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ABSTRACT

The rapid evolution of Renewable Energy Sources (RESs) during the last two decades
resulted in the installation of many renewable energy power systems all over the world stich
as small hydro, wind, solar, biomass based etc. The increasing application of these RESs
requires use of data acquisition in order to collect data, regarding the installed system
operation monitoring, control of its operation and performance evaluation purposes. In this
dissertation, the development of a computer based data acquisition system for monitoring
parameters and performance of Hydro Turbine Generator Unit (HTGU) is presented.

Hydro power station needs simultaneous measurement and control of a number of
variables located in different places in the station using suitable instruments placed close to
the respective variables. The measurement data from these instruments can be acquired and
implemented simultaneously, centrally and reliably by networking them with a computer.

The proposed system consists of a set of transducers for measuring both non-
electrical (e.g. turbine head, discharge, power, speed etc.) and electrical parameters
(generator voltage, current, power, speed etc.).The collected data are first conditioned using
precision electronic circuits and then interfaced to a Personal Computer (PC)/Laptop using
data-acquisition modules. The National Instrument (NI} LabVIEW program is used to further
process, display and store the collected data in the PC/laptop. The modern feature of this data
acquisition system is to access and monitor the system using more user friendly graphical
interface software.

In context to above, using SHPs is an attractive and significant alternative among in
renewable energies. Usually the SHPs situated in remote locations in hilly regions. Besides,
that their monitoring is not quite easy.

This dissertation is first focuses on the brief description of development of SHPs and
application of Data Acquisition System (DAS). Then, it acquaints the readers with the HTGU
experimental setup along with the data collection and interfacing process, data representation
in LabVIEW, the experimental results, conclusion and discussion.

This dissertation work helps to monitor all parameters of Small Hydropower Station
in a single window on desktop. The proposed architecture permits the rapid system

development and has the advantage of flexibility in the case of changes, while it can be easily
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extended for monitoring and control I/O (Input/output) of HTGU based SmallHydro Power
(SHP) station operation by some essential hardware modifications. This may be also led to

help in monitoring the SHPs remotely/wirelessly.
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CHAPTER-1
INTRODUCTION AND LITERATURE REVIEW

11 GENERAL

The increasing demand and application of Renewable Energy Systems (RESs) during
the last three decades resulted in the installation of many RES power systems such as small
hydro, wind, solar, biomass based etc. Hence widespread application of RESs requires the

use of data acquisition in order to collect data, regarding the installed system operation
monitoring, control of its operation and performance evaluation purposes. Among renewable

energy sources, the Small Hydropower Projects (SHPs) are advantageous owing to short
gestation period, inexpensive operation & maintenance and most importantly environment
friendly. Moreover, SHP is the oldest and yet the most reliable of all RESs [1].

The CEA estimates that the economically exploitable potential of the river systems in
India stands at 148.7 GW, while its capacity under operation is 35.9 GW (including large
hydro projects). The assessed potential of SHPs spanning almost all the states in the country
is 14.3 GW. The hilly states of India mainly Arunachal Pradesh, Himachal Pradesh, Jammu
& Kashmir and Uttarakhand have the highest potential of about 6.6 GW of SHPs
cumulatively [2].

With the rapid developments of internet and computer technologies, accessing and
operating of real time applications is becoming reality. Many modern Data Acquisition
System (DAS) have developed and available now to evaluate the parameter and performance
of such kind of machines (turbine, pumps and generator etc.), when they are in operation.

In context to above, using Hydro Turbine Generator Unit (HTGU) is one of the most
important part of any Hydro power plant whether its Small or large. As compare to large
hydro small hydro have relatively simple machines (HTGU) with no special designing and
are readily available in most developing countries. Besides, their installation, commissiorﬁng
and maintenance are easy and éheap [3]. Most of the SHPs are situated in remote and distant
areas, due to that their testing, maintenance and monitoring problem is widespread and its a
time consuming process. Here attempt to develop such a DAS which can help in above

mentioned problems.



1.2. INTEGRATED DATA ACQUISTION SYSTEM (IDAS)

‘'The computer revolution and widespread availability of personal desktop computers
have spurred interest in telemetry receiving systems with the capability of recording
information digitally. Data acquisition begins with the physical phenomenon to be measured.
This physical phenomenon could be the temperature of a room, the intensity of a light
source, the pressure inside a chamber, the force applied to an object, or many other things.
An effective DAQ system can measure all of these different phenomena [4].

An effective data acquisition system can measure all of these different properties or
phenomena. In computer data processing, data acquisition is the sampling of the real world
to generate data that can be manipulated by a computer. Sometimes
abbreviated DAQ or DAS, data acquisition typically involves acquisition of signals and
waveforms and processing the signals to obtain desired information. The components of data
acquisition systems include appropriate sensors that convert any measurement parameter to
an electrical signal, then conditioning the electrical signal which can then be acquired by

data acquisition hardware.

1.2.1 Need of Data Acquisition Systems

Data acquisition systems have evolved over time from electromechanical recorders
containing typically from one to four channels to all-electronic systems capable of
measuring hundreds of variables simultaneously. Early systems used paper charts and rolls
or magnetic tape to permanently record the signals, but since the advent of computers,
particularly personal computers, the amount of data and the speed with which they could be
collected increased dramatically. However, many of the classical data-collection systems
still exist and are used regularly.

The purpose of data acquisition is to measure an electrical or physical phenomenon
such as voltage, current, temperature, pressure, or sound. PC-based data acquisition "uses a
combination of modular hardware, application software, and a comphter to take
measurements. While each data acquisition sYstem is defined by its application
requirements, every system shares a common goal of acquiring, analyzing, and presenting

information.



Early, expensive mainframe computers were used extensively for gathering multiple
channels of data, primarily in large industrial or scientific applications. They were seldom
used in small projects because of their relatively high cost. But the introduction of smalil
rack-mounted minicomputers that developed in the 1960°s and later desktop personal-type
computers that housed microprocessors and proliferated in the 1970°s justified their use for
smaller projects. Soon, data acquisition plug-in cards (as well as hundreds of other types of

plug-in cards) for these small computers were a common means to collect and record data of

all types [5].

All PC-based data acquisition systems will record extremely accurate, repeatable,
reliable, and error-free data provided they are connected and operated according to the
manufacturer’s recommended practices. These practices include selecting the correct sensors
for the application, the proper wire and shielded cable; capturing the signals in proper
magnitude, range, and frequency; and paying close attention to grounding and shielding —
particularly eliminating ground loops. Additional items include choosing the correct
impedance and ﬁsing doubled-ended (differential) inputs instead of single-ended where
possible. The environment should also be considered, especially for extremes of ambient
temperature, shock, and vibration. And herein lies the major goal of this publication — to
inform users of the most needed recommended practices based upon a fundamental

knowledge of the internal workings of data acquisition system instrumentation [6].

1.2.2 Application of IDAS in Small/Mini/Micro Hydre Power Plants

They require control and monitoring systems to limit the huge variation in input
flows expected in rivulets over which these are established to produce a constant power
supply in every power house. A Power Plant Monitoring System is extremely important for
assuring normal operation of the whole power plant as well as initiating alarms to avoid
further development of unattended fault within the power generating system. The task of
monitoring a power plant is to detect faults at an early stage and avoid damages to the major
components of the plant e.g. turbine, generator. There are many parameters of monitoring in
a power house. Like generations, instantaneous voltage or generating voltage, current, power
factor, temperature, revolutions per minutes of generator shaft because of frequency should
be matched with the grid and it should be precisely monitored, kVA generations, load factor,
kVAr generations. So knowing of current status of various parameters in system, the

monitoring of all quantity is necessary. It helps for controlling of all equipments.



Usually, there are number of sensors in a power plant for measurement purpose, such
as, pressure transmitters, flow meter, temperature transmitters, level tranémitter, and so on.
Until now, wired networks are used to connect sensors to transfer sampled prbcess data to
control systems. Many modern data écquisition system have developed and available now to
evaluate the parameter and performance of such kind of machines (turbine, pumps and

generator etc.), when they are in operation.

1.3 OBJECTIVE OF THE DISSERTATION

The objective of the dissertation is to develop a fully integrated DAS for HTGU -
which can able to measure the following parameters and display them on PC/Laptop:
(a) Electrical parameters- Generator Voltage, Current, Power, Power Factor,
Frequency, Speed etc.
(b) Non-electrical parameters- Speed, Temperature, Pressure, Discharge, % of gate

valve opening of turbine etc.

14 LITERATURE REVIEW

Losordo Thomas M. et al. in [7] had developed an automated water quality data
acquisition system at the University of California, Davis (UCD). The self-contained
microprocessor based system consists of a micro logger, a weather station and a unique
water sampling raft. The system can monitor and record the following information on a
routine basis: (a) weather data including solar irradiance, photo synthetically active -
radiation, wind speed, wind direction, air temperature, relative humidity and rainfall; (b)
pond environmental data, taken at up to eight depths to a maximum of 175 cm, including

dissolved oxygen, temperature, pH and photo synthetically active radiation.

Kusic G.L. et al. in [8] proposed a Remote Terminal Unit (RTU) for the generation
of hydro systems which convert the raise/lower megawatts (MW) into timed relay contact
closures to the governor which result in wicket gate open/close movement to change the
generator output power. The output power of each generator is monitored by the digital
Automatic Generation Control (AGC) which closes a feedback loop around the governor-
turbine-generator to assure the desired power level is attained. This paper describes the
feedback loop design, which is essentially a sampled-data control. Additional feedback loops

due to the Area Control Error (ACE) and load regulation are also analyzed. A method is



presented for allocating water usage between reservoirs on a generator command-time basis.
The theoretical designs are verified by on-line measurements presented in the paper as in

Fig.1 (a).
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Fig. 1(a) Digital Control of a Hydro Generating Unit

Ibdfiez Jesus et al. in [9] developed a high performance acquisition and processing
DSP board (DASPU) for low frequency dynamic signals, based on the Texas ‘Instruments
TMS320C30 processor. It is specially suited for monitoring low speed rotating machinery:
hydraulic generating sets, turbines, thermal power plants, etc. Up to 16 transducers can be
connected to each DASPU and up to 32 DASPUs can be connected, via a communications
network, to a remote host. Therefore, the proposed unit provides the flexibility and high
performance characteristics required in monitoring and predictive maintenance systems. The
presented DSP based monitoring system is currently working in one hydroelectric power
plant in Spain.

A different approach has been proposed by Wichert et al. in [10], as shown in Fig.
1(b). A commercial data-logging unit has been used to measure a set of meteorological and
operational parameters of a hybrid photovoltaic—diesel system. The collected data are
transmitted to a PC through an RS-232 serial interface, where they are processed using the

LabVIEW data acquisition software.
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Fig. 1(b) Data-acquisition architectures for RES systems of a data logging unit connected to a PC

Koutroulis and Kalaitzakis in [11] describe a computer-based data-acquisition
system for monitoring both meteorological data and renewable energy sources system

operational parameters is proposed. A block diagram of the proposed system is shown in
Fig. 1(c).
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Fig. 1(c) Data-acquisition architectures for computer based renewable energy source systems



Chen x.y. and wu w. in [12] had developed, according to diversity-and complexity
of hydro-generator sets faults, a type of remote monitoring and diagnosis system is brought
forward which is based on wavelet packet decomposition, BP Neural Network and
MATLAB Web Server. Firstly, wavelet packet decomposition is introduced to acquire
energy of hydro-generator sets signal’s frequency band to be feature parameter. Secondly,
BP Neural Network algorithm is analysed.

Momentum term is introduced to improve BP Neural Network learning rate. It
reduces BP Network input dimension and improves BP Neural Network performance by use
of extracting some energy features as BP Network input variables. Thirdly, it is the first time
~ to adopt MATLAB Web Server to hydro-generator sets faults diagnosis to implement
distributed remote monitoﬁng and diagnosis system. Therefore, remote diagnosis application
is independent from operating system (OS) used on server side. Most of all, clients can finish
remote diagnosis by web browser and without installation of Matlab software. Fig.1 (d)

illustrates the structure of this system.
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Fig. 1(d) Process control architecture in large hydro plant

Aristizabal A. J et al. introduced a system for monitoring the performance of PV
power plants using the Virtual Instrumentation concept. Portable equipment for monitoring
the performance and the quality of the power generated by PV power plants was
implemented using the Virtual Instrumentation concept. Fof that, a NISCXI system was used
as hardware and the LabVIEW graphical programming package 7.1 as software.Fig.1 (e)

illustrated the Block diagram of the interconnected PV plant, showing the devices used for



monitoring the performance and parameters determining the quality of the electrical power

generated. [13].
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Fig.1 (e) The Block diagram of the interconnected PV plant, showing the devices used for monitoring
the performance and parameters determining the quality of the electrical power generated.

Arshak et al. in [14] presents a review of developed simulated models for a wireless
data acquisition system. The system reads anélo gue informatioﬁ provided by two sensors
used for medical purposes. The real data have been recorded by two, pH and pressure
sensors used in diagnosing conditions of the esophagus that are employed to examine the
system performance. The created model contains four main simulated units using
SIMULINK. The first unit contains the output signal, which is encoded to digital signal
based on adapting one of the pulse coding modulation (PCM) algorithms. The second unit
simulates the processor function that is responsibzle for framing, mixing and compressing the
incoming bit streams from both sensors. The third unit, where the digital data are modulated
and sent through different noisy channels, represents an efficient FSK transmitter/receiver
model. At the receiver end, the signal is demodulated and processed inversely to extract the
original analogue signal read by the two sensors.

In this work, the performance of the systems using different PCM methods will be
studied comparatively in order to control the transmission and reduce the amount of data
frames sent. This will lead to a significant reduction in power consumption. In addition, the
performance of the RF unit through additive White Gaussian noise (AWGN) channel was

examined by estimating the average bit error rate (BER) for different carrier frequencies.



The effect of the multipath fading, inband/outband interference, and adjacent channel power

ratio (ACPR) has also been investigated during system assessment.

