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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 Voltage 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 VSI. Suis-suis yang terdedah 

kepada gangguan kecil elektrik boleh 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 

iaitu 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. 
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Figure 1.1: Illustration 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 

shown in Figure 1.3. 

 

 

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. 

| Inverter |

II fV®

0 0lillcnng andfillermg and

NV- AYSu

&

/Vn

ir±== f iST iy' J
UNIVERSITI TEKNIKAL MALAYSIA MELAKA



4 
 

 
 

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 VSI 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. 
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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. 

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

faults. 

 

 

1.4  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. 

2. 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. 

3. This project detects the occurrence of fault by the average and RMS current value. 

4. The system designed display the RMS and average value of current. 

5. The current signal used is not more than 50Ampere. 
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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]. 

 

 

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 
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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. 

 

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 VT1-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 

VT1 VT2 VT3 VL1 VL2 VL3 

0 0 0 0 0 0 

0 0 1 0 -Vdc +Vdc 

0 1 0 -Vdc +Vdc 0 

0 1 1 -Vdc 0 -Vdc 

1 0 0 +Vdc 0 -Vdc 

1 0 1 +Vdc -Vdc 0 

1 1 0 0 +Vdc -Vdc 

1 1 1 0 0 0 

o

VT1 VD1 VT2 VD2 VT3 VD3

JT '

L1

C

c IL Z\ _C ZZ _i[ ZZ

VT4 VD4

12

VT5 VD5

0 ZZJ ZZ 0 ZZ
L3

VT6 VD6
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  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 GUI. “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. 

 

2.1.5 NI USB- 6009 DAQ Card. 

 

Figure 2.5: NI 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 LABVIEW7.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     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     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     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 

eigenvectors 3D 

current reference 

D. Faito, J.F. 

Martins, V.Fernao 

Pires and J.Maia 

 Eigenvalues analysis able to obtain 

the main directions of the inverter 

output currents in a 3D current state 

space. 

 Represent in a geometrical 

interpretation of the principal 

component space. 

 Current trajectory method causes time 

delay for the fault detection. 

2 Simple switch open 

fault 

S.M Jung, J.S Park, 

H.S Kim, H.W Kim 

and M.J Youn 

 Fault is determined by comparing the 

reference voltage with the terminal 

voltage. 

 Obtained by sum of neutral to center 

voltage and phase voltage. 

 Use Kirchhoff’s voltage law. 

3 3D representation of 

three phase current 

inverter with a 

pattern recognition 

algorithm 

V. Fernao Pires, 

Tito G. Amaral, 

Duarte Sousa and 

G.D. Marques 

 Obtaining specific pattern using 3D 

representation method. 

 Pattern recognition used to identify 

the faulty switch. 

 Current trajectory method causes time 

delay for the fault detection. 

4 Information of 

inverter currents 

output distribution in 

    frame. 

M.Trabelsi, 

M.Boussak, and 

A.Chaari 

 Fault detection concerning on the 

direct evaluation of the slope value of 

the output inverter currents’ trajectory 

in     frame. 

 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 

M.R Mamat-

Ibrahim 

 This method allows the components 

of a non-stationary signal to be 

analyzed. 
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 Can be constructed for stationary as 

well as non-stationary signals. 

 Localized in both time and frequency 

domain. 

6 Spectrogram 

technique on open 

circuit fault 

A.R Abdullah, N.S 

Ahmad, E.F Shair 

and A.Jidin 

 Suitable for non-stationary signal 

depending on the cause of fault. 

 Used simpler formula. 

 Presents a 3D plot of signal in 

magnitude, time and frequency. 

7 Spectrogram 

technique on short 

circuit fault 

A.R Abdullah, N.S 

Ahmad, A.Jidin, 

N.Bahari, 

M.Manap, and M.H 

Jopri 

 Suitable for non-stationary signal 

depending on the cause of fault. 

 Used simpler formula. 

 Presents a 3D plot of signal in 

magnitude, time and frequency. 

8 Fault detection 

algorithm based on 

simple geometrical 

approach 

A.O Di Tommaso, 

F.Genduso, and 

R.Micceli 

 Presented algorithm is a valid and 

suitable alternative to the actual state 

of the art in the field of inverter fault 

detection. 

 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 is 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 

fflUTeM
'Vo

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



18 
 

 
 

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]. 

 

 

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, c} 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 (           . 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 (          

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. 

 

 

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    . 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. 

 

 

Figure 2.8: Open circuit fault [9] 
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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) 

                            

  
   

 
    (2.1) 

    = input signal 

    =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 

                   
    

 
       (2.2) 

       = TFR of signal 

     = maximum frequency of interest 
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3) Instantaneous Average Current 

                           
 

 
             

 

 
             (2.3)
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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 
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Figure 3.2: Block diagram of the project 

 

 

3.2  Flowchart of Research Methodology 

 

 

 

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,      represent the input 
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signals while      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     

and    ,     and    , and      and     . In the operation, only one switch will open for each 

pair. The voltage at the output will be +Vdc, -Vdc or zero depending on the switching scheme 

as shown in Table 2.1 in previous chapter.  

 

 

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. 
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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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Figure 3.6: Visual Basic 2010 logo [27] 

 

 

 

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] 

Signal 

Name 

Reference Direction Description 

GND - - The reference point for : 

- single-ended analog input measurements 

- analog output voltages 

-digital signals 

- +5VDC supply 

- +2.5 VDC at the I/O connector 

- Bias current return point for differential 

mode measurements. 

AI <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;  AI<0,4>, AI<1,5>, 

AI<2,6>, AI<3,7> 

 

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

PO<0…7> GND Input or 

Output 

Port 0 Digital I/O channels 0 to 7 

P1<0…3> GND Input or 

Output 

Port 1 Digital I/O channels 0 to 3 

PFI 0 GND Input Configurable as either a digital trigger or 

an event counter input. 

+2.5 V GND Output +2.5 V external reference 

+5 V GND Output +5 V Power supply 

  

 

 The current transducer will be used in accomplishing this project is SCT013, 

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: 

 Non-linearity = ±3% 

 Turn Ratio = 100A:50mA 

 Resistance Grade= Grade B 

 Work Temperature= -25º C to + 70º C 

 Dielectric Strength (between shell and output) = 1000 V AC/1min 5mA 

 Leading wire in Length = 1m 

 Open size = 13mm X 13mm 

 Input Current (100A AC Version) = 0 to 100AC / Output Mode = 0 to 5mA 

 Input Current (30 AC Version) = 0 to 30A AC / Output Mode = 0 to 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. 

 

 

 

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 

 

 

4.1  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 50µs 

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.  

 

 

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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Figure 4.3: Upper and Lower Switch Short Circuit Fault Signal Phase A 

 

 

 

Figure 4.4: Waveform Pattern when short circuits at lower switch Phase A. 
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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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Figure 4.6: Upper and Lower Switch Open Circuit Fault Signal Phase A 

 

 

 

Figure 4.7: Waveform Pattern when open circuits at upper switch Phase A 
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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. 

I

Waveformpatternof three phaseswhenPhase A (

experience Opencircuit faultat its lower switch i
1 I

J-;
' f - VA -AU

.g.y-Y.v..U- .y.v.y

J F

> o
1

1 o
1

J i

«4ie (s)

/vn

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



40 
 

 
 

 

Figure 4.9: Average Current when short circuit occurred at upper switch of Phase A 

 

 

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 

1 

0.5 

-0.5 

0 

0 0.1 0.2 0.3 0.4 0.5 0.6 

0.2 

1.4 

1.2 

1.0 

0.8 

0 0.1 0.3 

1.6 

0.4 0.5 0.6 

C
u

rr
en

ts
 (

A
) 

C
u

rr
en

ts
 (

P
U

) 

Time (s) 

Time (s) 

Phase A f
;

j

Phase 1C < Phase B

! !

Phase A r

Phase; B Phas4 C



41 
 

 
 

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. 

 

 

Figure 4.11: Average Current when short circuit occurred at lower switch of Phase A 

 

 

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. 

 

 

Figure 4.13: Average Current when open circuit occurred at upper switch of Phase A 

 

Figure 4.14: RMS Current when open circuit occurred at upper switch of Phase A 
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Figure 4.15: Average Current when open circuit occurred at lower switch of Phase A 

 

 

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. 
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Table 4.1: Analysis of Fault Occurs at Phase A 

Fault Switch 

Position 

Average Current RMS Current 

Open 

Circuit 

Upper IAavg < 0 

(IBavg = ICavg) > 0 

IArms < 0 , IArms < IBrms 

ICrms > 0 

Lower IAavg > 0 

(IBavg = ICavg) < 0 

IArms > 0 , ICrms< IArms 

IBrms < 0 

Short 

Circuit 

Upper IAavg > 0 

(IBavg = ICavg) < 0 

IArms > IBrms > ICrms > 0 

Lower IAavg < 0 

(IBavg = ICavg) >0 

IArms > ICrms > IBrms > 0 

IAavg= Average current Phase A                                    IArms = RMS current Phase A 

IBavg = Average current Phase B                                    IBrms =  RMS current Phase B 

ICavg = Average current Phase C                                    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. 
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Figure 4.19: The system when simulation runs 

 

Figure 4.20: The file locations of data recorded. 
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Figure 4.21: Data recorded in .txt format. 

 

 

Figure 4.22: Status Box 

 

 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. 
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Figure 4.23: Parameters Value 

 

4.1.4 Hardware Design 

 

 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 AI 0+ and AI 0-, AI 1+ and AI 1- and AI 2+ and AI 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. 

 

 

 

Figure 4.24: Hardware Connection Diagram  
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Figure 4.25: System Hardware  

 

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. 
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Figure 4.27: Current waveform during no fault conditions. 

 

 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.  

