features you use to build data
acquisition and instrument controd applications. Open the Getting Started with LabVIEW manual by
selecting Start=All Programs»National Instruments» LabVIEW=LabVIEW Manuals or by
navigating to the 1abview\manuals directory and opening LV_Cetting _Startaed.pdf.

Use the LabVIEW Help. available by selecting Help»LabVIEW Help in LabVIEW, to access

information about LabVIEW programming conoepts, step-by-step instructions for using LabVIEW. and

reference information about LabVIEW Vs, functioas, paleties, menus. and Lools. Refer w the following
locations on the Contents tab of the LubVIEW Felp for information aboat NI-DAQmix:

+  Getting Started with LabVIEW.Getting Started with DAQ—Includes overview information
and a tutorial to fearn how to take an NI-DAQmx measuement in LabVIEW using the DAQ
Assistant.

*  ¥land Function References Measurement VO Vis and Fanctions. DAQmx - Data
Acquisition V1s and Functions—Describes the LabVIEW NI-DAQmx Vis and functions.

«  Property and Method ReferencesNI-DAQmx Properties contains the property reference.

+  Taking Measurements—Contains the conceptual and how-to information you need to acquire and
analyze measurement data i LabVIEW. incltding common measurements, measurement
fundameatals. NFF-DAQmix key concepts, and devior coasiderations.

LabWindows/CVI

The Data Acquisition hook of the LabWindows/CVi Help contains Taking an NI-DAQmx Measurement
in LabWindows/C VI, whichincludes stap-by-step instructions about creating a measurment task using
the DAQ Assistant. In LabWindows™/CVI™, sefect Help»Contents, then select Using
LabWindows/CVI»Data Acquisition. This book also contains information about accessing detailed
information through the NI-DAQmx Help.

The NI-DAQmx Library book of the LabWindows/CVI Help contains API overviews and function
reference for NI-DAQmx. Select Library Reference»NI-DAQmx Library in the LabWindows/CVI
Help.

@@
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Measurement Studio

If you program your MNI-DAQmz-supporied device in Measorement Studio using Viswal C# or Viseal
Basic NET, you can interactively create channels and tasks by laenching the TAQ) Assistant from MAX
o from within Visoal Stodio. You can wse Measurement Shadio to generate the configeration code based
on your task or channel. Refer to the DA Assistant Help for additional information about generating
coiie,

Thee M M eqsurement Studio Help is fully integrated with the Microsoft Visual Studio belp. To view this

help file in Visual Smdio, select Messurement Studio=N1 Measorement Studic Help. For

information related to deveboping with NI-DAQmx, refer to the following topics within the

NI Measuremen! Studio Help:

= For step-by-siep instructions on how to create an MI-DAQmzx application using the Measurement
Studio Application Wizard and the DAC) Assistant. refer to Walkthrough- Creating a Measurement
Hruaio NI-DAQmx Application.

= For help with NI-DACkmzx methods and properties, refer to Maficaallastrameats. DA Qo
Namespace and Matioaallnstrumenis. DA Qmr ComponentMadel Namespace.

= For concepiual help with NI-DAQmx, refer to Using the Measurement Sadio NI-DAOmx NET
Library and Developing with Measwrement Studio NI-DA Qo

«  For gemeral belp with programming in Measwrement Studio, refer o Gelting Siaried with the
Measurement Studic Class Libranies.

To create an application in Viswal Basic NET or Visweal C#, follow these seaneral steps:

I. InVisual Smdio, szlect FilesMewsProject to laonch the Mew Project dialog box

2. In the Progect bypes pane. cxpand the Visual Basic or Visual C# node, depending on which
languaze you want to creale the project in, and select Measarement Stodio.

3. Choose a project type. You add DAL tasks as a part of this step.

ANSI € without NI Application Software
The Ni-A G Help comains APL overviews and general information about measurement concepls.
Select Start=All Programs=MNational Instrumenise S1-DA Q=N 1-DA0mx Help.

Thee MI-Id Omx C Referemce Help describes the NI-DAQmx Library funstions, which you can use with
Mational Instroments data acquisition devices to develop instmmentation, acguisition, and control
applications. Salect Start=ANl Programs=Mational InstrumentssNE-DAQ- Texl-Based Code
Support=NI-DAQmx C Reference Help.

.HET Languages without NI Application Sofiware

With the Microsoft NET Framework version 2.0 or later, you can usz NI-DACHmx to create applications

wsing Visual C# and Visual Basic NET without Measorement Studio. You need Microsofit Visual Smdio
MNET 2005 or later for the APl docementation to be installed.

The installed documentation contains the NI-DACGmz AM overview, measurement tasks and concepis,
and function reference. This help is fully integrated into the Yiswoal Studio documentation. To view the
NI-DAQmx NET documentation, go to Start=All Programs=MNational Instromeniss S1-DA -
Texi-Based Code Suppori. For function reference. refer to the Naioaallrstrumeats. DA Jmx
Namexpace and Matiorallnstruments. DA Qo ComponentModel Namespace topics. For concepioal
hzlp. refer to the Using the Measurement Studio NI-DA Qo NET Library and Developing with
Measuremeni Sadio N-DACmr sections.