Demirtas Mehmet et al. in [15] describe the design and implementation of a data
acquisition card for the hybrid energy system. Parameters of the solar and the wind sources
such as the current, the voltage, the direction of wind, the operation conditions and the
position of the solar system can be changed and illustrated on an LCD and displayed on a PC
using the card developed. The hybrid system including a PIC 18F452 and a 18F2550
microcontroller has been tested on a 2.5 kW solar panel and a 2.5 kW wind turbine. It has
been observed that this hybrid system works successfully and gives good performance such

as low cost and easy programming.

Qadri Muhammad Tahir et al. in [16] discuss the approach of real-time controlling
of the energy management system using the data acquisition tool of LabVIEW. The main
idea of this inspiration was to interface the Station (PC) with the system and publish the data
on internet using LabVIEW. In this venture, controlling and switching of 3 phase AC loads
are effectively and efﬁcfiently done. The phases are also sensed through devices. In case of
any failure the attached generator starts functioning automatically. The computer sends
command to the system and system responds to the request. The modern feature is to access
and control the system world-wide using world wide web (internet). This controlling can be
done at anytime from anywhere to effectively use the energy especially in developing
countries where energy management is a big problem.. In this system totally integrated

devices are used to operate via remote location.

Schneider-Electric France (Plant automation & energy management specialist
comp.) in [17], developed Solution for micro hydro power plants, lower than IMW: 1
turbine generator unit or several small generators (multi site) and local control. Its main

applications are in

(a). Turbine-Generator unit management
(b). Protection of generator set
(¢). Synchronization to grid network

(d). HMI and remote monitoring



The architecture of a Micro Hydro power plant is shown in Fig.1 (€) below: This architecture

permits the following control:

(a). Remote control Web navigator

(b). SMS alarm system

(c). Magelis XBT GT HMI

(d). W@de W325 telemetry controller

(e). GPC, synchroniser, protection & monitoring module

(f). Instrumentation: flow, water level, pressure

(g)- Valves, gates, deflectors, injectors

(h). Ventilation, bearing greasing system: TeSys U & TeSys T motor starters and Altivar
drives

(i). Auxiiaries, contactor and circuit breakers

Fig.1 (f) Architecture of a Micro Hydro Power plant

(G). W@de W310 standalone data acquisition module
(k). Ositrack RFID module
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CHAPTER-2
DATA ACQUISITION SYSTEM (DAS)

2.1 GENERAL

The computer revolution and widespread availability of personal desktop computers
have spurred interest in telemetry receiving systems with the capability of recording information
digitally. Data must then be stored in a memory device in the field and Iater transferred to a
“main computer” back in the office. Today, digital computers and other microprocessor-based
devices have replaced analog recording and display technologies in all but the simplest data
acquisition applications. _

Data acquisition begins with the physical phenomenon to be measured. This physical
phenomenon could be the temperature of a room, the intensity of a light source, the pressure
inside a chambér, the force applied to an object, or many other things. In computer data
processing, data acquisition is the sampling of the real world to generate data that can be
manipulated by a computer. Sometimes abbreviated DAQ or DAS, data acquisition typically
involves acquisition of signals and waveforms and processing the signals to obtain desired

information [4].

2.2 FUNDAMENTAL OF DATA ACQUISTION SYSTEMS

Data Acquisition Systems, as the name implies, are products and/or processes used to
collect information to document or analyze some phenomeno‘n. In the simplest form, a
technician logging the temperature of an oven on a piece of paper is performing data acquisition
[18].

In other words, Data acquisition is the process of measuring an electrical or physical
phenomenon such as voltage, current, temperature, pressure, or sound. PC-based data
acquisition uses a combination of modular hardware, application software, and a computer to
take measurements. While each Data Acquisition (DA or DAQ) system is defined by its

application requirements, every system shares a common goal of acquiring, analyzing, and
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presenting information. Data acquisition systems incorporate signals, sensors, actuators, signal
conditioning, DAQ devices, and application software [4].

Acquired data are displayed, analyzed, and stored on a computer, either using vendor
supplied software, or custom displays and control can be developed using various general
purpose programming languages such as BASIC, C, Fortran, Java, Lisp, Pascal. Specialized
programming languages used for data acquisition include EPICS, used to build large scale data
acquisition systems, LabVIEW, which offers a graphical programming environment optimized
for data acquisition, and MATLAB which provides a programming language, and also built-in
graphical tools and libraries for data acquisition and analysis [6]. .

Today, most scientists and engineers are using personal computers with Peripheral
Component Interconnect (PCI), Peripheral eXtentions Interconnect (PXI)/Compact PCI,
Personal Computer Memory Card International (PCMCIA), Universal Serial Bus (USB),
IEEE1394, Industry Standard Architecture (ISA), or parallel or serial ports for data acquisition
in laboratory research, test and measurement, and industrial automation.

Many applications use plug-in boards to acquire data and transfer it directly to computer
memory. Others use DAQ hardware remote from the PC that is coupled via parallel or serial
port [19]. .

Obtaining proper results from a PC-based DAQ system depends on each of the following

system elements are given below and shown in Fig. 2.1(a), (b) and (c).

(a). The Personal Computer
(b).DAQ Hardware

(c). DAQ Software
(d).Sensors/Transducers

(e). Signal Conditioning Units

13
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In detail all the components of the PC-Based DAQ System may be explain as:
2.2.1 The Personal Computer

The Computer we use for our DAQ system can drastically affect the maximum speeds at
which we can continuously acquire data. As computers continuously improve, our DAQ system
can take advantage of the computer’s enhanced capabilities, including improved real-time
processing, the ability to use complex video graphics, and higher streaming-to-disk throughput.
Today's technology boasts Pentium IV and Power PC class processors coupled with the high-
performance bus architectures. The PCI bus and USB port are standard equipment on most of
today's desktop computers and yield up to 132 Mbytes/s theoretical data transfer capabilities.
External and portable PC buses such as PCMCIA, USB, and FireWire offer a flexible
alternative to desktop PC-based DAQ systems while achieving up to 40 Mbytes/s transfer rates.

For remote or distributed DAQ applications, we can place measurement nodes near
sensors and signal sources and use standard networking technology, such as Ethernet, serial, or
wireless. When choosing a DAQ device and bus architecture, keep in mind the data transfer
methods supported by our chosen device and bus and the transfer rates. The data transfer
capabilities of our computer can significantly affect the performance of our DAQ system.
Twenty years ago, PCs capable of transferring at rates around 5 MHz, whereas today’s
computers can transfer significantly faster [6].

As PC speed continuously increases, DAQ system speed increases as a result. Today’s
PCs are capable of programmed I/O and interrupt data transfers. Direct memory access (DMA)
transfers increase the system throughput by using dedicated hardware to transfer data directly
into system memory. Using this method, the processor is not burdened with moving data and is
therefore free to engage in more complex processing tasks.

Traditional platforrﬁs include Mac OS, which is known for its simple graphical user
interface and Windows 2000 or XP which include native plug and play and power management.
Furthermore, real-time operating systems provide reliability and robustness that may appeal to

our particular application [20].

2.2.2 DAQ Hardware

Depending on our application, there are several different classes of PC-based data

acquisition devices that we can use are:
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(a). Analog Input/Output
(b).Digital Input/Output
(©). Counter/Timers

(d).Data Acquisition —a combination of analog, digital and counter operations [5].

2.2.3 DAQ Software

Software transforms the PC and DAQ hardware into a complete DAQ, analysis, and
display system. DAQ hardware without software is useless — and DAQ hardware with poor
software is almost useless. The majority of DAQ applications use driver software. These are the
example of software used for DASs -Test Point, Snap Master, LabVIEW, DADISP,
DASYLAB, e-TAP, MATAB, D-CON, etc, some software packages are as shown in éhown in
Fig. 2.2.

2.2.3.1 Functions
Driver Software functions for controlling DAQ hardware can be grouped into analog
I/0, digital I/O and timing I/O. Although most drivers will have this basic functionality, we will
want to make sure that the driver can do more than simply get data on and off the board. The
driver should have the functionality to [21, 22]:
(a). Acquire data at specified sampling rates.
(b). Acquire data in the background while processing in the foreground (continuous data‘
acquisition).
(c). Use programmed /O, interrupts and DMA to transfer data.
(d). Stream data to and from disk.
(e). Perform several functions simultaneously.
(f). Integrate more than one DAQ board.

(g). Integrate seamlessly with si gnal conditioning équipment.

These and other functions of the DAQ driver save the user considerable development time.
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2.2.4 Sensors/Transducers

A sensor converts the physical phenomena of interest into a signal that is input into
our data acquisition hardware. Transducers are synonymous with sensors in DAQ systems.
There are two main types of sensors based on the output they produce: digital sensors and
analog sensors [23].

Digital sensors produce an output signal that is a digital representation of the input
signal, and has discrete values of magnitude measured at discrete times. A digital sensor
must output logic levels that are compatible with the digital receiver. Examples of digital
sensors include switches and position encoders [5].

Analog semsors produce an output signal that is directly proportional to the input
signal, and is continuous in both magnitude and in time. Most physical variables such as
temperature, pressure, and acceleration are continuous in nature and are readily measured
with an analog sensor. For example, the temperature of an automobile cooling system and

the acceleration produced by a child on a swing all vary continuously.
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The sensor we use depends on the phenomena we are measuring. Some common analog sensors

and the physical variables they measure are listed below in Table 2.1 [24].

Table 2.1 Eleétrical Characteristics and Basic Signal Conditioning Requirements of Common

Transducers
Sensor Electrical Characteristics Signal Conditioning Requirement
Thermocouple Low-voltage output Reference temperature sensor (for cold-
Low sensitivity junction compensation)
Nonlinear output High amplification
Linearization
RTD Low resistance (100 ohms Current excitation

typical)
Low sensitivity
Nonlinear output

Four-wire/three-wire configuration
Linearization

Strain gauge

Low resistance device
Low sensitivity
Nonlinear output

Voltage or current excitation
High amplification

Bridge completion
Linearization

Shunt calibration

Current output
device

Current loop output (4 - 20
mA typical)

Precision resistor

Thermistor Resistive device Current excitation or voltage excitation with
High resistance and sensitivity | reference resistor
Very nonlinear output Linearization
Active High-level voltage or current Poour source
Accelerometers output Moderate amplification
Linear output
AC Linear AC voltage output AC excitation
Variable Demodulation
Differential Linearization
Transformer
(LVDT)

Some of the Common Analog Sensors are shown in Fig.2.3. When choosing the best analog

sensor to use, we must match the characteristics of the physical variable we are measuring with

the characteristics of the sensor. The two most important sensor characteristics are [5]:

(@). The sensor output

(b). The sensor bandwidth
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2.2.4.1 Sensor Output

The output from a sensor can be an analog signal or a digital signal, and the output
variable is usually a voltage although some sensors output current.

(a). Current Signal - Current is often used to transmit signals in noisy environments

because it is much less affected by environmental noise.

Fig. 2.3 Common Analog Sensors and other sensors

The full scale range of the current signal is often eithér 4-20 mA or 0-20 mA. A 4-20 mA
signal has the advantage that even at minimum signal value, there should be a detectable
current flowing.

Before conversion by the analog input subsystem, the current signals are usually
turned into voltage signals by a current-sensing resistor. The resistor should be of high
precision, perhaps 0.03% or 0.01% depending on the resolution of our hardware.

Additionally, the voltage signal should match the signal to an input range of the
analog input hardware. For 4-20 mA signals, a 50 ohm resistor will give a voltage of 1 V for
a 20 mA signal by Ohm's law.

(b). Voltage Signals - The most commonly interfaced signal is a voltage signal. For

example, thermocouples, strain galiges, and accelerometers all produce voltage signals.
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2.2.4.2 Sensor Bandwidth

The bandwidth is given by the range of frequencies present in the signal being measured.
We can also think of bandwidth as being related to the rate of change of the signal. A slowly
varying signal has a low bandwidth, while a rapidly varying signal has a high bandwidth. To
properly measure the physical phenomena of interest, the sensor bandwidth must be compatible
with the measurement bandwidth [23, 24].

We might want to use sensors with the widest possible bandwidth when making any
physical measurement. This is the one way to ensure that the basic measurement system is
capable of responding linearly over the full range of interest. However, the wider the bandwidth
of the sensor, the more we must be concerned with eliminating sensor response to unwanted

frequency components.

2.2.5 Signal Conditioning Unit

Sensor signals are often incompatibie with data acquisition hardware. To overcome this
incompatibility, the sensor signal must be conditioned. The type of signal conditioning required
depends on the sensor- we are using [25]. For example, a signal might have small amplitude and
require amplification, or it might contain unwanted frequency components and require filtering.
Common ways to condition signals include

(a). Amplification

(b).Filtering

(¢). Electrical isolation

(d).Multiplexing

(e). Excitation source

2.2.5.1 Amplification

Low-level — less than around 100 millivolts — usually need to be amplified. High-level
signals might also require amplification depending on the input range of the analog input
subsystem. For example; the output signal from a thermocouple is small and must be amplified
before it is digitized. Signal amplification allows we to reduce noise and to make use of the full

range of our hardware thereby increasing the resolution of the measurement.
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Filtering removes unwanted noise from the sinl of interest. A noise filter is used on

2.2.5.2 Filtering

slowly varying signals such as temperature to attenuate higher frequency signals that can reduce
the accuracy of our measurement. Rapidly varying signals such as vibration often require a
different type of filter known as an antiaiiasing filter. An antialiasing filter removes undesirable

higher frequencies that might lead to erroneous measurements [26].

2.2.5.3 Electrical Isolation

If the signal of interest contains high-voltage transients that could damage the computer,
then the sensor Signals should be electrically isolated from the computer for safety purposes. We
can also use electrical isolation to make sure that the readings from the data acquisition

hardware are not affected by differences in ground potentials.

2.2.5.4 Multiplexing

A common technique for measuring several signals with a single measuring device is
multiplexing. Signal conditioning devices for analog signals often provide multiplexing for use
with slowly changing signals such as temperature. This is in addition to any built-in
multiplexing on the DAQ board. The A/D converter samples one channel, switches to the next
channel and samples it, switches to the next channel, and so on.