 

 

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. 
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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 

upper switch Phase A 
Open circuit fault S11 

Open circuit connection at 

upper switch Phase B 
Open circuit fault S21 

Open circuit connection at 

upper switch Phase C 
Open circuit fault S31 

Open circuit connection at 

lower switch Phase A 
Open circuit fault S12 

Open circuit connection at 

lower switch Phase B 
Open circuit fault S22 

Open circuit connection at 

lower switch Phase C 
Open circuit fault S32 

Short circuit connection at 

upper switch Phase A 
Short circuit fault S11 

Short circuit connection at 

upper switch Phase B 
Short circuit fault S21 

Short circuit connection at 

upper switch Phase C 
Short circuit fault S31 

Short circuit connection at 

lower switch Phase A 
Short circuit fault S12 

Short circuit connection at 

lower switch Phase B 
Short circuit fault S22 

Short circuit connection at 

lower switch Phase C 
Short circuit fault S32 
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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
th

 of April 

2014 to 13
th

 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
th

, 

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. 

 

 

Figure 4.31: The certificate of Silver Prize. 
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Figure 4.32: The Siver Medal received during i-ENVEX 2014 

 

 

Figure 4.33: The Outstanding Achievement Award during INNOFEST 2014. 
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Figure 4.34: The certificate of participations 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 A1 - Gantt chart 

 

 
FYP 1 

W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 

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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Appendix B:  NI USB 6009 DAQ Card Datasheet 
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Caulion Done;substitute pans or rectify the device ereept is described in tit is document. Use 1be
device only with the chassis, nvodules. accessories. and cables specified in the msfHlIafni
tr.suuctiors. You must have ail covers aid tiller pnrels installedduring operation of the device.

l\ Caulion Do iwi operate the device in anexplosive aLmotpbcre or where there may be riammablc
gases or fumes. Lf you must operate the device in such an cnvironmcnL. it muse be ina suitably rated
enclosure.

A
A

A
Electromagnetic Compatibilily Guidelines

This product was tested and complies with Lhc regulatory requirements and limits foe electromagnetic
compatibility (EMO isscaled in the product spec ifirations.These requirements and limits aredesigned
Lo pre-viJe reasonable protection agaiusL harmful interference when the prottud is opented in Its
intended operational c lecLromagnclic environment.

This product is intended foe use in industrial locations. There isno guarantee thaL harmful interference
wiIInot occur ina particular installation, when thepufuct is connected lo a LesL object,or if theproduct
is used in residential areas. To minimire Lhc pvxcnlial for the product to cause interference to radio and

£I'ftJtVSI'lEhutiUtfr CiJtjBtjftjn 3 H.1.' itSf-SCiitJSS ucsfGitx aw
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1ctevision reception crkxnpefiem unacceptable peffunnHitce de radaliiai. inM3.lL andLie Ihi - product
in slrid accordance with the ir.=Im-.'l ior.= in the produd documentation.

A
A.

A
A

runh.CT.-ixc. any changes or modiricaliuns ru Lhe pr. -duct r.o| esprcssly approv ed by Nflrksial
Instrumentsctsuld void y: -IJR authority to >pera1e it under your local repulJury rules.

CaLl ur To ensure 1be specified E1MC perivnaic operate Lhis pr-. -du.l only with, shielded cables
andKcassHis.

CSLI or This prcduct may become mure sensitive to electromagnetic dislurhancos in1he tjperalinnal
envimnmcM ishen tesL leads arc attached or when connected to a Lest cbjecL.

Cac t ur Eimissions that eiceed 1he repulaltars rei|uircincn.1s may occur when ihis product is
Loraicclcd 1o a test object.

CaU Dr Changes or mcditicaLions not expressly approval by National Instruments could vc»d Ilie
user 's iuth-. -n.lv 1o operate the hardware under 1he local regithtory rules.

Unpacking
The N1 L'5li-600K.'ffl09device ships in an antistaLic package bo prevent electrostatic discharge IESDI.
EiSDcan damape several components esn the device.

Cuutkn Nncr 1DIK1I die exposed pins oF connectors.

To avoid EiSE) damage in handling Ibe device, (aie (tie following precautions:
• Ground yourself with a greiundirtg strap nr by touching a grounded objed.
- 'Pouch the antistatic pac tape 1o a melal par. of your computer chassis before removing tbe- device

From the package.

Remove Lhe device from tbe package end inspccl il for loose components or any other signs -ofdamage.
NotifyNl ifIha <IBOCE appears damaged in any w ay. ]Jo nor installidamaged devise your completer
or chassis.

Store Lhe device in the antistatic package ' he:i itw device is not in use.

Setting Up the MUSB-60P3;60P9
( empiric 1hc fallowing steps fa get started w:th 1hc NILFSft=tifl08ffiaO&.

UIV/COQITI TCk J| I MAI AVQ IflCI /
Note Per iflfonrBban about non-Windows operating system support.rckr to lhe CfJlwg Started
with .WI-DAQmx Rasefor UMMI LUTIH' .MacOS X fjer.v document available fromni. ccm.-=jj-_u,a.l.= .

1. InslalI lhe applicalion sofhv arc ( if appli cableI. as deseribod inlhc installation inslruditsis that
accompany yoursoFlware.

2. Install NI-DAQmji3.

Note The NE-DAQmk software is included on 1hc disk shipped with your ki1 and is available for
download a1ni . Ecm.-' s apForz.Thedoainenlali-isn Toe NI -IJM ms. is available after instal laliim
from Start-All PropramH Nationul Instnimc-nL NI-DAQ. Other N] diKumcntari-en is available
fromni.mafsHnnBlik

1 11] USEt SaWS®*) devices ari.vuppariKl hy Nl-lliMOmi T.5uid bier.

tl L'Jf-SSfiB -SfiCS L&?rfl|i!Efn[> 5h Jltrft>ns nlrom
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1 Install Lhc IS-posiLion screw rcnminaJ connector plugs b>' Hiscrtin g them ini-::- Ibi: cocredrejictj
JS shown in Figure 2.

O
-

&

1 Crrtjfky Label with Fn Onnlaliai Gunks
2 &:r a» TarrrinaJ Cirr*:trt ti_n 3 SignalLaDol

4 USB Cj±ib

Figure 2. Serial Lat =I Application Diagram

4. Affix Lhc provided signal labe 1 L-nlhc scum Lcrminil COKK EWPLUMS. You can choose labels wiLh
pin oumbers. st&ui muses. or blank I NIs. as dim in Figure 3. Cknss one of the latvls. align
Lhc correct label with the tenninik pr.r.1od on [lie top panel of you des ice and app ly Hie label, as
shown in Figure 2.

<
®-C
&

3C JT - vr - ,ui - rr ru: a« - AC at '£ if i a:

CM: ft* die AH rj*: fti? ftt CM: ACS ftf d*MX «1CM:
1 2 3 4 5 6 T 3 9 10 11 12 13 14 15 16

KAjoat 4. D1PI
32 31 30 29 28 27 26 $ :» 23 22 21 Zi 19 18 17
JJ: rv iivniii" _ i'" ri: v ITMITIV 10 >r 1 r.

1 1 1 1 1 1 1 1 1 1 rr

HS
**<£>

- or

<1)

1 Unar-Dsfinad CLST-itn2 Tofmi-ul Mumoor _i.nl
3 DighaJ IDI alwl

- Analog Inad Dfforuntu Cigna
6 Analog Inaet Single-Endec clig

I NameLfbei
ignal Narrc I ±0

Figure. 3. Ml Ilffl-HHWBKIB5 gnal LaMS

Hale After you label 1be scoe 1cnnirial connector plugs, you must only insert 1bem into Lhc
maldiing connector jack, as indicated by 1bc overlay label on the device.

5. Plus -:YIC end «J lhc USB cable inlolbe N] L"-SI5-60GK.'££W and Lhc olftec end inlo an available
L'Sli port on Lhc computer.

££ teron* I'rEltunsn? PSOHUIEn V iElff-SGisSCS CtSfCiliP 3D 5t>K OTiJiS
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1.

OoUWc-cliek Ilk Measurement & Automation icon, shown at Left. : n 1be desklnp ro open
MeasurementiAutomation FjeplorcrfMAX).
Eotpard My Systein>l)evices ami Interfaces arm eerily Lhai the- NI U,SE1-600&,

'S009 i - lisled. If
your device 4ksesnoL appear, press. <F5> Lo refresh the view in MAX. If your device isstill not
recognized. refer1o ni. =cm.-'support /daenso for troubleshooting information.

8. Self-test your devicein MAX by righl-clicking NI LSB-6Mlr and selecting Self-TesL SiHf- tesI
pcrfttfms a brief lest lie? determine successful dev ice insLalLaLion. When the sel f- tes1 finishes, a
message indicates successful vcrificatksn or if anetraoccurred. If an cner corurs. refer to
ni. ccm/ suppori /da rje.

Cau Dr To e nsure ihe specified ELSfC perfttcmance. epcralc Liiis product only with shielded cables
ami accessories.

9. Omned the wires (16 lo 2S AWG) of a shiekJcd.mufticonductor cable toIhe screw 1eren.irals by
stripping 6.35 mm tQ25 in.)of in ul ji.-. -n. inserting Ihe wires inlo die screw terminals, and securely
tiehlcning the screws with the flaLheii screwdriver to a hrique ofG.2I-0.25 N m{ZJO-2.2 11? in.I.
Refer to Figure 6 for ihe NIU5D-600&160M pinour
Ef using a shielded cable,conned 1hc cable shield 1u a rcarby (INI) terminal.

Note For informaci iYi about sensors, go toni.c cm.' =ar.=or=. Foeir.formatkin about IliELH L45 ].4
TEDS smart sensors. go1a ni.cDn/ tad:;.