T get to the same help topics from within Visoal Studio 2005 or 2008, 2o to Help=Contenis and s=lect
Measurement Studio from the Fillered By drop-down list. To get to the same help opics from within
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Visual Studio 2010, zo to Help=Yiew Help and select N1 Measurement Studio Help from the Related
Links section.

Training Courses
If you meed more help geting staried developing an application with NI products, NI offers training
courses. To enroll in a coarse or obtain a detailed cowrse owtline, refer toni . com/training.

Technical Support on the Web
For additional support, refer o ni . com/ support Of zone . ni - com.

E Note Yoo can download these documents af ni . con/manuals.

D) specifications and some DAL manweals are available as PDFs. You must have Adobe Acrobat
Reader with Search and Accessibility 5.0.5 or later installed to view the PDFs. Refer to the Adobe
Systems Incorporated Web site at wen . adoba . com o download Acrobat Beader. Refer to the Naticnal
[nstruments Produoct Manuals Library at ni . com/manuwals for updsted docomentation resowrces.

Where to Go for Support

The MNaticnal Instruments Web site is your complete respurce for technical support. At
ni.comfsupport yon have access i everything from roubleshooting and application development
self-halp Pesolrces toemail and phone assistance from NI Application Engineers.

A Daclaration of Conformsty {3007 is our claim of compliance with the Council of the Europsan
C ommunities wsing the manufacturer’s declaratson of conformity. This system affonds the usar
protection for electromagnetic compatibalicy (EMC) and prodoct safety. Yoo can obtain the DoC for
your product by visiing ni . com/certification. If your product seppons calibrabion, you can
obtain the calibration certificate for vowr prodoct at ni . com/calibration.

Mational Instniments corporate beadguarters is located at 11500 North Mopac Expressway, Austin,
Texas, TETS9-3504. Mational Instrumenis also has offices located around the world ko help address yoar
support needs. For elephone support in the Uinited States, create your service requesi at

ni . com/sapport Bnd folloe the calling instroctions or dial 512 705 8248, For telephone support
oubside the United States, visit the Worldwide Offices section of ni . com/niglobal to access the
wanch office Web sites, which prowvide wp-fo-date contact informatioa, support phone numbers, emeail
atidresses, and curent evenls.

CW1, Laz¥1EW, Kedonal Instruments, KL nlcom, e Mationa Instruments corpomie ogo, and the
Eagie logo &2 tredemeric of National instruments Corporedon. Referio the TTadaman infomafionat
ni . comt radenarks for other Natkenal Instruments trademarks. The mark LabMindows 15 usad
undr 3 license rom Micioso® Corparation. Windows 1= 2 reqistesed trademark of Microsolt
Corpoaztion in the Uned E5aizs and ather couminies. Dher produd and company mames mantioned
heredn are bademans of trade namas of thar sspecive companies. For palznts

Kadoral Instruments prodecsAzchnology, reler to the 2pproprizte locadon: Help In yous
softezm, he patents . txt M@ onyour meds, or the Ae DN instromants Pz far Nofe

gtnt. condpatent s RElEr o the Exporf Compiance informafio & nt .conf legal s
export-compl 1anee far fe Katienzl instruments glogal trade compliance pollcy and how i
Ditzin szievent HTS cadas, ECCNS, end e Importisqort data.

2 004-2017 Mational Instraments Corporation. Al fighis reenved. Ari 3036 Fabi2

93



Appendix C: SCT-013-000A , 100A:50mA Split Core current sensor Datasheet
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SPECIFICATION

Customer Title

Mamufacturs Model @

: ¥iDi Technology

SCT-013-000

Charateristics: open size:13mmX 153zm

ln leading wire

Core material:Ferrite

Fire resistance property:in accordance with

UL 94-¥D

Dielectric stremgth: 1000V AC lmim Smd

[betwean chall and owtput)
Outline sire diagram: (in oo}

prare

13
a
g
W
-
&

1. SEan

Front View

Frodoct Mame:

Ihiue

2ian

Side View

Typical table of technical parapsfers:

Ip
3

TWE: Tromsdent—voltage Supuressor

Current output type

Echematic Diagram

inpat carrest

cwtput voltage

non—linearity

Bulld—in sasplior resistasce (F)

L =017 ) 0—50m¥ +as a
turn ratic | resistance grade | ¥ork tEEperature |dielsctric strength(betesen shell and outpet)
100K 0. DBA crads B -25'C~+70°C 1000V AC/imin Gmd

Customsr 5ign:

Fhone: osss-7azsdsa-gos
cell: 13535334514

Contact Hame

: Engimeer Chen
10i1-7-26