Because the same A/D converter is sampling many channels, the effective sampling rate

of each individual channel is inversely proportional to the number of channels sampled.

2.2.5.5 Excitation Source

Some sensors require an excitation source to operate. For example, strain gauges, and
Resistive Temperature Devices (RTDs) require exterhal voltage or current excitation. Signal
conditioning modules for these sensors usually provide the necessary excitation. RTD
measurements are usually made with a current source that converts the variation in resistance to

a measurable voltage.
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Some of the signal conditioning hardware options are display in Fig. 2.4

Modular Signal Conditioning Systems

\Wi-Fi& Ethernet DAQ

Compact FicldPolnt

Integrated Signal Conditioning Devices

PXI Instruments SC Scrles USB-5200 Serles \YI-Fi & Etheenet DAQ

Fig. 2.4 Signal conditioning hardware options

2.3 COMMON TERMS ABOUT DASs

In the line of above, there are some common data acquisitions terms are given below
[19]:

(a). Analog-to-digital converter (ADC)
An electronic device that converts analog signals to an equivalent digital form. The

analog to-digital converter is the heart of most data acquisition systems.

(b). Digital-to-Analog Converter (D/A)

An electronic component found in many data acquisition devices that produce an analog

output signal.

(¢). Digital Input/output (DIO)
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(d).Differential Input (DI)
Refers to the way a signal is wired to a data acquisition device. Differential inputs have a
unique high and unique low connection for each channel.

_ (e). General Purpose Interface Bus (GPIB)
Synonymous with HPIB (for Hewlett-Packard), the standard bus used for controlling
electronic instruments with a computer. Also called IEEE} 488 in reference to defining
ANSI/IEEE standards.

(). Resolution
The smallest signal increment that can be detected by a data acquisition system. Resolution
can be expressed in bits, in proportions, or in percent of full scale. For example, a system
has 12-bit resolution, one part in 4,096 resolutions, and 0.0244 percent of full scale. l

(g).-RS232
A standard for serial communications found in many data acquisition systems. RS232 is the
most common serial communication, however, it is somewhat limited in that it only supports
communication to one device connected to the bus at a time and it only supports
transmission distances up to 15.243m (50 feet).

(h).RS485
A standard for serial communications found in many data acquisition systems. RS485 is not
as popular as RS232, however, it is more flexible in that it supports communication to more
than one device on the bus at a time and supports transmission distances of approximately
1524.39m (5,000 feet).

(i). Sample Rate
The speed at which a data acquisition system collects data. The speed is normally expressed
in samples per second. For multi-channel data acquisition devices the sample rate is
typically given as the speed of the analog-to-digital converter (A/D). To obtain individual
channel sample rate, we need to divide the speed of the A/D by the number of channelé
being sampled.

(j). Single-Ended Ihput (SE)
Refers to the way a signal is wired to a data acquisition device. In single-ended wiring, each

analog input has a unique high connection but all channels share a common ground
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connection. Data acquisition devices have either single-ended or differential inputs. Many

support both configurations.

24 DAQ SPECIFICATIONS

A “typical specification” provides good insight into how the product will perform
because it represents how a vendor expects a product to perform under normal operating
conditions. The comprehensive description of the specifications is intended to make it easier to
interpret and understand the material in our Instrumentation. All specifications représent typical
performance at 25°C unless otherwise noted. All specifications are applicable for all DAQ
products.
(a). Analog Input
(b). Analog Output
(c). Digital I/O
(d). Digital Relays
(e). Timing I/O
(f). Triggers
(g). Excitation
(h). Digital Signal Processor
(i). RTSI

2.5 TYPES OF DASs
DASs may be classified as follows: :
1. On the basis of their Installation [25]
2.. On the basis of their use [26]
2.5.1. On the basis of their Installation
Three general usage types:
(a). Laboratory
(b). Distributed
(c).  Portable
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Laboratory and distributed DAQ systems are normally put in a permanent location as these are
comprised of relatively large or bulky hardware and connect to desktop PCs in some way. These
systems depend upon the PC to access, process, and analyze input data and prepare it for some
type of presentation. Portable DAQ systems, on the other hand, are small, lightweight units that
are easily carried by hand and work with laptops or, even, no computer at all when installed at a
location or site to only record data.

Laboratory and distributed data-acquisition systems. typically adhere to industry-based
packaging standards. For instance, some laboratory systems are mounted in standard 19-inch
racks while distributed systems often use track mountings. A subset of these systems includes a
host computer that accommodates data-acquisition plug-in boards. Portable systems, in contrast,
have no real standardized form they may come in various sizes and shapes, but they are
typically small and light. Further, portable systems are additionally classified as either stand-
alone units or those which connect to a PC. Stand-alone units are self-contained data loggers
and do not need a PC connection to function.

Further, inputs may or may not be isolated, and either single-ended or differential, or
both of the three types, portable systems are gaining a larger market share as the other (legacy)
systems age, and these portable systems are increasingly outperforming them. Further, the new
portable systems can be easily configured for laboratories and distributed systems as well as
portable applications. When considering a data acquisition system to purchase, however, the
most important fuhctional parameters that differentiate them include accuracy, resolution, and

sampling rate [23].

2.5.2 On the basis of their applications
Four types are generally used:
(a). Wireless Data Acquisition Systems
(b).Serial Communication Data Acquisition Systems
(c). USB Data Acquisition Systems
(d).Data Acquisition Plug-in Boards

In detail they may be summarized as follows.
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2.5.2.1 Wireless Data Acquisition Systems

Wireless data acquisition systems can eliminate costly and time consuming
field wiring of process sensors. These systems consist of one or more wireless
transmitters sending data back to a wireless receiver connected to a remote computer.
Wireless transmitters are available for ambient temperature and relative humidity,
thermocouples, RTDs, pulse output sensors, 4 to 20 mA transmitters and voltage
output transducers [13]. Receivers can be connected to the USB or Ethernet port on

the PC as shown in Fig. 2.5 (a).

2.5.2.2 Serial Communication Data Acquisition Systems

Serial communication data acquisition systems are a good choice when the
measurement needs to be made at a location which is distant from the computer.
There are several different communication standards, RS232 is the most common but

only supports transmission distances up to 15.24m (50 feet). RS485 is superior to

RS485 and supports transmission distances to 1524.39 m (5,000 feet) as shown in
Fig.2.5 (b).

iDRX Series Serial Port
Data Acquisition System

Fig. 2.5(a) Wireless DAS Fig. 2.5(b) Serial Communication DAS
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2.5.2.3 USB Data Acquisition Systems
The Universal Serial Bus (USB) is a new standard for connecting PCs to
peripheral devices such as printers, monitors, modems and data acquisition devices.
USB offers several advantages over conventional serial and parallel connections,
including higher bandwidth (up to 12 Mbits/s) and the ability to provide power to the
peripheral device. USB is ideal for data acquisition applications. Since USB
connections supply power, only one cable is required to link the data acquisition

device to the PC, which most likely has at least one USB port as shown in Fig.2.5(c).

OMB-DAQ-3000 Series USB
Data Acquisition Modules

Fig. 2.5 (c) USB Data Acquisition Systems

2.5.2.4 Data Acquisition Plug-in Boards

Computer data acquisition boards plug directly into the computer bus.
Advantages of using boards are speed (because they are connected directly to the
bus) and cost (because the overhead of packaging and power is provided by the
computer). Features provided by the cards can vary due to number and type of inputs
(voltage, thermocouple, on/oft), outputs, speed and other functions provided. Each
board installed in the computer is addressed at a unique Input/Output map location.
The I/0 map in the computer provides the address locations the processor uses to

gain access to the specific device as required by its program as shown in Fig.2.5 (d).
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OME-PCI-1000 Series
Data Acquisition Plug-in Boards

Fig. 2.5(d) Data Acquisition Plug-in Boards

2.6 FUTURE’S DASs

As mentioned previously, USB 2.0 is continuing to see expanding usage in portable
measurement applications. However, other PC bus technologies will also see broad adoption
in future data acquisition applications. One example is the next generation of USB, which
has been announced by Intel and others, and whose specification is currently being finalized.
USB 3.0 is targeted to reach bandwidths up to 10 times the current bandwidth of USB 2.0 by
using two additional high-speed signal pairs. This "superspeed" mode is expected to provide
roughly 4.8 Gbit/s of bandwidth, enabling very high speed I/O streaming. The first
commercial silicon for USB 3.0 is expected in 2009 or 2010.

Wireless is one of the most promising technologies for data acquisition. Wireless
technologies have undergone a consolidation and standardization of technologies similar to
what occurred for plug-in and cabled PC buses. For high-speed continuous transmission,
IEEE 802.11 (Wi-Fi) has seen incredible adoption in mobile computing applications. Maybe
even more importantly for data acquisition applications; vendors have improved the
industrial ruggedness of Wi-Fi products. Additionally, IT requirements have significantly
enhanced the security and reliability of Wi-Fi networks with technologies such as WPA2
data encryption. Today, Wi-Fi access points can be connected to Ethernet-based data
acquisition systems such as NI Compact RIO and NI Compact Field Point. However, the
economies of scale, reliability, and ease of use of Wi-Fi make the technology ripe for

integration into future data acquisition devices [6].
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Future data acquisition devices will continue to leverage and benefit from technology
advancements in the broader computing and consumer electronics industries. Expect to see
continued growth and adoption of USB, more integration of signal conditioning, and added
flexibility with onboard FPGAs — programmable with Softwares — on data acquisition devices.
Looking forward, further granularity and modularity, next-generation bus techndlogies, and
integrated wireless capabilities will help define the data acquisition landscape of the future.

In the same line NASA launches his fully automatic Integrated DAS (The ADAS 5000
gives flight-test and safety engineer’s reliable and accurate real-time data at greatly reduced

maintenance costs. NASA studies put the savings at 20,000 worker-hours per year.) [27, 28].
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CHAPTER-3
EXPERIMENTAL TEST SETUP

3.1 . INTRODUCTION

In this section, we comprise the detail about Experiment test setup; which is situated
in the Hydro Mechanical Laboratory of Alternate Hydro Energy Centre of IIT Roorkee. The
test rig mainly consists of an induction motor coupled with pump which creates the
necessary head and discharge for the turbine. In its suction is a water tank, wherein water is
drawn by the impeller and pumped into a pump; which actually in reverse mode works as
Turbine and called Pump-As-Turbine (PAT). (It acts as a pump depending on the direction
of water flow).The water flow to the turbine can be adjusted by means of a manual control
valve or control by motorised valve. The Generator is coupled to the turbine by means of a
shaft. The generator terminals are in turn connected to load (bulb load) through the feeder

panels. All the sensor/transducers are connected to the various parts of the test rig as

mentioning ahead.

3.1.1 Experimental Test Setup Construction
The experimental test setup picture and schematic is shown in Fig.3.1 (a) and (b). It
consisted an iron fabricated water tank with the capacity of 1.35x1.35x1.6 m.On the right
hand side of the tank there is an induction motor coupled pump which is actually used to
create the required head and discharge for the turbine, which situated on the left hand side as
shown in above Figures. This pump works Pump as a Turbine when rotates in reverse mode.
A 3-¢.415 volt, 50 Hz A.C. generator is coupled to the PAT with the shaft connected exciter.
3-@ bulb load is fed by the 3-¢ supply of generator by means of two feeder panel. The
resistive load of the generator consists of 5 rows of lamps with 3 lamps in each row and they
are arranged such that all the 5 bulbs in each column which are connected to a phase, as the
generator is of three phases all the lamps are accommodated by that system. Fig. 3.2 is an

arrangement of load system which is connected through R, Y, B phases.
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Fig.3.1 (a) Experimental Test Setup Photographs (at Hydro-Mechanical Lab AHEC IIT Roorkee)
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Fig.3.1 (b) Schematic of Experimental Test Setup
3.1.2 Technical Specification of Setup
The technical specifications mainly of Induction motor for water lifting pump,
impeller pump, turbine-generator and load are:
a. Water Lifting Motor

Type: A.C.,3-¢,Induction

Terminal voltage: 415V

Active power: 2 2kW

H.P.:30

Frequency: 50 Hz

Speed: 1500 rpm

Made: Kirloskar

b. Turkice (PAT)
Total head: 32.8 meter
Flow rate: 14.5 liter/sec
Pump input: 8.18kW
Speed: 1450 rpm
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The input pump is a constant speed motor pump of 30 H.P and can produce a

maximum head of 60 meters and maximum flow of 24.0 Ips.

¢. Generator
Type : Synchronous
Terminal voltage: 415V
Reactive power: 12.5 kVA
Active power: 10 kW
Power factor: 0.8
Frequency: 50 Hz
Speed: 1500 rlpm
Excitation: 23.5V DC, 2.32 A
Made: Kirloskar

3.2 MEASUREMENT OF PARAMETERS

In this test setup we have to measure the following parameters:

(1) Electrical Parameters- Voltage (Phase Voltages V| V;, V3), Current (Phase Currents
I b Is), kW, kVAr, kVA, Power factor, Frequency. '

(2) Non-Electrical Parameters- Speed, Temperature of bearing, Pressure (Head),
Discharge, percentage (%) of gate valve opening and Efficiency of the unit.

For measurement purpose we used following instruments:

(a). Ultrasonic Transit Time Flow meter (UTTF)

(b).Power Analyzer

(c). Infrared Tempefature Gun (IRTG)

(d).Pressure Transmitter

(e). Speed Sensor

(f). Motorised Control Valve (Electric Actuator)

(g).Data Acquisition Module (using NI USB 6212 DAC or DAQ card)

(h).PC/Laptop

(1). Variable DC Power Supply

(j). RS232 Connecting Cable (for flow meter output)

(k). NI 6212 USB Cable

(1). Miscellaneous
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(The Details technical specifications, operation, working and application of each equipment

are

33

described in chapter 4, 5, and 6)

BLOCK DIAGRAM OF COMPLETE SETUP

All the instruments we are using give analog output to the module which further

transmitted via USB port with PC/Laptop. The National Instruments (NI) USB 6212 DAQ
card or module is 16 analog inputs (16-bit, 400 kS/s) and 2 analog outputs (16-bit, 250 kS/s);

32 digital I/O; two 32-bit counters with Bus-powered USB for high mobility is used. In our

experimental work we also are having the sixteen analog inputs of all sensors/transducers;

which is further explained as:

(a) Analog Input from Power Analyzer: It is having eight analog input of Voltage
(Phase Voltages V| V3 V3), Current (Phase Currents I; I; I3), kW & GND; which
directly connected to DAQ card.