10. Ron a TesL Panel in MAX by rLehl-clidccig NI L'fiB-iilftv and selecting Test Pani- ts.
Clicl Star LotesL the device fureLions. or Help ft*openalEra. ioslcuctions. Click Close CD ezx.it the
lest pare].

Using the HI USB-6003,fi&oq in an Application
You canuse IheTlAQ Assistsr.l llirough irony NE application uL)ware progmreste cor.figure victual ind
measurement ehaoneLs.Table 1 lists [>AQ Assistant tutorial locations for NT applications.

fable 2. DAG AEfiEtani Tutorial LDcaUons

NI AppUcatuvn Iirtnrisd LocatEim

1 bV]EW Go lu 1EW Help NeikL go m tieUini; SLurfe-d with ] ahME VV»

tpdLi:i.u Slancd withl)AQ» fi- kine an N]-DA(£nra Measurement in
l.abVlKVl

L*bWinekjws YCVl G<? tc- HeIp*ContenIs.Next, goto Esine l.ahM indowHi'CJ Vl lkata Acquisition*
Takinp an NI-DAQma Mcasuretncnl L»hWindowifCVI.

Measurement Hindi-. Co10 NIMeasurement StudiuHelp CeUfngStarted with the Measuroment
Studio ClLts Lihraries Measurement Studio M alkthmu-gfu'+Walktliruugh:
Creating u Measurement Studio NI-l>\<Jmx Application.

LdVIEW SignalExpress Colo Help -.1'akini! an WJU mMc-asuremcnt in Sii;iiall!vpre*fs.

Refer to the Where so Gvfrorti Here scdkjn fee inforrealion abtiuL programming examples Tor
Nl-DAQmx and Nl-DAQmx Rase.

aft PStf-SGS USES iJfe?r tSf '® Jm SDMfrJltnr nlrem
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Features
The Nil USR-fiOOS/eOOT lealures 3 US]3 coraiueljor. US R caNc saain rclic-F. t* D sere* lemural
coitn cLor plugs Joe UO. anti anl.liD mdieaus:. a* FJIOMI in Figure 4.

Q-H l
* # * * + # + + # * ** * * » * » » * * *» * * * # * * ,. , * * *
P-i_ L * 1 +I_t4

: \

* * * + * * + * * + +

V

r

. # {J

®
©

1 050 C eSlmi-, Brief
2 Straw Tomral Comecl»Pljg

7 LED I'-dicsIor
4 USE Cwinednr

Figure . MlUEB-60aWHK]9Hip inu E-3CK U 3WS

USB Connector find USB Cable Strain Reliel
The NI [ "S ES- KS.'F Xt0 features a L SIS COCHE- CIIOC Ice rull-sfhstd T SB inlarfucd You can provide strain
relief far the USR rated 6y cfcrL:adingizip li-c ihraugh rite L 5J3 cable strain relief ring anil LighrieninE
around a laopal[EBcflHa,as iirwiig ligure 5.

H .
3

Figures. NI USB-600MM09 Strain RBlIar

BffiUnM f(Eftu( ? FTABUrun 7 ULEf- £5ii?5S au 5p»nar3nr
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LED IndkalDr
'[ "hi.- N] L'lSR-WOKi'dflW devicebu a green LED indicaiur Itut indicates device sLaLun. is Listed in
Table 3. WJien [lie- device is canceled1o B LSR port, Lhe 1J:t>blinkr sceadily Lo indlrate Lha1 Lhc device
is initialized and is receiving power from 1hc connection.

Tabi* 3. LHJfiMa'Onfcg status

LED Slate DtaktSUu

EUH Devicenet comiceled or in suspend

On. nul Minting Deviceconnected but not initialized, oMhe computer is in sundry node.
la onfer Re the device Lo he recognized. Lhc device must be CHinecred1c a compuIc r 1hat
has M-DAQmx mslallcd on i1.

Single-blink Operating nitfmsily

Screw Terminal Connector Plugs
The Mll\SR-600tt-'&JW ships withone detachable screw lerminal cortneclor plug roranaJog si goals and
one dclaciiabta wrew iecminal connector jHug fur digital signals. These screw terminal connectors
provide la connections Lhai use 16-2S AWQ wire. Refer losfep1afltie Setting Up the
MI VSB-f&CitifiOC# seeHm for inf-ismaLiciri about selecting labels for Ihc SCJCTS IrnuLruJ connector
plugs. Refer 1o LticT jrwaftuiL; ."i.e. it re.nmpfj'QCT seclim for the device pinout and signs!descriptions.

Ycu can t!tdcr additional coftncc lors and labels f<;r ynjurdr. ice. Refer to the Carter lisa1 AGCMHWKI
scclirai rw DfClcring icfnrranri-ivi.

Firmware
The firrnwsre onIhe NE USU-bei03L'

,
'S(X>';lareslics irfHoaver the devwa»enameledIn computer wi1h

Mi -DAJQm*. M-DAQrm aotocnaIreally uploads the compatible firmware version re idw vice.Hie
firmware version may be upgraded when new versions of bfE-DAQmi rrfease

v* Wu wvv4 kU •• srv-&>'*

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

8L'Slff-SCCB -'CSeS Lfiur SfiiE fHU rtlcwm
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Cables and Accessories
Table 4 cotiLains inftsmaLion aboui cablet and accessories available fur [be MUS]3-fflOS,'l&0OT Kora
complete I ist or accessories and ordering information, refer 1a the pricing sectksn af 1be Nl U!>B-6(MS
of Nl USB-6KB product page al ni . can.

Table a. M LI5B 6KJS/SCU9 cat 35 anc Accessories

Vtctssorr Turt dumber IjcKripliiin

usitaxmcw Accessory KH TTUHTl -01 Four addiuunul screwle.-TCiinaL connectors,
connonrr lahcl.s. and a scre *driver

LI S3 S-MC0Series PiouiLypin Accessory T7'J*L ]4)1 IJniduelJcd breadhuurdinp accessory For
I' j'iu.' d.lln.'d sicn_l c;:nc iconic:and pnilorypinji.
Yuucun UK up lo IWII luocraorits per device.

!I! Speed LBBCkbte 1K4 L15-D1
1K4 L154J2

I rr. and Ir. length:

L'iiiitioir lbr cnrcpliance with Illeclromipnelic ( ":'m nacih li'.y >I VK ' requirements Ihi.s product mu.d he opcrulcd *iih
shielded tables amt jocesscries I f c shielded cables ii-r accessories are used, die IiMLl specificolions annil longer
gnanuilecd unless nLI unshielded carles anii'ur accessories ajc installed in a shielded enclosure wilhpuopejly designed and
sniklced inpuL'uuLpuL purls.

Pinout and Signal Descriptions
Figure 6 starev UiepiriiXJL of the Nt U5B SOOSBOD9 Analog tttpuL signal names are listed as
tingle-ended analog: inrat name.. Ati.and then d ifferentnl jjjjUse inpjt name.(A1I+/-X Rabin
Table 5 fora(Mailed description of cacli signal

ST*GND
Al D (AlOt] | |
Al 4 [A" t!i 1
GND 1 I
Al ' (Al -+:
Al E (Al 1-) II
GND
A 2 (A £+; I I
Ale [Al 2-]
2ND | |
Al 3 (Al 3+)
Al 7 (Al 3-) II
GW
ADD | |
AD1
GNU

BAg
QJm

El
E

E
E

u

CTi

PJ

102

i

m PO.O
PQ.1

m P0.2
LS i r PO.3
CD Fiji

m P0.5
PCi.6

m Ft.7
P1.0
P1.1

m P1.2
P1.3
F- 0
1-2 s v

m 1-5 V

TJ Z-\ 2

Figure 6. HI USB-ftM&fiMg PlntUt

a team*rrt 1 QUJUIIHM S nrtra-fflosHUB LSa-ciiLi an s muiai'iii
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Titles, s-gnaiusscnpans

Isiunul Name Reference! Dintcdnn 1Stampturn

CND Trim nd The mfeience paLnL far the .dng.Li-ondcd. annJot inpuL
mcfiur mcnLiL aiulng output vnLiit:-.-.. dltiluL .signals, rS VDC supply,

uid +2.5 VDC at the DO connocLor. and. the biu rurreni return ptiin.1 far
ditTerc-nlijl mode me- Kurejne-Jili.

Al ca..7> Varies [npm MJ.I 1 HJ InpuLlliuiirwk (JloT liar .:in£lr-cruled. mci:urerTicnLX.each
sigp!L:in unulof inpul ralbnc cJiuint1. ]-hr U Ultrcmia1 ITL -irure mcnLs,
Al D J Al i ji. the po«ilL>ic .me negaiicc inpuL: nf dilfcien JuJ unulof
inpui channel U. T:i: following : LII.II pLLIK: form differential inpuL
ehanneLs: Ak1.5>. Akl ti>, jrd Aki. 7>. Refer 111 Lte Anahitf tnpai
SKliuri for mure infnrrnalien.

A() cfl, l> tihnj OuLpul VnuJiif] Output Ounnels 9 and 1 S >:ppllcss the Yotta i oulpuL of
AO channel 0 or AO duiuicL 1. R+Tnr ID the Analog Qxlptf .sscLiim. Tcu-
more infonraliofi-

PO.C0..7> tiMJ [npm uf Ou 1.7111 Pv 'Tl i Iji j iLil l.'C J < huniKk " No 7 YDU can LnJi> .Jually on n HeLie

uj.h:ijnJ jn ..-.OUL aouipjL L-L tr Lo die I/O section fur
mere inJnnrj. iDr .