(b) Analog Input from UTTEF: It is having only single analog input after converting it
into voltage signal; which is directly connected to DAQ card. Transducer gives
output 0-10 V and 4-20 mA, for minimum to maximum discharge for each particular
set.

(c) Analog Input from Pressure Transmitter: It is having only single analog input
after converting it into voltage signal. Two Absolute LD301model pressure
transmitters are used to measure the inlet and outlet pressure of turbine in kg/cm®
which give the necessary head. The output of the transmitter is in 0-20mA.

(d) Analog Input from IRTG: It is having only single analog input after converting it
into voltage signal; which is directly connected to DAQ card.

(e) Analog Input from Speed Sensor: It is having only single analog input; which is
directly connected to DAQ card.

(i‘) Analog Input from Electrical Actuator: A electrically controlled gate valve is
monitored. OQutput ranges 4-20 mA for closed to full open valve position. It is having
only single analog input after converting it into voltage signal; which is directly

' connected to DAQ card.
Finally the DAQ card is connected to the PC/Laptop via USB cable which
readable by means of LabVIEW software. The complete setup connection block

diagram and position of all sensor/transducer is shown in Fig.3.2.
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Fig.3.2 Block diagram and connection of all sensor/transducer of complete setup.
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3.4 DATA REPRESENTATION

LabVIEW (Laboratory Virtual Instrumentation Engineering Workbench) is a
platform and development environment for a visual programming language from National
Instruments. LabVIEW is commonly used fordata acquisition, instrument control,
and industrial automation on a variety of platforms including Microsoft Windows, various
flavors of UNIX, Linux, and Mac OS. LabVIEW is a graphical programming environment
used by millions of engineers and scientists to develop sophisticated measurement, test, and
control systems using intuitive graphical icons and wires that resemble a flowchart.
LabVIEW programs are called virtual instruments, or Vs, because their appearance and
operation imitate physical instruments, such as oscilloscopes and multimeters. LabVIEW
contains a comprehensive set of tools for acquiring, analyzing, displaying, and storing data,
as well as tools to help you troubleshoot code you write.

In LabVIEW, we build a user interface, or front panel, with controls and indicators.
Controls are knobs, push buttons, dials, and other input mechanisms. Indicators are graphs,
LEDs, and other output displays. After you build the user interface, you add code using VIs
and structures to control the front panel objects. The block diagram contains this code. We
can use LabVIEW to communicate with hardware such as data acquisition, vision, and
motion control devices, as well as GPIB, PXI, VXI, RS232, and RS485 instruments.
Demonstration of a few of the controls is illustarted in Fig. 3.3 with front and the block

diagram objects respectively [6].
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Fig. 3.3 A sample LabVIEW program of Tank Simulation, its Front Panel and block diagram

Benefit of LabVIEW over other development environments is the extensive support for

accessing instrumentation hardware. Drivers and abstraction layers for many different types
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of instruments and buses are included or are available for inclusion. These present

themselves as graphical nodes.

3.5 FINAL USER’S PC/LAPTOP DISPLAY OF HTGU IN LabVIEW

With the help of LabVIEW we designed the screen for monitoring of desired
parameters of existing setup, which shown in Fig. 3.4.This screen shows the display for
voltage & current in all three phases, kW, kVA, kVAr, power factor, frequency, discharge,
temperature of bearings, pressure, % of electric valve opening, speed and Power Vs

efficiency Curve and discharge Vs time curve.

¥ IDAS FOR PUMP AS TURBINE GENERA TOR UNIT 2010.vi Front Panel *

P RF Commurscations
> vision

Fig. 3.4 Final User’s display of HTGU in LabVIEW (Front Panel)
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| CHAPTER-4
INSTRUMENTATION & MEASUREMENT FOR TEST SETUP

4.1 INTRODUCTION

As we had discussed in last chapter about the demonstration setup of HTGU and its
technical specification, followed to this in this section we describing the other instruments used
for the required parameters measurement. The equipments included precision and sophisticated
electronic, mechanical and electrical sensors/transducers. Before using them, it should be
mandatory and compulsory to know about their, behavior, specifications, installation, operation

& working and most importantly method of measurement for a particular applicétion.

42 POWER ANALYZER
The Most important device is power analyzér, which can measure all electrical
parameters. It also called clamp on hi tester. It is multiple purpose power testers that can be‘
carrying anywhere. The 3165 clamp on Hi (made by HIOKI) tester is provided all measurement
functions and data processing capabilities. Voltage and current measure is for low frequencies
conventional power meter. Accurate power measurement can be performed over a wide
fréqueﬁcy range from 10 Hz to 20 kHz. The Fig. 4.1 is a HIOKI made power analyzer model
3165. The complete array of data processing functions of this multipurpose power tester makes
it suitable for wide variety of applications, from power line maintenance and supervision to
development tests.
4.2.1 Special Features
It has following features [29]:

(a) Single unit capable of measuring single to multiphése power lines (upto 3d/4 W system)

(b) Allows measurement over wide range of frequencies 10 Hz to 20 kHz.

(c) Wide span of measurement ranges, from 2A to 200A/200 W to 240 kW

(d) Calculates and displays or records apparent and reactive factor, and frequencies.

(e) User selectable scaling, comparator settings, and output(digital/analog or analog only)

(f) Allows real time control of watt hour meter and printer.

(g) Direct reading made possible by the CT and PT ratio multiplication function.

(h) Built in RS-232dinterface. |
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Fig. 4.2 Clamp on Hi Tester (HIOKI 3165) Rear panel

(a) Voltages, currents of three phases as well as Kilowatt total seven parameters output

available on the back panel is Shown in the Fig. 4.2.
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4.2.2 Analog Output
Voltage (V; to V3), current (A; to A;) and active power (W) can be obtained
simultaneously as analog outputs.

(a) Output terminals are on the back panel.

(b) Output level is equal to DC 2V/f.s with regard to eéch range. (1-V output is obtained
when measuring a 200-V line in the 400-V range and a 0.5-V output is obtained when
measuring a 50-A line in the 200-A range.)

. (c) The analog terminals are not affected at all by display processing (e.g. HOLD,
AVERAGE, etc)

(d) Output impedance of these output terminals is 1Q or less.

4.2.3 D/A Output
Similarly, it can give the following D/A outputs:
(a) This function supplies an analog output of data calculated by digital processing.
(b) One of the following data can be selected for output: average voltage (*V),
(c) Power factor (pf), apparent power (VA). Reactive power (VAR), and frequency (f).
(d) Output rate is DC 2 V/f.s. Negative output is not possible.

4.3 ULTRASONIC FLOW METER

4.3.1 Ultrasonic Transit-Time Flow Meter (UTTF) Principle

A typical transit-time flow measurement system utilizes two ultrasonic transducers that
function as both ultrasonic transmitter and receiver. The flow meter operates by alternately
transmitting and receiving a burst of sound energy between the two transducers and measuring
the transit time that it takes for‘ sound to travel between the two transducers. The difference in

the transit time measured is directly and exactly related to the velocity of the liquid in the pipe.
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Fig. 4.3(a) Ultrasonic Flow measurement basic theory in a pipe
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Fig. 4.3(b) Ultrasonic Flow measurement basic theory in a pipe [30]

Pair of transducers are placed on the pipe wall, each having its own transmitter and receiver,
one for the upstream and the other for the downstream. The time for sound waves to travel
from the upstream transducer to the downstream transducer is shorter than the time it
requires for the same sound waves to travel from the downstream to the upstream. Acoustic
waves travel time difference is directly proportional to the flow velocity.

Let's assume that T, is the transit-time (or time-of-flight) of a sound pulse traveling
from the upstream transducer A to the downstream transducer B, and T, is the transit-time
from the opposite direction, B to A as shown in Fig. 4.3(a) & (b). The following equations
hold:
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T, = (D/sing)/(c + V* cos q) | (4.1)
T,= (D/sinq)/ (c-V*cos q) 4.2)
Where c is the sound speed in the liquid, D is the pipe diameter and V is the flow velocity

averaged over the sound path. Solving the above equations leads to

V= (D/sin2q) * AT/ (T 1* Ty, | (4.3)

Where AT = T, — T>. Therefore, by accurately measuring the upstream and downstream transit-
time 7; and 7T,, we are able to obtain the flow velocity V. Subsequently, the flow rate is

calculated as following,

0 =K *4* V, (4.4)

Where A is the inner cross-section area of the pipe and KX is the instrument coefficient. Usually,
K is determined through calibration.

.From equations (4.3) and (4.4), we see that the measurement results, ¥and Q, are
independent of ‘ﬂuid properties, pressure, temperature, pipe materials, etc. The sound speed term
does not appear in the final equations. These characteristics, plus large turn-down ratio, no
pressure drop, no moving parts, no disturbance to the ﬂow and many other features, make

ultrasonic transit-time flow meter extremely attractive [31].

The transducers come with two types:
1. Clamp-on type
2. Wetted type
(a) Insertion type and
(b) Flow cell (or spool piece) type

4.3.2 Instruments Function

This measures the flow rate of acoustically conductive single-phase fluids. This includes
most clean liquids, sewage, some slurries, some oil/water mixtures, and liquids with ‘a small

percentage of entrained gas bubbles. The flow meter provides one linear (0/4-20 mA ) analog
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output of flow velocities or volumetric flow rate of these fluids, measuring velocities from

+0.03 to £12 m/sec, along with one selectable frequency output or pulsed totalize output.

433 Electrical Connections

Before making measurements with the PT878, we must make all the necessary
connections to the unit. This section describes how to connect the following:
(a) Power
(b) Transducers
(c) Input/Output
(d) Infrared Interface

Make all connections to the top of the PT878 unit as shown in Fig. 4.3 (c) below. We
only need to make the proper power and transducer connections. The other connections are

required for particular functions, but are not necessary for basic operation.

Upstream  pownstrean
: - |

Transceiver

Fig.4.3(c) UTTF Rear Output Terminals

(a) Power Conhections

The PT878 is powered by either a 100-120/200-260 V AC wall mount plug-in
module, or by 5 internal Cs-size NiCad high energy rechargeable batteries or by a pack

of 3.0 Ahr NiMH batteries. (An optional power supplement, part #703-1283, uses 6 AA
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-alkaline batteries.) When we receive the PT878, the batteries are not charged; therefore,

to make remote measurements using the batteries.
(b) Transducer Connections

The transducer cables connect to the PT878 with LEMO coaxial type connectors.
Each color—coded cable should have a collar labeled UPSTREAM or DOWNSTREAM.

Make transducer cable connections to the top of the flow meter as shown in Fig 4.3(c).

(c) Input/output Connections

The PT878 provides one 0/4-20 mA current output and two 4 to 20-mA analog
inputs with switchable 16-V supply for loop powered temperature transmitters. It also
supports digital, frequency, and totalize outputs. Connect the inputs/outputs using a
LEMO® multi-pin connector as shown in Fig. 4.3(c), the pin numbers for the connector

and the color code for the standard input/output cable are shown in Table 4.1.

Table 4.1 Connecting wires coding

Pin number Wire color Description
1 Black Analog Out
2 Red 16 V (switched)
3 White Supply or Return Temperature (Input A)
4 Yellow Supply or Return Temperature(Input B)
5 Green Analog Ground
6 Orange Digital Output (frequency output, pulse totalizer,
diagnostic output or calibration gate)
7 Blue Digital Ground
8 Violet Receive Monitor
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4.3.4 Installation Using The Magnetic Clamping Fixture (MCF)

The magnetic clamping fixture is used to fasten transducer to the pipe at proper
spacing without chains or straps. Different fixtures are used for a single and double traverse
installation. Each type of MCF has magnets placed in the two blocks at either end of the
fixtures. When the magnets are turned ‘ON’, the fixture magnetically “clamps” to the pipe

wall.

4.3.4.1 Installation of Magnetic Clamp Fixture

The transducers can be mounted in three ways: Z-method, V-method and W-method.

With Z-method as shown in Fig.4.3 (d).

Z-Configuration V-Configuration

W-Configuration

Fig.4.3 (d) Installation configuration of MCF Transducers
The double Traverse MCF consists of two blocks connected but two rods. One block is

permanent while the other block may be adjusted. This type of fixture has two transducer

blocks and like the magnetic blocks, one is fixed while other is adjustable.
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The procedure for mounting the MCF involves setting the transducer spacing and then securing
the fixture to the pipe. To set the spacing for the transducers, we need to obtain the spacing
dimension S, which the flow meter automaticalrly calculates from the user-entered pipe and fluid
parameters. Following are the steps for mounting the MCF:

1. The location we has chosen for the installation should at least 10 pipe diameter of
straight, undisturbed pipe upstream and 5 pipe diameters downstream of the
measurement point.

2. The pipe where we intend to place the clamping fixture should clean and free of loose
material.

3. Obtain the transducer spacing dimension S. Using the scale on the rod, move the
adjustable block to the specified location. To move the block, loosen the red thumb
screws, slides the block to the desired location and tighten the thumb screws. Use the
pressure bolt or the edge of the block as the measuring point for the block.

4. Locate the magnetic block at least 4 inch away from the transducer blocks. This will
ensure that there is enough clearance to mount the transducer in the blocks. Move the
adjustable block in the same manner as the transducer block.

5. Position the clamping fixture along the horizontal plane of the pipe. If the pipe is
horizontal, do not place the fixture on the top or bottom

6. Turn the switches on each magnet to the ON position
Fig. 4.3 (e) shows the installation of Magnetic clamp fixture and transducer installation

followed by all necessary steps [31].
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Figure 4.3 (e) Inétallation of Magnetic Clamp Fixture
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4.3.42 Mounting Transducer into MCF

1.
2.

Before mounting, we may choose to connect the cables to the transducers

Take one of the transducer and apply a thin bead of couplant down the centre of its face
approximately the size of a toothpaste bead.

Determine the upstream and downstream directions of the pipe and place one of the
transducers into one of the blocks. Make sure the transducer cable connector faces away
from the centre of the installation.

Use the pressure bolt to secure the transducer in placé. The pressure bolt should fit into
the dimple. Hand-tighten enough to hold the transducer in place. Do not over tighten so
that the fixture lifts off the pipe

Repeat steps 1-4 to mount other transducer in the remaining block.

If not already done, connect the other end of the transducer cable to the appropriately
marked connector on the flow meter unit.

Fig 4.3 (f) shows the single and double traverse installation of transducer.

[iiq@f\:&?f'| — |%§@L

—_ ____]l - _— B

Single-Traverse Installation

Fig.4.3(f) Mounting of transducer into MCF
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4.3.5 Mounting Mode

In our experimental setup we mount the UTTF in Reflect mounting modes as shown in

Fig. 4.3(i). The flow computer recommends a mounting mode after analyzing your pipe and

liquid data entries. The transducer mounted in the reflect mode and direct mode are as shown in

. the Fig.4.3 (g) and (h) below.

UPSTREAM DOVNSRTEAM
TRANSDUCER TRANSDUCER
\ Pipe /
v v
. FLOWS
SONIC PATH //

Fig. 4.3 (g) Reflect mount for Clamp-on transducer on same side of the pipe

UPSTREAIR

TRANSDUCER \

/ Pipe

SONIC FLOW

DOWNSTREANN o

TRANSDUCER

Fig.(h) Direct mount for Clamp-on transducer opposite

side of the pipe

There are two modes one is the reflect mode and the other is the direct mode, in the direct

mode the transducers are mounted opposite to each other

on the same pipeline. The

advantage of having reflect mode is that it resists the abnormal flow conditions such as

cross-flow within the flow stream and also it may not be always possible to go for direct

mount as accessibility to other side of the pipe line is not possible in all situations.
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Fig.43.(i) Reflect mount on position for Clamp-on transducer for HTGU

4.3.6 Configuring the Flow Meter With Pipe Data

The following site data is to be entered into the flow meter when prompted to do so.

Pipe table parameters:
Pipe class: ASA Stainless steel
Pipe name: 1RS 10
Outer diameter: 1.315 inches
Wall thickness: 0.109 inches
Liner material: none
Liner thickness: 0.0
Transducer type:
Transducer model: 1010 Universal

Transducer size: C2
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Transducer mount mode: reflect
Spacing offset: minimum

Number index: 13

Spacing method: Spacer bar
Application data

Liquid class: Water 20°C/68°F
Temperature range: -40°C t0120°C

After feeding this data the flow meter prompts the user if Install completed? If yes then it

calculates the spacing between the transducers, it is 5.2 mm in this case.

4.4 INFRARED THERMOMETER

Infrared thermometer is a non contact thermometer. The OS530E/OS520E series is
Handheld Infrared (IR) (made by OMEGA). Thermometers provide non-contact temperature
measurements up to 4500°F. Fig. 4.4 (a) is an infrared non contact thermometer and in Fig. 4.4
(b) is the right side view of the thermometer as well as left side view of the thermometer. They

offer effective solutions for many non-contact temperature applications, including the following:

(a) Predictive Maintenance: Tracking temperature shifts which indicate pending failure
in solenoid valves.

(b) Energy Auditing: Locating wall insulation voids to reduce building heating costs.

(c) Food Processing: Taking accurate temperature readings without direct contact with
the food or packaging material.

(d) The IR thermometer provides information at a glance the custom backlit dual digital
LCD displays both current and -‘minimum, maximum, average or differential
temperatures.

(e) Also measures target distances from 5 inches to approximately 100 feet

(f) Emissivity adjustable from 0.1 to 1.00 in 0.01 steps provides ease of use when
measuring a variety of surfaces.

(g) Built-in Laser sighting in Circle & Dot configurations.

(h) Thermocouple input available.
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(1) Distance Measurement available, either field mountable or built in.

(J) Digital/Video Camera Option available

S _ R
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(Optional)
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Bool f ‘

N 4 Display
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. 9 2 . Boot
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Power
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Battery
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Door
Wrist
St
Tripod S
Mount 'l‘

Fig. 4.4(a) Infrared thermometer non contact

(k) An electronic trigger lock feature set via the keypad allows continuous temperature

measurement up to 10 times per second.

(I) Audible and visual alarms. The high and low alarm points are set via the keypad

(m)1 mV per degree (°F or °C) analog output, which allows interfacing with data

acquisition equipment (including chart recorders, data loggers and computers).

OS524E (OMEGA) provides 0.5 mV/Deg.
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(n) Last temperature recalls (Hold).

(o) Backlit display useful in low ambient light conditions.

Laser

Dot/Circle
Switch

Laser
Beam
Aperture

Fig.4.4 (b) Right Side View of the Thermometer Left Side View of the thermometer

(p) Powers from 4 AA size batteries or an ac adapter.

(q) RS232 serial communication to a PC or printer. This allows downloading data for
further analysis.

(r) Ambient target temperature compensation. This provides more accuracy for
measuring low emissivity targets.

(s) Record up to 800 temperature data points. Review the recorded data on the

thermometer LCD, as well as downloading the data to a PC [32].
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4.4.1 Working of Infrared Thermometer

Heat is transferred from all objects via radiation in the form of electromagnetic waves or
by conduction or convection. All objects having a temperature greater than absolute zero (-
273°C, -459°F, 0 K) radiate energy. The thermal energy radiated by an object increases as the
object gets hotter. Measurement of this thermal energy allows an infrared thermometer to
calculate the object’s temperature if the emissivity (blackness) is known.

Generally, it is convenient to measure the amount of radiated energy in the infrared part
of an object’s radiation spectrum. Fig. 4.4 (c) shows a block diagram of an infrared radiation
thermometer. Energy from the object is focused by the lens onto the detector. As the detector
heats up, it sends out an electrical signal, which in turn is amplified and sent to the circuitry of
the thermometer. The thermometer software then calculates the temperature of the object. Fig.

4.4 (c) is the block diagram of Infrared thermometer.

LE{I\\IS
OBJECT
ANIPLIFIER U
DETECTOR
THERMOMETER ' OR
CIRCUITRY AND >

DISPLAY

SIGNAL OUTPUT TO SERIAL PRINTER
OR PERSONAL COMPUTER

Fig. 4.4 (c) Infrared Thermometer Block Diagram

4.4.2 Calculation of Temperature

The net thermal power radiated by an object has been shown to depend on its emissivity,
its temperature and that of the ambient temperature around the object. A vefy useful equation
known today as the Stefan-Boltzmann Law has been shown both theoretically and empirically to

describe the relationship.
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I=¢eo(T-T.)
Where,
I = thermal power in watts/meter?
€ = Emissivity
6 =5.6703 x 10™® watts/meter>x K* (Stefan’s constant)
T = temperature of object in Kelvin

T, = temperature of ambient surroundings in Kelvin

The infrared thermometer uses this equation directly in calculating the temperature of an
object. The incident power is measured by the infrared detector. The emissivity of the object is
determined by the user. The ambient temperature is measured by a sensor inside the
thermometer. With all quantities known, the thermometer uses the Stefan-Boltzmann Law to

calculate and output the temperature of the object [32].

4.5 SMART PRESSURE TRANSMITTER

The SMAR made Smart transmitter is used for the measurement of pressure inlet of the
turbine. The SMAR made Absolute pressure Transmitter is used for the measurement of Inlet

and Outlet head of the turbine as shown in Fig. 4.5 (a).

4.5.1 Principle of Operation

The SMAR transmitter model LD301 uses, as its measuring principle, the well known
and field proven technique of capacitance sensing, enhanced by microprocessor based
electronics [7]. Designed for process control applications, these 2-wire transmitters generate a 4-
20 mA signal proportional or characterized to the applied differential pressure. This signal can
be transmitted over a pair of twisted wires through long distances (limited only by the wire
resistance and load). Digital communication for remote calibration and monitoring is also
provided, superimposing a digital signal on the same pair of wires that carries the 4-20 mA

signals. Fig. 4.5 (b) is diaphragm of Smart Transmitter [33].

54



Fig. 4.5(a) SMAR made LD 301 absolute Pressure Transmitter with Turbine Inlet & Outlet
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Fig. 4.5 (b) Diaphragm of Smart Transmitter [33]
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4.5.2 Construction & Working

The transmitter consists of two main parts. The sensor (a capacitance variation cell)
and the electronic circuit. The sensor is schematically shown in the Fig. 4.5 (b) a sensing
diaphragm (1) is shown at the center of the cell. This diaphragm deflects, as a result of the
difference between the pressures applied to the left and right sides of the sensor. These
pressures are directly applied to the isolating diaphragms (2) that provide isolation and
resistance against process fluid corrosion. The pressure is transmitted to the sensing
diaphragm through the filling Fluid (3). The sensing diaphragm is also a moving capacitor
plate. The two metalized surfaces (4) are fixed plates. The sensing diaphragm deflection
results in a variation on the capacitances between the moving and fixed plates. Fig 4.5 (¢)

sensor assembly as well as associated electronics.

Sensor Assembly Main Processor Assembly

PRESSURE ELECTRONIC
SENSOR PC3
PH
g PROCESSING UNIT .
s =
b o b SPECIAL RUNCTIONS
— 20 mA
P

CONVERTER

Fig.4.5 (c) Sensor assembly and associated Electronics[33]

The Electronic Circuit measures the variation of the capacitance between the moving and
fixed plates, and generates a 4-20 mA signal, that can be proportional to the differential
pressure applied or characterized (square root, special function, etc.) to it. Being
microprocessor based, the electronic circuit is extremely versatile and accurate. Transmitter

performance is improved
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by continuous monitoring of the sensor temperature and corresponding corrections. The
transmitter can also operate as a combination of transmitter plus controller. In this case, the 4-20
mA signals is used as the output of a PID control function which is optional, while the digital

signal may be used for remote monitoring and operation.

4.5.3 Features

(a) 0.075% Accuracy

(b) 120:1 Rangeabilty

(c) Direct digital capacitance sensing (No A/D conversion)

(d) 4-20 mA output and direct digital communication (HART Protocol)
(e) Remote and Local calibration

(f) Online and offline programming

(g) Password protection

(h) Multi-drop operation mode

(i) Optional 4-1/2 digit numerical and 5 character alphanumerical LCD indicator
(j) Capable of handling most process fluids

(k) Explosion and weather proof housing

(1) Optional PID control function

(m) User selectable units

(n) Constant Signal generation for loop lest.

4.5.4 Electrical Connections

There are two different types of terminals i.e. the terminals and the communication
texrminals that allow respectively measuring the current in the 4-20 mA loop without opening
and communicating with the transmitter.

To measure it connect a multimeter in the mA scale in the— and + terminals and to
communicate we can use a HART configuration in “COMM?” and “-* terminals. Fig. 4.5 (d) &

(e) shows how the connections are made.
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Fig. 4.5 (e) Rear Transmitter terminal

It is made sure that the transmitter is in the operating area.. It is understood that Communication
requires a minimum of 25002 resistor.

Care should be take to make sure that power supply is sufficient whén many transmitters

are connected as the voltage drop across the load resistance would be high.

58



4.5.5 Mounting and Calibration of Absolute Pressure Transmitter

A chamber is welded on one side of the sensor and then vacuum sealed. Pressure is
applied to the other side of the sensor. The mounting of an absolute pressure transmitter is
simpler compared to a D.P transmitter. Here the only thing to be taken care of is the height
above or below which the transmitter is mounted with respect to the point of Head
measurement, usually it is mounted in line with that the pipe carrying the fluid, this is due to the
fact that a small error depending on the head above or the pressure tapping point makes a small
difference which is usually negligible for high head applications.

For water as fluid the head of 10 meters is equivalent to an absolute pressure of 1

kg/cm?.

4.5.6 Calibration Inlet head Transmitter
The pump produces a maximﬁm head of 40 meters i.e. 4 Kg/cm?. A transmitter with a range
of 0 to 10 Kg/cm? is available.
Calibration without reference method is used wherein the working range of the
transmitter is adjusted from 0 to 5 Kg/cm? so that 4 mA is transmitted corresponding to 0

Kg/cm? and 20 mA is transmitted corresponding to 5 Kg/cm? is used.

4.6 MOTORISED CONTROL VALVES

The AVCON MV 5512A/B 2/2-Way Motorised Control Valves with Electric Actuator is
used most commonly for either ON/OFF or control services [34]. Fig. 4.6 (a) various view of

Electric valve actuator.

4.6.1 Principle and Operation

An electrical actuator is basically an On-Off type controller which is operated with the
conventional 230V, 50Hz supply. It is connected to a Globe valve whose stem is connected to
the actuator so that when the actuator is powered then the valve opens or closes until the supply
is fed.
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Fig. 4.6 (a) Motorised Control Valve with Electric Actuator various view

The actuator has two limit positions based on the two limit switches; one is called the open
limit switch and other close limit switch. These two limit switches limit the operation of the
motor until two extreme positions the valve can move i.e. Full open and Full close position.
This is done by means of open and close limit switches which have normally open (NO) and
normally closed (NC) contacts, the supply to the motor of the actuator is routed through the

NC contact. So whenever the valve reaches the predefined extreme limits then either the

Open/Close
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limit switch is activated or the supply through the NC contact is cut off as this contact changes
to NO. In this way the valve is operated either in the forward or reverse direction to open or

close the valve respectively.

4.6.2 Electrical Connections

The actual electrical connections of the manufacturer are as shown in Fig. 4.6 (b) below
[34].This Electrical cénnection pertains to the 4-20 mA servo-controls for the actuator wherein
the 4 mA corresponds to full close and 20 mA corresponds to the full open position. Due to the
improper operation of the 4-20 mA controller the wiring diagram has been modified after
completely removing the servo-controller.