PI .CO.J> tihnj [npul DT Ompji P 'l l J [JiaiL.117(> ( JunratU D 'r. J You ..ei -iJiii.lu.il y configure
euL'h lien jl JT irpJ: UULOUL liefer La the i'ji ;: iree.' i f f ' section far mm
infnrniabwi.

n-i m tihU Enput Pt'l 9 This pin is conllauruhEe os uiLhsr J. digi J
_ I er -ar an evenL

counter inp ji. Refer L> die P i ! 0 .v.-Lu.m for marc informJlkin.

t2J V GMD Ouaiul t.J-5 Y lntcmiil Reference lYaridev: a reference fnr wrap back
felting. He Ter Lorhe -t ZJ V ffar rraaf Reference section Tor more
information.

t5 V tiVIJ DutjiuL +5 V Timer Source Provide.-; t-5 V power up Us 200 mA. Refer ID tbe-J Y Powzr Source SECILCUI farmDIG Lnfarm*ban.

raW L'S1ffHi:5» f.K 6 ifiSf aiUT 3>»lt jftnr Hi CD HI
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Analog Input
The M _'SB-6Kf3ASOWiiu eighL analog irtpuL channels that >ou can use ror four diffcremlial analog
input measuremenIt or eighi singlc-cmlcd analog input measurements,

figure 7 shwt the aralog irtpuL circuilry erf 1be N] U,SR-600B.'£009.

-h2.S V EF

S3.9 kii

Al
127 kii

y VvV

MUX FGA ADC Al FIFO

Input Flange
Selection

Figure 7. HI USE-sOPl'sMQ naicg insut circuiir,-
The main blocks featured in tbe Ml US])-£» XtS/frOlD nidus inpuL riecuitij are as foUoiAj:

MI X -The ST U5H- 008760(B bas ur.e analog -io-digjlil comeflei iAIX":. The muhipleier
iMUX i luutet Line AE c tunnel at a lime 1o the IXIA
PC A The prupa;IOIA IXc -ga i amplifier pro> ides:r.put gdns "f 1,2.4. S. 8.10. 16.a 2D >hcn
cor-fignrci for di FFc rrnLiall measurements and gain of 1 is hen Hnliigjjred for single-ended
measuremeriis. Die PGA gain it automatical calculatedbasedon Ihc voltage range telecLcd in the
measureCTJCr.lapp!Lealion.
,ADC The analog-to-digital converter t ADC) digitizes the Al signal hy ensnvecting the analog

viWHBjAjUbl apM>-g> * « ** . u

* AI FIFO The N1LS13-600Fl.f6DM can peri"orm both single and mulLiple analog-1CHligi1al
conversions or a fiml or infinite numttec or samples, A farsl-invest-out (FIFO) buffer holds data
during Al acquisitionslo ensure tbat nodala is lost.

Analog Input Modes and Signal Sources
You can configure the At channels on 1bc N1 L",SR-600K.'M09 to lake differential or referenced
single-ended :RSEi measurements. Table 6 siLmmamjes1he recommended analog inpul modefs) for
floating signal sources and groiHid-celerenoed signal sources. Refer 1o Table 5 for more inrornnacNxi
about IX) conneelions fbr tingle-ended differential measurements.

a- trons i iErrunpiir Ci)rjBij(bn rr HT LUStf-SGiaSCS uefCifE iB SlK Hran:
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Table E. Anakig Inpirt conig jnutlcrs

Analng ]n|:ui. Mode

Floating Signal LSOUTLCH
|NII1 f muiecled 10 Building (iroundi

RitrjAwr
LTigroiHided thermocouples
Si gnal conditioning with isolated
UUrpUtS

1 ISatLcry devices

Cround-Referenced Signal Sources

EtHmple:

* Plug-in instruments iv ith
n- m isolated oirlpirls

IJifloenlial ICHFF) EfciuJ EO- TSc N Utg&lfflMOGa

Al-

tl
Al-

HD

L.

Efcrul Eoc«

(K
Ml U5fl-SI0WJQM

Ai*

/ / 7

A\~

GND
_ J

RefciaiOHj
Sin&Lz-tjidBd <RSE)

ag-J Eas-fi K USB-BC >= &D»
! Mdr

ulllj

NOT ECOWWMDED

Etgui 3M.r NI14-% ®

&
V*/ /7 Vn

f.i

QND

Sojr4 oof pdH fljl iV.-vynsoUsd
!o nKEEjndskiul

FLoaUng Signal Sources
A flutinghitfii' BDurar is rot tjcuwctcd lo ihj reMing grwid system,tut ti.is in isOlasBd
gfound-reterencc poind Some examples of floming signal sources are Dulpirt of transformers,

thermocouples.tameiy-pcwBrad devices. optical isolators. andNation amplifiers, .An IfisLnifncnrt or
device thaL hi- an isolated . input b afloating signal source.

Refer 1o Lhe Nl DovEkper /one document.FirltJWiring and Noise Ctmmdersuivnsfcr dm'njg Signals.
for more information. To access Lhis doeumenL go to:ti.co~ / inlo and enter the info <?ode r <3Ewo3.
When tn List Ditleremial Connections with Doming Signal Snurcsi
Use [>[FE- input connections Toe any chartnel Ihal mccls any of the follow ing conditions

* Your applitalion requires inpuL ranges other 1han ± I 0 V
* lhe Input si trial is low level and requires greater accuracy

- The leads connecting Lhe signal 1o the device are greater than 3 m 00ft).
* The input signal requires a separate ground-reference point or return signal.

12tl L'SKCfle tJCCS Lte?r (ail®JIB 5p£jltjtonr nltom
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The signal leads (ravel through noisy envinwments,
1 Two analog irtpuL chaiHic In. A 1+ and AI-, arc available for the signal.

IJIITsignal connectionsfcduoe rasse pickup and increase comitum-modc noise rejection. Hill7 signal
connections also allow LripuL signals 1o floal wirhin [lie working vohage of Ihe device.

Refer to Lhe Tiiking Nteanirsmata section foe more information ahcnrl differential
connections.

Whan ID Jsc Ralerancfld Singla-Ended (RSEi Danno-ctiarts with F caring Signal SDUTPS
Only use RSEL inpirl connections iTthe inpirl signal meets all of Lhc follow Lng conditions:

The input signal can share acommon reference point. CND.with other signals thaLusc RSfi.
1 Y<;ur application pcrmiLs 1be use of 1be ±10 Y inpul range.
1 The leads connecting tlie si anal no Lhe device are less Lhan 3 (IO fti.

IMET input connections are recommended forgrealer signal integrity for any input signal Lhat does not
mceUhe preceding conditions.

In tlie single-ended mode1, more electrostatic and magnetic noise ccmples into Lhe signal connections
Inan in DIFFronrigiuaLions. lhe coupling is the resale of differences in the signal paLn. Magnetic
coupling isproporironal to lhe area belween rhclwo signal cisadudom. lileclrical coupling isa fitndion
or how much Lhc electric field differs between Lhelwo conductors.

WiIhDtuE tyjBofconnection,thaPGA rejects both(HE common-modenoise in the sigpalandthe ground
potential difference hel oen 1he signd source and lhe device ground.

Refer to Lh._ JUIHJ.'I.L; tjfemicedlJwgfe-& sd Wfiiwrrriflts' secLion forniece iiif.vnation about JtSEi
connections.

Ground- Refetenced Sicnal Scurces
A ground-referenced signal source isa signal source connected 1o the building system ground It is
already cortnecled 1o a common, griundp<tinrt. with rasped to Lhc device, assuming 1hat the computer is
pluggod in1o Lhe sarre [>::wer system as Ihe source Nan-isolated outputs ofinstruments and devices thal
plug into the building power system fall into ibis rategtiry.

Tha£iffser<oe in ground potential between two inflrumaits cmnected to the same budding power
system is [yp aallh betweenI and 3 (Xf mV but the dillerenec .iiit he much higher it'powerdislcibutkin
rircuits are intprpperly connected. ] T a grounded signal source is incorrectly measured.Lhisdifference
ran appear as measurement error. Fallow the ronneclion instructions for grounded signal sources to
eliminate this ground potential difference from Lhe measured signal.

Refer to1bc MlDeveloper /one document. Field Wiring and Noise CtmsHeralionsfoe Anabg Signals.
fur more inrormaLion.Tdaccess Ehis dooimeid,go1o tiL *ran/ULTO andenter rhe InloClode rllvnJ.

Whan ID Use Difergntial Conneclinns wit Grcund-P -? 1tien:-?d Signal Sources
L FC [MET input connections for any channel that meets any of Lhe following conditions:
* Your application requires input ranges other ch an ± LO V
1 The input signal is low level and requires grealer accuracy.
1 The leads connecting the si gnal to Lhe device are grcalc r Lhan 5 (IQ fti.
1 The input signal requires a separate ground-reference point or cclum si gnal.
1 The signal leads travel through noisy environments.
* Two analog inpuL uhairnc Is. AI- and AI-, are available for lhc signal.

£ Wruns iTEftunPtiS PsrtBtfltJn ;; Hi L E l f f-S j S i S S SL S Bs p s o n o n j i r
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[>]FT" signal eonneoliiins reduce noise pinupand increa.se common-mode noise rejection.D1FF signal
nuednifl aLro alImv input s:g nals !:: Float wilhin the is-octing vDlrajje of 1be device.

Refer to the Taking Dijf°ren\kii Meamremcntx s-cLion for miter infitcmalion about di ITcrcnLial
CDDUdDU.

When to Use RBJG ranted Single-Ended iRSE '- Coirediois win Ground-Felerenced Signal Soams
[>n mt Hie R51:citnneccions *ith ground-refereneed signal Hturecs, Use diffcrcnlLal roraieclions
inMead.

As sho n in Lhe boUom-eighlmiML celI ofTable- 6. there ean be a potential dilTerenec betweenCND and
1be groundd1be sensor. In KSEL mode, this ground loop causes measurement cmttfi.
Taking Dilie renlial Measurements
Foe differential sigoals,connect Lhe positive leadof 1be signal (o Hie AI+ banrinai,arjd the negali ve Lead
1o the AJ- terminal.

Ah!" ]n isar) i NIUSB-sccatiHM i
T ! I1 sS_ I

Figure H. Cmif?ctlngiDltTBranial V:'tage Signal

The differential input rmdc can measufe ±20 V signab in the ±10 V range. fluAever. 1hc maximum
vol Lage on anynoep**ks ±10 V with respect kiGND.For ekurpta,if Al I is ±lflVandAl5 in-10 V,
then the measurement reLurned Iram Lhe device is +10 V

ao-
as- T/KNIK\lo-

|5-

1I-*-
-10-

-15- \ /
20 I x x

Figure 9. Examine ]f a DiriBnandai id v UBasL nan

tt esa-ssee uses ewr a.® JI» : nlwm
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Conncding a signal 9»tEf Nun ± 10 V ;:n either pin rcnulLs in a clipped >L ipL I

20-

10-
£

A

AJ 5

E -E- Ra& jl1 /"W

-1 -
-30—

Figure ID. Exceeding Td V -an A1 RBtums Clipped Output

Taking Referenced Single-Ended Measurements
To cormcd refrjcno&isimgle-enWvcdtflge signals toihe NJ LSiS-fcOuii.'biXW, c<mncEL Lhc
poskivE rotage signal (o an AJ terminal,BIK the .round M.nnl to a GND Lc-nnin.il , as Shewn in
li ire II.

I

j Nl USB-BOOBfeOWSOUP® V _J
I

"GND

Figure 11. Ganrectlrg i P ?ldiTsnc8c Single-Ended vt tags 31gr£'

When n-::- SLL NJ.I: are connedod to Lhc analog input tarniinad.Lhc iatenul resistor divider may muse Hi?
Lcrniirjl ID rinat to appriainnately 1.4 V *hcn Lhc arakig inpuL Lcmur.al is configured as RSE. Thts
bchavLot Ls i:-.Ynial antiJoeinnL lifted lhc measurement when a signal is conncdcd.

Digital Trigger
You can conjure PF-10 as a digital Iciugci inpuL tot analog inpul lasts. Kcfcrto the Using PH Ossa
DigitalTrigg?.r section foe mure information.

attrrna irErtum?ny curtBumn rs It -' iEff-SGiiSCS UlSGiliE SB 5 » anjit
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Analog Output
The N] L"5R-600K-'£C09 har Lwo independent arjltig oulpuL channels Lhn can generate oidpirls from 0
1o 5 Y. AII updates af analog uutpul channels arc software-timed. CNC is Lhc ground-reference signal
for the iniiogoulpirl channels.

Figure 12 shows the circuiln af one analog output channel on lhc HIL"5H-600!l.f60W.

+5 V

HEFI- na=t-) u
AD12-E t

DA.;

Figure 12. Circuitry &1 One Analog OLtpdl Cbannsl

The main block featured in the N[ USEl-ECO&ftOB analog ouLpin circuitr. is the dijilaHo-analog
ctjnvcrlcr iDAO. which OMivcrls digital codes In analog voltages. There is one DAC ftireHch analog
.ulpcil Iinc.

Connecting Analog Output Loads
To connect loai tu the Nl DSB-biMS/bOffl.aimed Lhc positive leadof Lhc loud to dhe AD terminal,
and -connect UH grmin rf thrtoadto a GN0tHminU,HS shown in Figure 1.1.

ACI'¬

Ll =:N JSB-trCCtL'&EC'E.
r £\0

Figu re 13. GannactlrgLoad

Minimizing Glitches on Ihe Output Signal
When vou use a .At' lo generate a waveform, vou nna>' observe gNiches in Lhc output signal. These
glilches are normal: when a DAC switches From one village tic ar.olher. it produces gli1ches due to
releasedchutes. The largesL glitches occur when1be mosL signi [leant bit of the DADcode changes. You
canbuild a lowpass deglitching Hller tomove some of Lhcsc glilcbes. depending -on Lhc free coneand
nalure of lhc output signal.Rn more informants about minimizing glitches, refer 1o the
Knowfcdgcl3a.se document. Reducing Glnctes tut The Analog Output nfMlQ DAQ ifevtcat To access
this document, ga to ni . cczi / LnE anU enter the Info Dock oynzek.

tt L'ffff-ssce scce [fe?r OUE jw spsstcittn? rs nlcum
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Digital! I/O
The MUSEl-ftKiS/MCKJ has 12 digital Itnc-F. un 1WD purls. Port 0 LaseighL lines. P0.<0..7>, and ftst ]

Las four Iiocs. PL.<0..3>. GNU LF Lhc gntund-refentna: signal for thedigilal L'CJ ports. You ean
individually prctgram all lines us irtpuLs :v uurpurs.

figure 11shewsPO<dL ?>mtHiecledlo example signals eonrigured as.digi1al inpii1sanddi;jilal;suLpuls
You can iionn urc PI.<0.J> similarly.

* 1-& V

LED

5r-F
LED

& 4
(fTer

©

r[<] Aw-
d
_
UTL_rL
+ 1-& V

H>-

* 4-

-4-

TTL Signal

J
Bwitai|

-+-
-

Fo.a
Po.1
F0.2
F0.3
Fo.d
PO.S
P0.6
FQ.7

IW CanreclDr

v
GND

Ml USErBOOBteOH
L rr_ _ _rr_ _ _

1 P .O crniligunec is aropsnr lartxigra o J 3J!d^ TO ^LE Il
2 PJ.S cinltgurecl ss nr vivod'io d:i:'il iutui 'i r g J- I L L5
3 PD\ 4 rnli :;s c cila npul acini:] BTTL L C trim B JSK rv. rli'
4 Pai canftgjnet:H a.ibgrtai inpit ncsnmgB OV UT £ V ngnal nor- a wrteh

Figjra 11. EXIT ale af Connectflg a Lo:c

A Caution EscxddiagItie maximumii.ul vdliHga rating or maabmuni output ratings, wtadiare listed
Ilk UpcciftcmivAS section. can damage the device and the computer. National It: -trunk ms isoof

Liable lor any damage resulting from such signal connecLiDiu.

S tEna iiEltune'li'CitrtHijtwn 1 7 tii iElff-SCi ?5S iJE* GiiiE aw Jir
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Source/Sink Information
Hie dclaulL conngcaaLion of the All USB-KKa,ftOO> JIGUBI lfO purls is open collector.allowing 5 V
operation.*ith an outward 4.7 k £ipnII -up resistor. An external uscr-pro'vided pull-up BsIskT can he
3AJcJ 1a ir.-.Tease [IK Hpncurrent drive uplo aB.5 mA limil fee Ime as shotsn in Figure Li1

+5
1
v N USB-fflOfi'SHW

i

Erlernal
FhlW+f fei
Resistor \

:

POJO

i Hp
a.7 ktj Oboard Resistor

Pori Pad

PI ,
Load j

1 *

-

r 12SI

/TvW

Fi uie:s. Exanpls orcmr =-:flnE an ExtBrn UsBr-PrivIdflC R stetor

The M USB 64KW portscm BI - >. be C.YIfigured aj aeli' e drive using Ihe NI-DAQmx APE. aliens ingU V
afentim with ABOURUE/sint current 11nil of ±8.5 mA. F«more infnrmatiar aboul bow 1o set Lhe CIO
craftguradiofi rsfer rnihe Krv *LadgeU.ase document. Configuring NlDevicctlo beOpai-Draia tf.tyfr.
Colledor 't &.r Push-Pull (A&irtDrive). To access ihis documeuL. go ID ni. ccni i nEo andenter the
Inlbrode *xL2sp.

romplde the fullering steps, iu deiermnv.- rbe value od' Lhe nsiir-ptuv idud pul -LDresistor:
1. Place an ammcler in scries with lhe load.
2. Place a variable resistor between thc -iigilal outpat line and the +5 V supply
3. Stt 1*0.0 to high.
4. AdjusL Lhe variable resislor unLil the ammeter current reads as Lhe intended currcnL. The inrientlcd

current must he less Lhan 8L5 mA..
5. Remove Lhe ammeter and variable resistor from your cirturi.
6. Measure the tesislance DT Lhe variable resislor. The measured resistance is Lhe ideal value of the

pull-up resistor.
7. SelecL a sraLic resistor value for your pull-up resistor Lhal is grealer iban or equal to Lhe ideal

resistance.
B. Retoruiecl 1hc load cincuh aod 1hc pull-up resistor

1 Thi. diKTumcnl uses Nt-llAQrnr namLf convcniicn-v Up.n Jr _in is C _J!CL OJK-JI CONKTIDT uid piekh- jnjILucalled acuve Jri\ 2.

Hi L'Sff-3OSB -SffiS US?rO,i!EjrB nlmm
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I/O Protection
TD prutcd Ihe Ml L'-SIS-600K<'KXB againsL overvoltage.undervoltage. and overiuncent coruJiLions. as

ell as ILSFJivcrnls. you siiould avoid these fauh conditions by Li-ir.c Lhc following guidelines
1 If you ronngure DIO be as an output.do not rnmart it to any.'menial sir nal SCUTCH, cr.unJ

signal, or power supply.
If you conngiue a DEOline as an ouLpuL undersucd die cuner.1 requicemenls of Ur:hsad connected
lo lhese si coals. 13o no1 exceed the specified rurrenL oirlpirl limbs of its DAQ device.
NaLional Instruments has several si coal conditioning solutions. I:::r Cigiial applications requiring
high cumcoc drive.

1 If you conjure aDIO bea an inptrl.donor drive Ihe line wtfh voltages outside of its ncxmal
operating mnge. The DIO lines have a smaller operating range 1han the Al signals.