The modified connection diagram of the actuator is shown in Fig 4.6 (c).
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Fig. 4.6 (b) Actual Electrical connections

4.6.3 Tuning and Adjustment
The tuning and adjustment is nothing but setting the actuator to be driven within the
open and close limits. The following are the steps to be carried out:
(a) At first the valve is bought to the two extreme conditions. At one extreme the resistance
of the variable point 6 in the potential divider with respect fixed point 7 is found to be 90

ohms at full close position.

61



(b) At another extreme the resistance of the variable point 6 in the potential divider with
respect fixed point 7 is found to be 430 ohms at full close position.

() A2V DC source is connected to the fixed POT terminals 7 and 8 and respective voltages
at the two extreme voltages are measured, this voltage is further used for online

indication of valve position using LabVIEW.

Potendial divider

8 | Ferminal block:

2 |(a|s

| , 6|7 _
. _ to moidule 2V DC supply
OPEN CLOSE Hewhral ‘
wh) ([(Ph) '
to motor

Fig. 4.6 (c) Modified electrical connections

(d) Manually get the valve to the middle position, connect the phase Supply to the terminal 1
and neutral to 3 and check whether the valve is opening. Also check whether the open
limit switch is working in the extreme condition i.e. the motor of the actuator should stop
automatically when open limit switch acts.

(e) Now connect the phase supply to the terminal 2 and neutral to 3 and check whether the
valve is closing. Also check whether the élose limit switch is working in the extreme
condition i.e. the motor of the actuator should stop automatically when close limit switch
acts.

() The Limit switch positions on the actuator should not be disturbed otherwise the valve

may be damaged or the actuator motor winding may burn out.
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4.7 SPEED SENSOR

4.7.1 Optoelectronic Speed Sensor

(a) Slotted Disc: A slotted disc fabricated with brass having an outer diameter of 21cm
and it has 60 tooth is used. This disc is mounted on the generator shaft whose speed
is to be measured. As the generator shaft rotates the disc also rotates with the same
rpm [35].

(b) Optocoupler MOC7811/TCST2103: The speed sensing is done using optocoupler
MOC7811/TCST2103. It has a LED on one side and a phototransistor on the other
side. The placement of the sensor is such that the movement of the disc interrupts the
light path between the two. Since the disc is slotted the rotation of the disc causes the
interruption of light at time intervals proportional to the speed of the generator. Fig

4.7 (a) shows the schematic of sensing speed [35].

. 570 ohms$

H

> 10k ohms

< PHOTO " I
. LED _Z =% |\ TRANSISTOR |

MOC7811

Fig. 4.7 (a) Optoelectronic Speed Sensor MOC7811/TCST 2103
LED current should be in the range of 5 mA to 10 mA. Therefore a series resistance of

570Q2 is placed and on phototransistor side a 10K resistance. Fig.4.7 (b) shows the

picture of speed sensor assembly in experiment setup.
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Fig. 4.7(b) Photograph of Speed Sensor and Disc

4.7.2  Signal Conditioner for Speed Sensor

The output of the speed sensor is a distorted square wave and hence signal
conditioning is necessary to get a perfect square wave. In order to do this LM339 i.e.
quad differential comparator is used. The output is open collector type and hence a
resistance of 10k is connected to the O/P terminal via 5V supply.

LM339 is preferable because its output is TTL compatible and is easy for
interfacing with the frequency/counter module. Fig. 4.7(c) is circuit for signal
conditioning for speed sensor. The output of the LM339 is connected to an 741 op-
amp in order to avoid loading by the frequency/counter module the o/p is then
connected to 7080 frequency/counter module to measure the frequency of the square
waves generated The frequency is nothing but the pulse count per sec or rpm of the

generator.
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Fig.4.7 (c) Signal Conditioner for Speed Sensor
This count when divided by 30 gives the frequency of the generator. The output count of the

speed sensor is compared with that of the count obtained by multiplying the frequency of the

generator as obtained from the Incomer panel by 30.
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CHAPTER-5
IDAS FOR HYDRO TURBINE GENERATOR UNIT (HTGU)

5.1 INTRODUCTION

To optimize the use of new technologies and to take high performance of all
sensors/transducers and other instruments, with high precision and accuracy, easy-to-use and
portable in size, we use a new innovations from National Instruments, USB based Data
Acquisition module; which is USB NI 6212.USB has evolved into a core bus of choice for
measurements and automation applications. This module enables sustained bi-directional high-
speed data streams on USB. This is a multifunction DAQ device for USB are optimized for
superior accuracy in a small form factor. In this section attempt is made to familiar with this

DAQ device which is use in our experiment.

5.2 NIUSB 6212 DATA ACQUISITION MODULE

The National Instruments USB-6212 is a bus-powered USB M Series multifunction data
acquisition (DAQ) module optimized for superior accuracy at fast sampling rates. It offers 16
analog inputs; 400 kS/s sampling rate; two analog outputs; 32 digital I/O lines; four
programmable input ranges (+0.2 to £10 V) per channel; digital triggering; and two
counter/timers [36]. _

The NI USB-6212 is designed specifically for mobile or space-constrained applications.
Plug-and-play installation minimizes configuration and setup time, while direct screw-terminal
connectivity keeps costs down and simplifies signal connections. This product does not require
external power.

USB-6212 also features new NI signal streaming technology, which gives you DMA-
like bidirectional high-speed streaming of data across the USB bus. NI-DAQmx driver and
measurement services software provides easy-to-use configuration and programming interfaces
with features such as DAQ Assistant to help reduce development time. The pictorial view of
this DAQ is shown in Fig. 5.1 (a).

In addition to LabVIEW Signal Express, M Series data acquisition devices are

compatible with the following versions (or later) of NI application software — LabVIEW 7.1,
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Lab Windows™/CVI 7.x, or Measurement Studio 7.x. M Series data acquisition devices are

also compatible with Visual Studio .NET, C/C++, and Visual Basic 6.0 [37].
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Fig. 5.1 (a) NI USB 6212 Data Acquisition Module

5.2.1 Specifications

NI M Series bus-powered multifunction data acquisition (DAQ) devices for USB are
optimized for superior accuracy in a small form factor. They provide an onboard NI-PGIA 2
amplifier designed for fast settling times at high scanning rates, ensuring 16-bit accuracy
even when measuring all available channels at maximum speed. All bus-powered devices
have a minimum of 16 analog inputs, digital triggering, and two counter/timers. USB M

Series devices are ideal for test, control, and design applications including [37]:

(a) Portable data logging — log environmental or voltage data quickly and easily
(b) Field-monitoring applications
(¢) Embedded OEM applications

(d) In-vehicle data acquisition

(e) Academic lab use — academic discounts available
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The important technical specification of this DAQ card is as follows:

A. GENERAL

B.

Product Name

Product Family

Form Factor

Operating System/Target
DAQ Product Family

Measurement Type

ANALOG INPUT
Channels
Single-Ended Channels
Differential Channels
Resolution

Sample Rate

Max Voltage

- Maximum Voltage Range

Maximum Voltage Range Accuracy
Maximum Voltage Range Sensitivity
Minimum Voltage Range

Minimum Voltage Range Accuracy

Minimum Voltage Range Sensitivity

ANALOG OUTPUT

Channels

Resolution

Max Voltage

Maximum Voltage Range
Maximum Voltage Range Accuracy

Minimum Voltage Range
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USB-6212

Multifunction Data Acquisition

USB
Windows
M Series

Quadrature encoder , Voltage

16,8

16

8

16 bits

400 kS/s
10V
-lI0V,10V
2.69 mV
91.6 pV
-200 mV , 200 mV
0.088 mV
4.8 uV

2

16 bits
10V
-0V, 10V
3.512mV
-10V,10V



Minimum Voltage Range Accuracy 3512 mV

Update Rate 250 kS/s
Current Drive Single 2mA
Current Drive All 4 mA

D. DIGITAL 1I/0

Bidirectional Channels 32
Input-Only Channels 0
Output-OnIy Channels 0

Number of Channels 32,0,0
Timing | ~ Software
Logic Levels TTL
Supports Handshaking [/O? No
Supports Pattern I/O? No
Maximum Input Range 0v,525V
Maximum Output Range 0vV,38V

E. COUNTER/TIMERS

Counters 2

Buffered Operations Yes

GPS Synchronization No
‘Maximum Range 0v,525Vv
Max Source Frequency 80 MHz
Pulse Generation - - Yes
Resolution 32 bits
Logic Levels TTL

Length 16.9 cm
Width 9.4 cm
Height - 3.dcm

/0O Connector Screw terminals
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F. ENVIRONMENTAL

Operating temperature 0to 45 °C

Storage temperature -20to 70 °C

Humidity 10 to 90% RH, noncondensing
Maximum altitude 2,000 m

G. BUS INTERFACE
USB Hi-Speed USB or full-speed USB
NI signal streaming 4 high-speed data streams; can be used for
analog input, analog output, counter/timer
0, counter/timer 1
H. POWER REQUIREMENTS
USB Input voltage on USB-621x
USB port 4.5 to 5.25 V in configured state
Caution: Do not exceed 16 mA per DIO pin

5.2.2 1/O Channel Diagram of Module

Fig.5.1 (b) shows the connection pin out diagram of NI USB 6212 module, it has 15 to
32 analog input channels with one sense input (pin No.23) and one Ground pin (pin No.28) All
the sensor analog inputs are connected to these pins with one channel is ground as common

point,

NATIONAL
INSTRUMENTS"

CH+

Vsig

CH—

Fig. 5.1 (b) Sample Connection Diagram for Analog Inputs
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Similarly the given below Fig.5.1 (c) shows the detail of all pin on Left side of the module.
For a detailed description of each signal, refer to the I/O Connector Signal Descriptions in

Appendix C.

PFl 0/P1.0

PFI 1/P1.1 il
Ml 2/W1.2

PFI a/P1.3 Il |
D GND

PFI 4/P1.4 '
PFl 5/P1.5

PFI 8/P1.8 ||
PFI 7/P1.7

+5 WV [
D GND

AO 0 |
AQ 1

AO GND |
Al O

Al 8 II

Al 1

Al 9 | |
Al 2

AlL10 [
Al 3

Al 11 | ]
Al SENSE

Al 4 |
Al 12

Al 5 [ ]
Al 13

Al GND i
Al 6

Al 14 Il
AT

H>_

Fig.5.1 (c) Pin out diagram of NI USB 6212 module (with Digital I/O and Analog Inputs)
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5.3 Connections of Module with HTGU’s Sensors

The detail connection diagram has been discussed and shown in chapter 3 in Fig.3.2.In
this section we are describing connection of sensors analog inputs to the module and its channel
identification. Table 5.1 shows the detail of all sensor analog input to the module’s channels

used in our demonstration experimental setup for HTGU.

Table 5.1 Setting of the Sensors Analog Input to 6212 module’s channels

6212 MODULE PIN NO. /
S.NO. | SENSORS NAME & ANALOG INPUT
CHANNELNO.
1. | Generator Qutput via Power Analyzer
Phase Voltages V;, V,,V; (3 Input) 20,21,22
Phase Currents I, I5, I4 (3 Input) 17,18, 19
Power W (1 Input) 23
Frequency Hz (1 Input) 16
Ground GND 28
2. | Pressure Transmitter
Inlet Head Analog input (1 Input) 27
Outlet Head Analog input (1 Input) 29
Ground 28
3. | UTTF Flow Meter
1 Analog Input 26
Ground 28
4. IR Temperature Thermometer
1 “Analog Input 25
Ground 128
S. | Motorised Control Valve
2 Analog Input 31,32
Ground 28
6. | Optoelectronic Speed Sensor
1 Analog Input 24
Ground 28
7. | USB PORT Female on DAQ (Port for USB Male Port to PC/Laptop via NI
Connector Cable) USB Connector Cable
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CHAPTER-6
VIRTUAL INSTRUMENTATION USING LABVIEW

6.1 INTRODUCTION

LabVIEW is designed to simplify programming scientific computation, process control,
and test and measurement applications. Unlike the traditional instrumentation modern
instrumentation systems include computers, microcomputer, which provides more efficient
control of instruments, automatic data acquisition, extensive data analysis capabilities.
LabVIEW programs are called virtual instruments, or Vls, because their appearance and
operation imitate physical instruments, such as oscilloscopes and multimeters. LabVIEW
contains a comprehensive set of tools for acquiring, analyzing, displaying, and storing data, as

well as tools to help you troubleshoot code you write.

In LabVIEW, you build a user interface, or front panel, with controls and indicators.
Controls are knobs, push buttons, dials, and other input mechanisms. Indicators are graphs,
LEDs, and other output displays. After you build the user interface, you add code using VIs and
structures to control the front panel objects. The block diagram contains this code. You can use
LabVIEW to communicate with hardware such as data acquisition, vision, and motion control
devices, as well as GPIB, PXI, VXI, RS232, and RS485 instruments [37, 38].

6.2 LABVIEW Vs VIRTUAL INSTRUMENTATION

LabVIEW is an integral part of Virtual Instrumentation because it provides an easy-to-
use application development environment designed specifically with the needs of engineers and
scientists in mind. LabVIEW offers powerful features that make is easy to connect to a wide
variety of hardware and other software. Hence, finally some of the chief features of Virtual

Instruments can be summarized as:

(a) Graphical Programming

(b) Connectivity and Instrument Control
(c) Open Environment

(d) Reduces Cost and Preserves Investment

(e) Multiple Platforms
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() Distributed Development

(g) Analysis Capabilities

(h) Visualization Capabilities

(i) Flexibility and Scalability - Key Advantages

6.3 BASIC CONCEPTS OF LABVIEW

LabVIEW Software is the most important component of virtual instruments. With the
right software tool, engineers and scientists can efficiently create their own. Every VI uses
functions that manipulate input from the user interface or other sources and display that
information or move it to other files or other computers

As suggested above, there are two “faces” of any LabVIEW VI. They are the block
diagram and the front panel. The front panel is the face that the user of the system sees. It
contains controls and indicators. LabVIEW has a very rich selection of both (we can even
design our own) and this permits a wide range of options to the designer. This is a

demonstration of a few of the controls.