Power-On States
At system slartup and read.1bc hardware sets all Dl0 lines1a high-impoeance inputs. The DAQ device
doesnot drive the si crtHl hi gh or low. Eiaoti line has a weak pull-up resisLoc canceled to if

Static DIO
liaeh ofLhc Ml US El-ft!0&,

'50tfl 1310 lines can be used as a sialic Dl or DO line. V'oLcarj use staLic EMC)
lines to monitor orcontrol dicilal signals. .All samples or static [>] I res and updates of DO lines are
sonware-limod.

PFI 0
PFI 0 bcorfiguraMe as either a di£tl al trigger tnpuL or an event enenter ir.pnn.

Using PH 0 as a Digital Trigger
Whan an analoginput task, is defined, youcur.configure PFI 0 as a digilal trigger input. When thedigital
trigger is enabled. Lite AI Ia-i. -'.ail - £bf risingor fall ing edge on PRDbefore starting the acquisition,

lb use Al Slarl Trigger latfStartTricgw: widi a digilal yiuric . sped fy PIT Q is die sconce and select a
rising or fairingedge.

Using PFI 0 as an Event Counter
You can configure! PR 0 asa sturce far auntingdigital edges. Lu !his irovtie, failing edge cvcnls are
enunted using a 32-bil counter. For mote inf;sanation about cvem limin g requirements. refer 10 the
Speciftauions section.

TreaL the QAQdevice as ynu w inild LteaL any Maric-ser.siLve device. Always properly ground
yourscl f and die equipment when karjdLing the DAQ device or connecting it.

& I'rErtunedS CbrjBrjron HI U5B-SCiitJCS it?i?i(!E 3B Jir
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External Relerence and Power Source
The Ml USIi- fiOOKi'MOO creates anexternal reference anil supplies apcwer source. All ndlagcs arc
relative Li? ground (CMD}.

+2.5 V External Relerence
The Ml USB-£0O&VtOO,'lcreates a high-pcrily reference rollage supply foe the AIX" using a mulLi-slate
regulator,amplifier. and fiIter c ircuiL You car use Itic resulting +7.5 V reference railage as a signal fetf
self-tesL.

+5 V Power Source
The Nl L'Sli- OOK 'fiflW supplies aiV, 200 mA nulpuL You can use Lhis source topoi erexternal
compcranls

Note When ihe device is in USR suspend. die ninpul is disabled.

Specifications
The relieving specifications arc typical a1 'IS 'C.unless olher ise noted.

fl. sfdt are- lecrable

Analog Inpul
Analog inputs

Differential i
Single-ended

Input resolution
Nl U5B-600S

Differential ] 2 bits
Single-ended _... ]Ibits

Nl USB-fflfB
Differential 14bits
Singlc-cndod l 13 bi1s

Man sample eaie iaggregale "
Nl U5B-6008 WUh
Nl USB-tfK» {NIKALIVlf 'AYSIA MELAKA

t rnverier Lype Successive appccaimalion

A] IHFO. 512 bytes

Timing resolution 41.67 ns (24 MHz timebasel
liming accuracy 100 ppm of actual sample calc

Input range
Differential ±20 V**»V.±5 V ±4 V,±25 V.±2 V.

±1.25 V ±1 V
Single-ended ±IQ V

1 Syslfra-depuiduiL
: ±10 V intuii Lhii ., LI - (A] )l £ 20 V. How cvii. Alt and Al-mdboth be with in =IDIFnf GNDL Kcfer in Lht JLilting

Difjerettiiil MiCLVire /nexri stctiim f' jrir.nr? infnrmatinn.

WL'SH'-SCS 'SCe;Lte?r &'!EJUl 5t>»frJftinr 20 nlcom
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WorfcJng vdLage ±1D V

Input impedance L44 kit

Ovcrvollagcpntfection ±35 V

Trigger source Software orexternal digilal trigger

System noise1

Diffareatial
±20 V range.... 5 mYnns
±1 V range .0.5 mVrms

Single-ended
±10 V range 5 uiVmu

Absolute accuracy it full scale, diITercnLial-

Range (V> Typical at 25 *C(mV) Maximum osier Temperature miVi

±20 14.7 138

±10 7 .T3 SU

±5 ilfi 5S.1

±A 3.59 53 1
±2.5 2.56 45.1

±2 2.21 42.5

±1.25 ] .T o J |3&9
J.JJ Jf .J

AbsoluDc accuracy at full scale, single-ended

Range (V| Typical at 25 "C < mV J Maximum nvw Te-ruperaLure (mV)

±10 317 37fl
UINIVCKdlII I

Analog Output
Analog nulpirlH

Output res uliun

Maximum update rate .

Output range

Output impedance
( 'Llpcl amend drive ... .

Pmcr-un state ...

2

12 tils

L50 Hr, sDR arc-lLmed

D lo +5 V

Wit

i mA

D V

1 System noiu: [munircd ii rTKiiirr.um :JL.
1 IJIJJUL rollancs may mil. exceed Ihe working voltage rjr:?.

aWIUrvaiTErtudPtt CBrDBtfmn 21 til [EH-5GSi55£ i)E# £ ] JB 5p»no0 jif



85 
 

 
 

 

 

Slc ralf 1 Wps

Shat c intuit omrcnL 50 mA

Absolute accuracy r.-;-- load)

Typical 7 mV
Maximum at full scale .16.4 mV

Digital l/o
DigitalW SMS

E 0.<0..'?> S lines
P1.<0.J> 4 lines

Direction control Eiadt channel individually programma*:as input
or output

(Xuput driver1ypc]

HI UHH~fiWH Open collector
N1 USIS-60W Eiarti channel individually programmableas

open collcclor or active drive

r.uvipahbilily TTL.LVTTL,CMOS

Absolute maximum voltage range -0.5 to 5.5 V ,vilh respect ID CiND

I'hill-iirp resistor _.. -1.1 tO Lo 5 V

Prwcr-on slate _...InpuL

Digital logic Level:-:

1 eve Min Max

InpuL lo r voltage
LopuL high village
InruL leakage current

-O.JV
2.0 V

0.8 V
5.8 V
50 p.A

Output low voltage (E = 85 mA) 0.8 V
Output high voltage

Active driveJ|=-8.5 riiA
Open colleoljor. 1 =-0.fi m.\. nominal
Open colleelor. 1 = -S.5 m.\. vriLh external pull-up resistor

2.0 V
2.0 V
2.0 V

K/ 3 . 5 V
5.0 V

External Voltage
+5 V oirlpirUlOO mA uninauail

Minimum +4.55 V
Typical +5 V

-t-2.5 V oirlpirl IL mA maximum) +2.5 V

+2.5 V accuracy Q.25ft maximum

Reference tempcralurc drift 50 ppmiT maximum

1 Thi: d;K.-jmcnL uses Ml llAQminimijH:convcniiotLS. Op. drain ii- cJice oprn COIIDCIOT and piuh jnilL is exiled acuve drive.

L'Slff-55!*PSCS Lfcsr AriiEjrB 3>SQfrJftjnr 22 nlwm
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Event Counter
Number nf eounlris L

Kcioluciisn 32 bits

Counter measurements. Ijdge counting ifalling-edge)

Counter direction Count up

Pull-up resistor 4.7 kiito 5 V

Maximum inpul [retjuenev 5 M]L.
Minimum high pulse ivitflh LOO ns

Minimum low pulsewidth LOO ns

Input high voltage 2.0 V

Input low voltage ...O.B V

Bus Interface
USES specification .... ISIS 2.0 full-FpecxJ

ytlSli bus spcexJ 12Mb's

Power Requirements
ISIS

4 L0 lc 5:Z5 VDC
TVpical...... 80 raA
Minimum.

Typical 300 p.A

.500 rnA

Maximum ....
__£ 500 pA

Physical Characteristics
Dimensions Refer to injure L6.

•3?j'Witfmiit entireties
With connedors

...63-5 miit K S5.1 mm x 23.2 mm
(2.50 in. * 3.35 in. x 0.91 in.)

...BUi mm x S5.] mm x 23.2 mm
(3.22 in. * 3.35 in. x 0.91 in.)

£ iftinjI'lEftunBUr PurjBWfttn 22 iEff-SGiafJCS LJCWCUE as
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* B1.31 mm
|3J221 in.) " >

fe5=*---* '
'

/MIATKIHAL
5Tft*ULMENTS7«

l i i i i i i i i i i i
U-t v * * * ?_*_? * tW+-

23. IB mm
, (0.913 n.) i

j*

35.09 mm
(3.350 in.)

76.09 mm
(2.996 in.)

K
b

63.50 mm
" (2.500 in.)

72.65 mm
(2.06C -L]"

-* !
-

s=

a I

Ficure 16. HI LG B-BQOfr'fiOOB DIITlBLiDns

W-ight
Wi1hw]!conracrton 54 g (I .9 CK )

Witt raotiectnrs 34 g (3CK )

M3 oonnechMS _ USB secies ES receptacle.
(2} [fl posidau seres*.' lerminal plugs

Scre -lermLnal w iring 16 tD 13 AWC
T giK for screis lermiruls 0.22-0.25 N m ( 2.0-12 LI? kri.}

LF you need lo clean Lhe mod ule. uipe iL *itli a dry 1mvd.

Salely Voltages
Connect only voltages chat arc isiLhin Lhcse limits,

Giarincl-ljoCND ±30 V ram Measurement Category I

A

Measurement Category I is for measuremmis performed an circuits not ilitrolly comirelod 1o die
electrical disIribulLon system m retrod I : as MAINS vdbga \1 AI NS is a fia/anlous live c kc loci supply
sysic m dial powers equipment.This calcgwy is for measurementsof vohages (ran spec ially protected
secondary circuits.Such voltage measuremeids inelode signal levels,special cquipmenl. limited-energy
pads of eq uipmeol. cirruils powered by regulated Iw-vtilligc stiurres. and electronics.

Catl or Dt> JUM use this muddle for connection 1o signals orbneasdremenls witbin Measurement
Categories El . 111. :* IV.

tf L'Stf-SG*GS6S UG!?rS* i!P jru Spsltiffinr 2i rurvm
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Environ menial
Temperature (IEC 6006S-2-1 and D9T &006B-2-2)

(OperaLing _ _0 to55 T
....-JO t o H TStorage

I [u.midLLy ( I lit 60068-2-56)
OperaLing .5 RH.nonconderisirig

.5 IcOOfl RH.cionctioderisiriE

..2

Storage. .

Pol luLion IJegrcc fl EiC HKW). .

Maximum ahilude ..2,000 m
Irnksctrusc only.

Safety
This prod uct meets1he requirements of the fol lowing: slandards af safely for eleelriral equipment HIT
measurement.cot¥lrol. and laboraLtsy ux:

IEC 61010-1. E2 N 610 LO-]

i;i.6io[o- j,csA 6 iQLa ]

Hute ]-'or UL and othe r safety certifications. nfwft) the product liriof (he Mine Prt/ducl
Cenificatim K rlior..

Eleclr['magnetic Campalibil ity
This product craieEs Liac tapiiremaai nfltolbllcMig EMC Mandards for electrical equipment far
measurement eontFO!. and iHtK d- jror use:
* liN 61A2fi 1 flBC4-1336-1):Clas- A emis-sions: Basic imenunhy- EN HOI I fOifiRft I i}:Group 1,Clasa A emissions

ASfNZS CISPft 11:Group f.Class A emissions
FCC 47 CFR Part 15B:Clflis AeduaniE

* ICES-Wl Class A emissions

Note in the Dniled Stales Iper FCC -ft Cl-R ). Class A equipment i s :r.1ended for use in. odmincrc ial.
iLabL-mdLsuiaL rod tci'i ;. -:r.'±jsLriai ID:almas.La Eiitropc.Canada.A usLralia and. New Zealand i per
CISE R LI ; Class A WLipntttnt is inLa tided lir LA: cnly in heavy-industrial kxatiens.

Hute C'roLp- I equipment tperCISPR 11) is any industrial. scientific. or medical equipment IhaL
dues tKM inlcntiisnally acriecalcs radio frequency energy for [IK treatment of material ( tr
inspccticrii analysis purposes.

Hute For EMC dcelaralicns and certifications.and ikliLicinal infttrmaLion. reTer to the
Enviroiimeobl Management sectkm.

CE Compliance
This product mceLs Ihc cssctiLial requirements or applicable Enropein IJiccclivcj as follows:

ICCSAS/EiT: Ljow-VoUagc DirceliYC t safety)

1 1(104,' ]0B7EC:Eertromagnclic Compatibility Directive (£MQ

£ Ji rtjn I'rEfru nedt LUCWijrbn H.'.' iEf-iECi'CiS i£ sr C\iX JB 3>»naO0n:
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Online Pro duct C ertificaliDr
To obtain produd rcrtiHcilions and [lie l>ctlarahonrfCciifocmtj [DcCl f<» Lhis induct, visLL
ni.:nn.;csr tiFicaticn, search by model number cc product line, and diet 1be appropriale LII k in
lhe Certification column.

Environmental MonagemenI
N1 L! commiliod todesigning an)w[aoLuringproducts in anem inn:in.'nl ally responsible manner. NI
recognizea Hut pjmnnFtiig certain hazardous substances freer. our jmducls is beneficial Lolbc
environment and toM customers.

Rir ikliLional environmcnlal informant. refer to 1be HI and Iks £/ivBBnmeH Web page a1
ni .n/ nun-iimmout.This pase contains Ihe environmental regulations amidinedives 'wiLti J hi.h
N1 complies. as wll as other environmental infnnmalion not included in 1his document.

Waste Electrical and Electronic Equipinent|W EEE \
? EU Customers The symbol indicalcs that 1bc yrasle products should be disposed of separately from

mur.ic ipal household waslc acciirding CD ]3iiecLive 2DOi'?6i'IL(. of die Europe an Parliament and the
Council on >as1c electrical and electronic equipment tWEIiliJ. At the end of the produd life cycle.
a!l products midt be sent to a WEEE rejection and recyclin!! center Proper disposal of WIIEJ-I
reduces Lhe environmenial impact and risk 1o he in.in hcaLLh due to potentially hazardous substances
Iha1 arc generally used Lu such equipment. Your cooperation in 1he correeL disposal of lhe pnoduds
* iLl Lon.1ri.butc to Lhe affedive usage of nalural resources. Rs: information about Lhe available
colledion and recycling scheme ir. apartfculjf country. mferlo ai .can/citizanchi.p/wHM.

©© tSSP Tdc«or,cJ tnSrjrwnfcMW ft**£-- knJi?M Ji (fid-E).
WcatcriCJl •rgtr. j rnonis - fffic-i 4m. n1. rcm/a ivircnncj-.tVrih=_chJ.na,

(few inteifmerben e x-Jt On nci Rohticorrealleanoa,ga toiu.ecu tnviiziuLtnt /robc_chiiii)
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Where to Go from Here
This section Li -ts elicit you can find exampleprograms RJJ Lhc M U5]l-6CKlS.f£0ffl ajid relevant
dt?cumentation.

Example Programs
NI-DAQnx and NI-DAQmi soRwarc idudeeumpt programs to help you gel started programming
wi1h the ISIUSB-fiOO&rtiOW.Modify example odt.1 and save ir in an application.or use examples to
develop a new application.traddenamplc code b an ciisting application

NI-DAOmx
lb locate Nl software examples. go toni.com/ inFo and enter die Info Code iigrTotixp.
l:oradditional examples, referk) icna.ni.c=.

To cunoiampler without Lhc device installed, use an Nl-IJA'.'ILT.V simulated device. l-or moce
infismaLion. in Measurement & Artcdnatioo Eipiccw(>1,AX),select Hel|*<-HclpTHipk:H>rNI- D.AQin](~
MA \ lldp for M-l}AQmK. and search for simulated devices

NI- DAQnx Base
Nl-I)Afjmi. liasc cuamples are accessible from Start-*AIIPrograms*Vat ional [JI--1mmunis v

M-DAQrm lta«*E*ampLesL

Related, Doturnentalion
Bachapplicationsoftware jiKka£0Biiddiiret includes information about t -Titingapplications for liking
measure mens and controlling nisaEurc men devious. The Billowing references 1D ckvrumenls assume
you have NI-QAQuu 93 or laic;,ana wtuare appLicatii1. .ersinn S.? or laier of lhc 'N] .ideation
software.

NI-DAQm*TheNI USB-tiOBSMOOQ finidt itart packaged w ills 1be N] USB-SOOB/dOW describes tow In install
NI-DAQm snrtwHre. install the device, acd confirm 1haL your device is oparating properly.

The frt -DAQ fieoiinreEstswttididevices. AT>]!a. and N] application soRwace acc supplied by this
versionof Nl-DAlQ.SelccLStu.rtTAIII'Touraiias.- 'Nati.-ufiul iDstraiDents»M-J)AQ>NI-DAQReadme.

The fri -DAQmx Ifrip cnnlair.s APL avarvieiM, general ir-formaiitm ahocl rrcasureniBin ctsicepts.key
NL-DAfJmtt concepts. and romm-an applications that arc applicable 1o all programming environments.
Selecl fiLurl -. All PriHirunis -.National TDrinmaits*NI-DAQ*NT-D.(Dn]iHelp

NI-DAQm* Base (Linin/Mac OS it- LaaVIEVi PDA 3. x )
The Si -DAQmx Base Getlii Started Garde-describes how 1o install jo«rN[-DAQULT ]lase software,
youc NI-l3AQm!( Base-supportedl)AQ device.and he - to confirm lhat youc device is operating
properly. In Windows, sc led Star1>AILITogruiiiH. -NationaI licitnimc-nb;*MI-l>A(Jnix ISast -
Dooumcniaiion M-DAQni Hast Getting Stalled Guide.

The Gertirve Started with NS-DAQmx Bastfar Lima itad MacOS X Users documcr.1 describes how 10
install your NI-DAQmi Base software.yourNI-EIAQini Base-supported [>A£) device, acd howr to
confirm that your device isttpcraling properly on your ]inui or Mac machine.

The ldi -DAQm.i Base Readme lisls which devices are supported by a version orMI-DAQm* ])ase . ]n
Windon , select Siart. All Prugrams-NalL-iui-al InsLrunienLs*NI-l>AQm.it Base-DAtJiiu Base
Readme.

a teBudiiEttunBffi1 CIsrjBrjrrn 27 HI iSBSCiiiOS Jeer C\iX as
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The NI-DAQmx Base VI Reference Help contains VI reference and general information about
measurement concepts In LabVIEW', select Help-NI-I)\Qmx Base VI Reference Help

The NI-DAQmx Base C Function Reference Help contains C reference and general information about
measurement concepts. In Windows, select Start-All Programs-National Instruments»M-DAQmx
Base-Documeitfalion-C Function Reference Help

Note All NI-DAQmx Base documentation for Linux is installed at / usr/ local /natinst /
nidaamxi>asQ/documentation.

Note All NI-DAQmx Base documentation for Mac OS X is installed at / Applications/
National Instxumants/NI-OAQmx Bass/ documentation.

LabVIEW
If you are a new user, use the Getting Started with LabVIEW manual to familiarize yourself with the
LabVIEW graphical programming environment and the basic LabVIEW features you use to build data
acquisition and instrument control applications. Open the Getting Started with LabVILW manual by
selecting Start-All Programs-National Instniments» LabME\V»LabVIF.W Manuals or by
navigating to the labiriawXnnnnnla directory and opening tV_C<stting_Startod.pdf .