6.3.1 Front panel

We build the front panel with controls and indicators, which are the interactive input and
output terminals of the VI, respectively. Controls are knobs, push buttons, dials, and other input
devices. Indicators are graphs, LEDs, and other displays. Controls simulate instrument input
devices and supply data to the block diagram of the VI. Indicators simulate instrument output
devices and display data the block diagram acquires or generates the front panel. The front panel
is the user interface of the VI. The following Fig.6.1 (a) shows an example of a front panel of

tank simulation.
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Fig. 6.1 (a) Front of Tank Simulation build in LabVIEW 8.6

6.3.2 Control and Indicators

Control can take many forms. Many of the forms are themselves “pictures” of real
controls used on real instruments - rotary knobs for example. Others are strictly digital in
concept. All controls have some form of visual feedback to show the user what state they are
in. This helps enormously as you do not have to make explicit allowance to show the state of
the controls in our design. A second extremely useful property of controls is that you can
specify how they are to react if the input given is unsuitable. Fig. 6.1 (b) and 6.1 (c) shows

the tools and control pallets in LabVIEW.
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Fig. 6.1 (b) Tools pallets in LabVIEW Fig. 6.1 (c) Control pallets in LabVIEW 8.6

Indicators take a large number of forms. Again some are “pictures” of real indicators -lights
and meters. Some are more designed for the computer screen. The concept of indicator also
includes graphs and charts which is a second major timesaver as we do not have to design
any of these elements explicitly. Fig. 6.1 (d) shows different types of indicators available in
LabVIEW. By intelligent design of the front panel of a VI it is fairly simple to produce a

simple clean design for the user.

6.3.3 Block Diagram

The Block diagram of the VI is almost the “backside” of the front panel. It shows
how all the controls and indicators fit together as well as the hidden modules where all the
work gets done. Fig. 6.1 (e) shows a simple block diagram of front panel shown in Fig. 6.1
(a). It looks somewhat like an electronic schematic diagram and is at least conceptually

wired up in the same way.
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Fig. 6.1 (d) Different types of indicators used in LabVIEW

Like a real piece of instrumentation, it is easy for the wiring to look very complex and
untidy. One of the major issues in LabVIEW programming is to allocate the timing and
ordering of operations. LabVIEW works in exactly the same way, but the way in which you
specify the ordering is more subtle. The concept in LabVIEW is “dataflow” - any item
executes when all its inputs are available. The standard execution is left-to-right because
inputs are generally on the left of an item and outputs on the right, but this is a convention,

not a requirement. Table 6.1(a) & (b) show the important icons used in LabVIEW [38].
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Fig. 6.1 (e) Block Diagram of Tank Simulation VI shown in Fig.6.1
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Table 6.1 (a) Different icons and their functions used in LabVIEW

Icon Meaning Explanation
[MptepleatinFort__1+f | FONTS Controls the fonts (size and style of type) used for the
' front panel
ALIGNMENT Controls the alignment of groups of controls and

mdicators - usetul for getting things in straight lines
and columns

DISTRIBUTION | Controls gaps between things - useful for getting

things uniformly spaced.

Table 6.1 (b) Different icons for VI status

Icon Meanmg Explanation
E RUN Run the VT once. VIs, like conventional programs, do not
— repeatedly run ualess vou tell them to. The RUN button |
changes appearance when the VI s actually running.
@ RUN Run the VI over and over. Unless you are debugging a VI,
REPEATEDLY | this 1s not a recommended way of repeating any but the
sumplest of Vis. There are much better ways of doing this
using LabVIEW constructs
STOP STOP (unceremoniously) the current VI
‘ " PAUSE/ Press onee for pause, again to continue
CONTINUE
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6.4 CONFIGURING NI USB 6212 DAQ MODULE

This section describes how to confirm your NI data acquisition device is operating

properly. Install our application and driver software first, then plug our device. Following

steps should be complete [39]:

Step 1. NI USB 6212 device and plug it into a PC/Laptop on which NI-DAQmx has been
installed as refer in Fig.6.2 (a).

]|
s
NIDAG mx has detecied & neve dats scquistion device:
rﬂ USB DAQ-6212
What weedd pou tke 1o do?
:‘}' Begin aMeasurement with This Device iod

o

Begin an Apphoation with This Device

é Fiun Test Panels

g Cortig.re and Test Thee Device

Fig. 6.2 (a) First Click from Device Detection Screen

Step 2. Once NI Compact DAQ is connected to the PC and powered on, the NI Device
Monitor launches as in Fig. 6.2 (b), which gives a multiple options. Click “OK”

 LabVIEW Signalbxpress
Click on the module(s) you want to uss

Fig. 6.2 (b) NI Compact DAQ User Interface to LabVIEW Signal Express with Clicks 2 and 3
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Step 3. This user interface as in Fig. 6.2 (b) dynamically loads images of the specific
modules you have installed in our NI Compact DAQ chassis. To begin taking a

measurement, select one or more modules and click on “OK”

These three clicks we have to take the setup screen in LabVIEW Signal Express as shown in
Fig. 6.2 (c) where, based on the module type you select, the software has already configured
your measurement and are taking data. We can change this configuration while our data is

running, which makes it easier to set up sensors such as thermocouples, strain gages, and

other transducers that require multiple settings.

ssertation materiall..\Uintitled? 1.seproj * - Lab¥IEW Signalf xpress

Be G Yew [ook AdIZep Cpente Wndow e
Adisiep g Run + [y Record Whie Purving | -

SgStep Setup ] Dotovew &) Recordng Options | 4 CovecionDegram | | ] Proct Documentaton

x|
P — | P )
3 |
| !nn:’ {
{ i o
' -sn-%
[ DAOmMx 0 . U U ' U g 0 U D 0
tM m:‘m‘.' S:30:00000 AM  S:3:20.000AM  S:30:40.000 AM  S:31:00000AM S:31:20.000AM  5:31:40.000 AM  5:32:00.000AM S:3220.000AM S:32:40000AM 5:33:00.000 AM  5:33:20.01
} P 3 [D Vege? ot B ot o Adtascale Y-Axs 7

Conbgurotion  Trggering | Advanced Trming | Execution Cartrad 4

Sanndd 8

R aw]s whon s s

W Vet @ serc 4 Catrston

ifc
s

w L2 voage -
B 41312010 12:26:18 M
# (B 41312010 : 12:26:48 PM
= B 4/13/2010 1 12:34:23 P

# [2 vaitage

- E Voltage |

Armarsinn Made Comiar o Dans Oure ) ~
{2 0ev a01

L5 vevi st v

Fig. 6.2 (c) LabVIEW Signal Express Configuration Screen

Because the module selected in these screenshots is mainly for voltage signals
(analog Inputs) (NI 6212), LabVIEW Signal Express has set up the measurement for a
voltage and started taking measurements. We can see in the chart on the top of the window
the vibration data from the module. Each color represents a different channel on the module.
Fig. 6.2 (d) represent the all analog inputs waveform which is given on the different channel
6212 DAQ card as described earlier chapter 3 & 5.We can also add or remove channels,

modify the settings for your accelerometer, or continue to log your data to disk.
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> F:\dessertation material\,..\Untitled11.seproj * - LabVIEW Signalf xpress
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SRstep Setup (@) Dataview ) Recordng Optons | 5 G

[ L) Project %
.[mrww VI[gglamoan ) Proview
| 1=
T DAGmx Acquire e
Ao ineut 3 P
b & % b8 voreg S00m
[ DAOMx Acquire 1= ' | ' ' ' ' ' 0 ' \
1Y~ ankog irpt $:20:00.000 A 5:30:20000AM 5:30:40.000AM S:31:00.000AM S:31:20.000AM 5:31:40.000AM S:32:00.000AM S:2:20.000AM S:32:40.000AM 5:32:00000AM 5:33:20.0(
I * |5 Vokage Gragh ~ Display Type AutoScale V-Axis (7]

“Configrstin  Triggering | Advanced Teing | Exsaution Contrdl

+ X)) Detake (] & Voltage Input Setup
5 etmge T & Setirgs 4, Calbraton

Devi_a0
Devl_ail » v
RIS RS Max ] T |
|
Devi_ad Voits - |
Devi_ad Mn -10
w0 next t0 i i
Devi_as |
| 12:16:38.684 12:16:38.784 Bovi |
- [|4/23/2010. 12:19:20 M Voo, ’
e i i
& [ vorage ~ v |
* B 4132010 12:26:18 P Custom Scalng |
& B 4132010 : 12:26:98 P Mo Scale > -p

= D 413/2010 : 12:34:23 M
w [[3 voitage
- 5819!! Camadar bn Oand Dare it
S Devi_ai01

3 Devi_ait

Fig. 6.2 (d) Configuration of all input analog signals and their waveforms when connected to

NI 6212 to the sensor output.

Step 4. Now confirm NI data acquisition (DAQ) device is operating properly. Double-click
the Measurement & Automation icon on the desktop to open MAX. Expand
Devices and Interfaces to confirm your device is detected. Find and expand our
target, and then expand Devices and Interfaces as shown in Fig. 6.2 (e).

Step 5. Right-click the device and select Self-Test. When the self-test finishes, a message
indicates successful verification or if an error occurred.

Step 6. For NI M and X Series PCI Express devices, right-click the device and select Self-
Calibrate. A window reports the status of the calibration. Click Finish.

Step 7. Now attach sensors and signal lines to the terminal block or accessory terminals for

each installed device. The following Table 6.2 lists device terminal/pinout locations.
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un tilted.sepro ab ignalf xpress

N-DAQmx Devces DevceType
¥ NI USB-6212: "Dev1” Phug-n Device

" Hoviegteton | @ PX1 PXI System (Unident fied)

»':-u--ﬂh-'u | = National Instruments & 5 Serid &Paralel
08 Devees | "
e me-wr | = Measurement & Automation Explorer 0 4 coes
. | & G Software
» ot vl | What is Measurement & Automation E e w (i V1 Orivers
: ::5"‘" | Measuremart & AJtomaton Exalorer (MAX) provides access tc your National Instruments praducts & © Remote Systems
. illbw'l . it to d
& ) powcte sytem

Selec: Devices and Intarfecas 1 the configuratior tree to the . I you need help mstaling your
Jevce, refer to the gettng started mformation ch.ded with your Natonal Instruments hardware

TR E9

& Note Soma zateqones are dewica sgecific. For 2rample, the IVI Catago'y appears ony 1 yOu hava
W1 installed

For mcre 1fomatioy, sslect avalable ©. ;. categores from tre Help menu. If you teed futher
| #ssistance o want to know more atout your dewca, wst the Nabonal [nstrumants "« 2ot
| _2L. 522 For information sbout improsements and bug fixes ir this versian o” MX, visit and
| encer tha ino code MAXFisLLst

Fig. 6.2 (e) Device self Test and Calibrating in Measurement & Automation software

Table 6.2 lists of device terminal/pinout locations

[ ocation How to Access Pinout

MAX Right-click the device nane under NI-DAQuix Devices, and select Device Pinouts.

Select Help» Online Device Documentation. A browser window opens to
ni.com/manuals with the results of a search for relevant device documents.

DAQ Assistant Select the task or virtual channel, and click the Connection Diagram tab. Select each
virtual channel in the task.

NI-DAQmx Refer to the NI-DAQmu lelp that installs with NI-DAQmx.

Step 8. Now attach sensors and signal lines to the terminal block or accessory terminals for
each installed device. The following Table 6.2 lists device terminal/pinout locations.

Step 9. Configure a Task Using the DAQ Assistant from MAX and, Complete the
following steps to create a task using the DAQ Assistant in MAX:
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(é) In MAX, right-click Data Neighborhood and select Create New to open the
DAQ Assistant.

(b) Inthe Create New window, select NI-DAQmx Task and click Next.

(c) Select Acquire Signals or Generate Signals.

(d) Select the I/O type, such as analog input, and the measurement type, such as
voltage. ,

(e) Select the physical channel(s) to use and click Next.

(f) Name the task and click Finish.

(g) Configure individual channel settings. Each physical channel you assign to a
task receives a virtual

(h) Channel name, to modify the input range or other settings, select the channel.
Click Details for physical channel information. Configure the timing and
triggering for your task. Click Run.

Step 10. Now go to Getting Started with LabVIEW» Getting Started with DAQ»Taking
an NI-DAQmx Measurement in LabVIEW; and run the front panel of required
HTGU’s VI as shown in Chapter 3, Fig 3.4 and RUN this VI and monitor the

required parameters in real time.

6.5 LABVIEW BLOCK DIAGRAM FOR HTGU

In sequence the above discussed front panel, its respective block diagram is shown in
Fig. 6.2 (f) & (g) which is communicate to the all the sensor/transducers.

Block diagram —I is for the measurement of Electrical parameters and II for Non
electrical parameters. They communicate to the sensors/transducers when we start the HTGU
unit and RUN the LabVIEW program. It instantly displays the values of all parameters as

shown in next Chapter.
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Fig. 6.2 (g) Block diagram-11 of HTGU’s VI
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CHAPTER-7
EXPERIMENTAL DATA DISPLAY & RESULTS

7.1 INTRODUCTION

In this dissertation work experimental results are verified through meter readings by
instruments or control panel readings. In this chapter, we will see how réading on PC/Laptop is
nearer to meter readings, how much deviation between meter readings and the reading on
computers. It is also necessary analyze experiment data. There should be displayed data
matched with instruments readings or control panel readings so verification is needed. In this
dissertation work there are almost all of the results are presided and also accurate besides little
deviation. Here also an attempt is made to find out the errors and check the accuracy of used

IDAS.

7.2 DATA DISPLAY IN LABVIEW

The experiment performed using IDAS shows all the seventeen parameters ( electrical &
non-electrical) on PC/laptop screen in LabVIEW’s Front panel and its data flow by connecting
leads and wires in Block diagram of LabVIEW 8.6 as discussed in earlier chapters. In this
section we are displaying the data measured at the time of running the HTGU by LabVIEW
Front panel in at various instant of the HTGU operation. Fig. 7.1 (a) shows the LabVIEW front
panel of HTGU in steady state. It represent the data of all parameters in real time terms of
knobs, dials graphs, palaetes etc. At the same time we had measured the meter reading by
instruments for the deviation purpose and error calculation.