Use the LabVIEW Help, available by selecting Help-la*VIEW Help in LabVIEW. to access
information about LabVIEW programming concepts, step-by-step instructions for using LabVILW.and
reference information atvtit labVIEW VIs- functions, palettes, menus,and louts.Refer to the following
locations on the Contents tab of the LabVIEW Help Tor information about NI-DAQtm

ic • (retting Started with L»b'IKW i .citing started wilh DAQ Includes overv iew information
and a tutorial to leant how to ufce an NI-DAQmx mea -aremerit in LjfcV 11 AV using the DAQ
Assistant.

• VI and Function Reference-Measurement I/O Vis and I unctions DAQtnx •Data
Acquisition A Is and Functions Oeschtes the IabVtW M-DAQutx VLs and functions

• Property and Method Rcference-NI-DAQmx Properties contains the property reference
• Taking Measurements Contains the conceptual and how-to information you need toacquire and

analyze measurement data in LabVIEW.including common measurements, measurement
tor*:.-.menials NI-DAQmx Lev concepts, and device considerations. i.. .. w . . L>.. v

LabWindows.CVI

the DAQ Assistant. In I-abWindows /CVl~. select Help-Contents, then select tsing
LabW indows/CM-Data Acquisition. This book alsocontains 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 Lihrarv Reference-Nl-DAQnix l.ibrar* in the labWindows/CVI
Help.

29Ht US8-61)09500$ (JBeniwFifr Spaairaomr orcom
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Measurement Sludio
If you program your NI-DAQmx-supported device in Measurement Snllouiif'ViEinlOiTViiBl
ISasic .NliT. you ran udBraetiYBlycreatechannels and tasks by launching Lhc [>AQ Assistant from VI AX
orTrom w irliin Viiual Sluuin. You can use MeasuremealSIndio to generate Lhc configuration axle hated
on your task nr channel . Refer 1o the DAQ Axsixlan! Help for additional infornnaiism about generating
rede.

TheVJ Meaxuntnetii SludivIleip is fully integrated with Lhe Microsoft Visual SLudiohelp.To view this
help file in Visual Sludio. reled Mcasu remcnl Studie M HeasDnmol S In did Help. E:or
i n I .TLI: JI ii.ir. related to developing with X l-l)AQmx , referhi the fodkjwinp lopics within iie
iVJ MeanmmEiQ Stadia Help

For step hy-stcp instructions on how ID rnealc an. NI-DAQrnx application using die Measurement
Studio Applicant Wiaard HIKJ AHDAQ Assistant refer to Walkthrough:Creriaga Matinn/ner.t
SJadits Si-DAOms; A pp iiioa(Jew.

• E:or help with N1-IJAQmi methods and properties, refer to NalioiiaiinsiTHmaas.DAQmi
iVjflicjfoce and .VAIJORU 'Jas!rumenr.v./?A(JSU.Coniponr,nIModel Namespace.

• l:nr conceptual help wi1h MI-DAK nut. refer In Usinp. lhe Measurement ladits Ni-BAQmi .NET
library arkl De\rIoping with Measurement Studio Nl- DA nj.
ft* general help with proaramminr in Measurcrrent Studin. refer 1o Gelling Started with lhe
UtasaresKiti Shtdiss dm Libraries.

TD create an application in Visual Basie .NET or Visual follow these Lateral steps:
1. En Visual Studio. soled FiIe»NewwProject to launch the New lYojceL dialog bu.
2. En die EinokXt types pane,expand the Visual Basie or Venal C# node, depending on which

language you want tn creole the project in. and select V EeasuremiL-nl: S Ludi u.

3. Choose a project type. You add DAQI asks as a part of this slepc

ANSI C withoiil Ml Application Software
The Si-DAQtru. Help Lor.lair.s APE over, iews and general infssmaLion about measurement concepts.
Seled SlarthAILProerums-Nutiojinl lnslnunaititni DAtJ»N]-DAQiiiHelp.

The Aif -iiAQmx CRtftrvnle Help describes AH M-DAQIDI Library functions, which you ran nsc wLLh
National Inscmments dala acquisition devices to develop inslramemadon. ocuu ation. and control
applications.Sake Slart *AJI Prognuns National I nd rumenis- N l- UA l- TeiL-Based Code
Sifipnrt H-DAQiui Reference Help.

.MET La n q u n q es w ilho ut NI App I i cal io n Satlwa re
With the Microsoft .NliT Frame work, version 1.0 or larer. you can use Nl-DAQm* to create applications
nsLng Visual C and Visual Basic .KIT wilhour Sfeuurcmcnl SLudio. You need MicnsoR Visual Scudm
.NET 2CKH or later Tor die API doeumenlaLion to he installed.

The installed docuinenlalion contains the NI-DAQmjc API overview.measurement lasksand concepts,

and function reference. This help is folly integrated into Lhe Visual Studio documeulalLon. To view the
NE-DAQm . NET docuineiilalion.go1oStartnAIL ProtyaniH Natiunal lnstninii'nLs* NI-l>AQ>

Tut-Based Cede Support. For function reference, refer to Lhc AiiTiCMil/jislmmtnts.DAQtni
Namespace and NaHoKtlfnstnimtaas.DA KS.ComponentMtde! Namespace topics. Pec conceptual
help, refer to Lhc t/sing Jib-? Afciiriiii cfflc.ni' Studio Nl- DA QMS; .NIT library and Deieiispiag vrtih
iW?ii jjj,r? IT:?ITJ Siadits Si-DAQ/m sedions.

TD gd tolhe same help Inpics from wiLhin Visual SLudissSOOfi nrlOCfi. go1u Help L ontcnls and seled
M easureineiit Stud ia fromlhe FLIlercd By drop-rkjwu lisL.To geMo Lhc same help topics from within

29a Wruna iFEttunphS CSjrtBWftjn ID i)5B-t09tt 9'j9 i£*GdT 3V Shsodanjir
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Vi sual Studio 20]0. go toHelp*ViewIIdp andsleet MMeasUHHDIStudio Hdp from1he Refuted
l.ints secLion.

Training Courses
[f you need more huIp pettins slarted developing an application wthMproducts.N] "ffers training
courses. To enroll HI a course or "Plain a detailed court? outline, refer to ni . ccm 'training.

Technical Support on the Web
Roc additional support.refer to ni. com suppsrt orxonc.ni.era.

Note You car download these docuinciicE at ni.c /mama1r.

[)AtJ .specifications and some [>.My manuals are avai laNe as PDRs. You must bare Adobe Acrobat
Readers ich Search and Accessibility 5.0J or later insLalLed to view the PDFs, Refer to Lhe .Adobe
Systems Incorpctraled Web site aLvrrfw . adobe . ccm1oU(!wnload AerPbal Reader. ReFerlothc National
Instruments Product Manuals Library aL ni.ca/unmla for updated documentation resources.

Where to GD Tor Supporl
The National Instruments Wet site is your complete resource fur technical support. At
nl . com 'supperL you have access to everythin;; rrnm trnuhleslioolins and application development
self-belp resources toemail and phone assistance freer.M Application Ix.cineers.

A Deelarat ior.c#Co*formjty !EJcsCTj isour claimof ctiffipiLajice wilb theCouncil of the European
Communities usinu lhe manufacturer 's dec'aralkMi rtfconformity. This system affords the user
prisrction for cleclrimaEnetic compatibility (EMCI arid prcducL safety. You can Alain lhe l)oC Tor
your product by visiiinu ni . com/cirti fication. If your product supports calibration, you can
obtain ibe ealibrsrioo rerlific ale for your product at:ii.c on./.=a:cheatian.

N,i1:onal InsLnnnidr.ls corporate headquarters is located at 1 15(10 Vorfli McfK Erpresswiy. Austin.
'Ifctas.7875 3 Wadena!instruments also hi- titlfiees locatedaround Ihe world b:> help address your
support needs. Rif telephone supped in the United Scales, create your service raquesi at
ni. cnm/cuppori: and follow lhe calling instructions ordiad 512 795 824B. For telephone support
eulside the United Stales, viat the Worldwide Offices section of ni.cam ' iglotcil 1o access the
branch office Web sices, Tshich provide itj>co-italecon.1ae1 infortnaliraa. supporl phone numbers cmaill
addresses, .uid current events.
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Appendix C: SCT-013-000A , 100A:50mA  Split Core current sensor Datasheet 
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SPECIFICATION
Oust oner Title : XiDi Technolapy Proiict Hnnel

Manufacture Vddel : SCT-C13-000

Cherateristicst open size:loimX lom
In leading wire
Core iateri -al :Ferrite
Ere resistance property:£JL accordance with.
UL 94-TD
Dielectric strensth. : 1QD07 AC/iain anA.

[between shell and output.!
Outline size dLa ran : (in ma)

3I3 E .
il
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4
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]L9MI

u
a
rt

22 i = n -
Front: View Side Vie

Typical table DS technical paraBeters:

1

rp
* -o

775

-o
uTEi TiansiHttTmAtsse EUBPTKsar

Current output type

Schematic CiiExan

Input c'irrett output voltage non-linearity Bullif-lx .staplla; rtsistazic KL;
D-iO&A O-eOmT + as 0

turn ra:lc rcjLs:ancf 5:;:: work ~.eE4> ernture flltl«trlc strength ftutTiari snail sad output!1
10DA :0. 35A Cradle C -aet -'-int 1IHY 1C/l*Id Em.

Cua toner Signu

Phone; MSE-raaa*&5-fliK
Celle iaesssa-isi
Contact ?> ne: Engineer Chen

a£Hi-7-iS