However raw p'arameters can be sized by actual showing display on instrumeﬁts it selveé
and output voltage from the instrument. Take an example, for a particular device the scaling
factor may be two hundred but, if it multiplying by two hundred it may be seen 2-3% error. It is
basically device or wires attenuation as well as depends on maximum range of input module
channels. Take an example, if we set input range of the module is 10V but given input less than
2 volts then percentage of error is more than set voltage of module is 2.5V. There are two ways
to reduce error either voltage range of module channel should be matched near input value or

we can change multiply factor in the program [40]. So with the help of this LabVIEW software
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It is possible to change the multiplying factor easily. So errors can be minimized. Now the

front panel VI's is shown in the Fig. 7.1 (a) below, before running program.

Fig. 7.1(a) Front panel before running the program & HTGU
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P IDAS FOR PUMP AS TURBINE GENERATOR UNIT 2010.vi Front Panel

Fig. 7.1(b) Before starting the HTGU and after running software program
Above Fig. 7.1(b) shows defaults value before start the HTGU. Now after start up the

display new changed values as in the Fig. 7.1(c) below. The above mentioned figures shows

all real time values of all parameters.
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P IDAS FOR PUMP AS TURBINE GENERATOR UNIT 2010.vi f ront Panel *

+ 8 002 effac evauspon

Fig. 7.1(c) After few minutes of the starting HGTU in continuous running mode

The Fig. 7.1 (d) it is seen that values are changed due to change the valve position,
so Q or discharge is changed. It clearly depicted the variation of discharge Vs time graph in

real time.
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P IDAS FOR PUMP AS TURBINE GENERATOR UNIT 2010.vi F ront Panel *
| Hle Edt Yew Proect Operate Jools Window Help

Fig. 7.1(d) After few minutes of the starting HGTU

The next Fig.7.1 (e) it is seen that values are changed due to load is increasing.

P IDAS FOR PUMP AS TURBINE GENERATOR UNIT 2010.vi F ront Panel *
Cle LR Yew Broject Qperste Jook wWindow Lislp

» start B cissertation report_2... * MY Enterginment (€:)

Fig. 7.1(e) After few minutes of the starting HGTU with load
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So it is easily seen that change of readings in this monitoring screen is flexile in nature

and display is according to parameter value change with time.

7.3 RESULTS AND DISCUSSIONS

In this section it is shown that readings of all parameters on the PC/Laptop are almost
matched with control panel of this system as well as instrument readings. The secondary
parameters that are desired from one or more primary parameters are almost equal and have
very low % of error. The errors are produced due to transducers output raw voltage, current not
being in pure ac forms or only root means square form.

Formula for measuring electrical parameters according to instruments software system is
shown in the Table C specified in Appendix-D, supplied by the manual [29].

Other non electrical parameters such as discharge, percent of gate valve opening,
temperature of bearings, pressure of inlet valve also have different desired transducer output.

Outputs are volt, mV, and mA in ranges.

7.3.1 Calibration of Parameters

The Table 7.1 indicates the meter readings and cbmputer display readings are shown in
the next page these are basically electrical parameters at various input of turbine and load
variations.

The Table represents the two reading of each quantity one is Meter Reading (M.R.) or
Instrument Reading (IR) and Personal Computer (PC) readings. All the electrical parameters
reading and non-electrical parameter readings are shown in Table 7.2 (a) and & 7.2 (b)

respectively.
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Table 7.2 (a) Reading of Electrical parameters by *PC and **MR

SLo|ViPl (VyPh2 |ViPB3 L PRl (L PR (L PR3 KW KVA  |kVAr | Pf F(Hz)
NO. | (Volts) | (Volts) |(Volt) |mA mA mA

MR {PC /MR PC [MR |PC MR |PC |MR |PC |MR |PC [MR [PC [MR [PC [MR [FC [MR TPC [WA [PC
1| 250512509 | 2459 [ 250.1 | 251.0 2507 | 967|969 | 978|977 989 [ 990 | 0180 [ o0 [ o735 Tame T oves | wass T 02 (o0 ot | o
2 T4 | 2370 | 80| 2380 12390 | 2589 | 1969 | 1968 | 1980 | 1977 | 1969 | 19 | o7er [0 { L6 | L | o2 |0 T o5 ose Tos | o
oMM 223.2. 233 | 2565 | 968 | 2670 2672 | 2670 | 2900 | LIS LIo0 | o0 o T o o Tosh [ ogm T 520
4 | IBAL) DA ) I00 | 2331 | 1308 | 2329 | 3655 | 3654 | 3629 | 365 { 3630 | 3630 [ 2352 a0 [ a9 Togn T vose | o osm oo e | @l
S| UL HRL (2650|2430 407 2430 [ 779{ 778 | 790 | 781 [ 7841 783 | 096 | 0486 0546 | 0 0T U0 076 [0 T 1510
6 | 2440|2439 2409 | 2431 | 2490 | 2500 | 964 | 965 | 968 971987 | 989 [ 0190 [ 080 | 0 o [ oreg | o o2 [ozv [ | 90
T | 1374 1070 | 1381 | 2384 2400 | 2399 | 1958 | 1957 | 1984 ,1987 1970|1970 | 007 | 0309 1 1489 | b 1 107 | 126 | 0887 | 0680 | 03¢ | 4036
§ (T3 LR DAT| 239 10 2030 2500 0568 | 2608 | 2606 | 25%6 | 871 {17 s oo e s T T osse Tose [T s00
0 | 2331 222 ZJi.[) D01 1338 | 1330 | 3667 | 65 | 3665 | 3664 | 3644 | 360 | 2540 [ 2340 T 2089 | 209 T eom [ oo Tonen | o6 [t | 480
10 [ 24401 2450 | 2442 | 2438 | 2427 | 2432|799 | 797 | 796 | 793 | 789 I789 0499 | 0476 | 0746 | D044 [ 0365 | 0380 | 0775 | 0769 | 3030 | 5050

Note: ¥M.R means Meter Readings,

*$PC means Reading by LabVIEW/PC
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Table 7.2 (b) Reading of Non-Electrical parameters by *PC and **MR

SL | Percentage of gate valve |  Pressure of inlet Discharge(Q) | RP.M.ofturbine | Temperature of the
NO. - opening (%) valve(kg/em?) m’lsee bearings (°C)
Scale Reading | PC | MR PC | MR | PC | MR | PC | MR | X
of Actuator .
l 2 976 | 40 399 00200 | 00201 | 1480 | 14 | 40 | 4140
] 45 M43 1 40S 4.15 00213 | 00212 | 1499 | 149 | 4 39.90
3 T6 6346 | 397 3.88 00234 | 00232 | 1560 | 15! 0 | 4130
4 80 e | 3 381 00227 | 0007 | 1499 1499 | 4§l 52.00
N l 8550 | 369 3.68 00220 | 00221 | 1550 | 152 | 36 3590
6 100 910 | 42 419 00239 | 00229 | 1691 1089 | %9 5790
T (l 8647 | 43 449 00206 | 00203 | 1523 (520 | &% | 4%
8 40 00 | 385 380 00207 | 00200 | 87 | 1484 | 3% | 370l
9 i 1506 | 309 3.00 0.0200 .0.0200 W56 | 14| 3 | 3540
10 5 9.76 301 300 00201 | 00200 | 1301 1297 | 33 3200

Note: *.R means Meter Readings,
*PC means Reading by LabVIEW/PC
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Here it is seen that primary output parameters i.e. which provide directly 0 to full scale
output from instruments output, it has not much different. But some other secondary
parameters i.e. it is not direct output, can be made from two or more primary parameters

has difference. The basic reason it is not calculated by vector multiplication system.

7.3.2  Calibration all parameters (M.R and R.C)

Figures from 7.3 to 7.8 show that, the deviation between M.R Vs. PC. In the same
sequence Fig. 7.3 is the deviation between readings of all three phases of voltage V1, V2 &
V3 of MR and PC respectively. It is clearly seen that deviation between all two readings is

almost negligible.

MR Vs PC deviation of Votlage

255
250 A
245
S ——MRo0V1
= 240
= —8—PC of V1
=
& =248 ~—— MR of V2
\ == MR of V3
225
¥ —e—PCof V3
220

0 2 4 6 8 10 12

No. of Samples of Reading

Fig. 7.3 Deviation of Voltage phases reading between MR & PC

Similarly, Fig.7.4 is the deviation between readings of Current phase I1, 12 & 13 of M.R and

PC has hardly deviation among six lines.
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MR Vs PC deviation of Current

4000

3500 A /.
3000

2 2500 \\ \\ ——MR of I1
= 2000 —8—PCof 11
e \ \ —d—MR of 12
3 1500
\ \ —>=PCof 12
1000
&} —%—MR of I3
500
—e—PCof I3
0
0 2 4 6 8 10 12

No. of Samples of Reading

Fig. 7.4 Deviation of Current phases reading between MR & PC

In the same line, Fig.7.5 is the deviation between readings of kW,kVA & kVAr of M.R and

PC has hardly find deviation among six lines.

MR Vs PC deviation of Power
3.5
3
]
3 25
& —&— MR of kW
<>‘i 2 ~8—PC of kW
£
B = MR of kVA
w B
2 —>=PC of kVA
> 1
E == MR of kVAr
0.5 7 —@— PC of kVAr
0
0 2 4 6 8 10 12
No. of Samples of Reading

Fig. 7.5 Deviation of Power (kW. kVA &kVAr) reading between MR & PC
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Similarly, Fig.7.6 is the deviation between readings of pf & Frequency of M.R and PC has

hardly deviated from true values..

MR Vs PC deviation of Pf & F
60
o 50 | g
[=1]
£
'E 40
o
= 30 —&— MR of Pf
= —8—PC of Pf
w20
g ~#— MR of Hz
el =>=PC of Hz
0 _W—
0 2 4 6 8 10 12
No. of Samples of Reading
Fig. 7.6 Deviation of Power Factor & Frequency reading between MR & PC
MR Vs PC deviation of Non Electrical Paramaters
120
—&— MR of % Gate Valve Opening
100
;3 ——PC of % Gate Valve Opening
£ 80
E == MR of Pressure of Inlet (kg/cm
o sq)
© 60
= ~@—PC of Pressure of Inlet (kg/cm
v sq)
@ 40
< ==+ MR of Q (m3/s)
2
29 == PC of Q (M3/s)
g == ' o ~ MR of Bearing Temp.
0 2 4 6 8 10 12

No. of Samples of Reading

-~ PC of Bearing Temp.

Fig. 7.7 Deviation of Non electrical Parameters (Q, Pressure, % Gate Valve Opening & Bearing

Temp.) reading between MR & PC
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Similarly, the deviation in Non-electrical parameters such as Discharge, Pressure of inlet
valve,% of Gate valve opening, Bearing Temperature and Speed are shown in Fig. 7.7 and

7.8 respectively.

MR Vs PC deviation of Speed

1800
1600 PN

1400 o—t i \“%A
1200
1000
800 —&— MR of Speed
600
400
200

Speed (rpm)

—8—PC of Speed

0 2 4 6 8 10 12

No. of Samples of Reading

Fig. 7.8 Deviation of Non electrical Parameters (Speed) reading between MR & PC

7.3.3 Analyzing Parameters

All parameters are double verified by instrument it selves and panel readings.
Computer program gives certain difference in secondary parameters only, or the instrument
which is not working properly. As far as efficiency is concerned, firstly kilowatt output
should be noted as well as actual power generated by the formula equation (1), and

efficiency of that Hydropower demonstration unit is given by equation (2).

P=9.81QH (1)
Efficiency (n) = kilowatt/ (9.81QH) (2)

Where

Q = Discharge (m?/sec)

H = (10000/density of water = appx. 10)*pressure

Reading of this program HTGU’s VI shown in the Table7.3.
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Table 7.3 Table for Efficiency Evaluation of HTGU Demonstration unit

S.No Discharge Q Pressure Head Py,:=9.81QH Pop (KW) n (%)
(m3/sec) (kg/cm?) H (m) (kW) turbine
1 0.0195 3.40 34 6.504 0.200 3.075
2 0.0198 3.51 35 6.817 0.393 5.764
3 0.020 3.59 36 7.043 0.610 8.660
4 0.0215 3.66 37 7.723 0.801 10.370
5 0.0219 3.71 37 7.970 0.980 12.295
6 0.0220 3.74 37 8.071 1.200 14.866
7 0.0224 3.80 38 8.350 1.400 16.765
8 0.0229 3.92 39 8.821 1.556 17.638
9 0.0230 3.97 40 8.957 1.602 17.884
10 0.0232 4.14 41 9422 1.690 17.936
Efficiency Vs Power Curve
25
20
= ¥ e Efficiency Vs kW
15 L
E‘ ; : < Curve
'g 10 wﬁy/f
> g —— Linear (Efficiency
> ’«;"}f - Vs kW Curve)
0.000 0.500 1.000 1.500 2.000
Power (kW)

, Fig. 7.9 Efficiency vs. power plot
The graph plot of Power Vs Efficiency is shown Fig. 7.9. Here efficiency is very low for this

hydro turbine demonstration unit, because it is an impeller pump acts as pump as turbine.
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Discharge of the pump is very less compared to full capacity of discharge. Also there is problem

of servicing as well as oiling regularly. The calculated maximum efficiency is 17.93%.

7.3.4 Percentage Error in Measurement of MR and PC Values

Here we are measured total of sixteen parameters i.e. V,V2,V3,I,I5,13, kW, kVA, kVAr,
pf, £,% of gate valve opening, Pressure, Discharge, RPM, Temperature of bearing.
The percentage of error is shown in the Table 7.4 and in the Fig.7.10. Basically deviation

between real values means deference between MR and PC readings, so;

Deviation form real value = (MR ~ PC)

_ (MR~ PC)

% of error x100 %

Table 7.4 Percentage of error of all parameters

SL No. | Parameters Name Deviation form real value % of error
1 V, ' 0.16 0.042
2 V, 0.31 0.052
3 V; 1.06 0.13
4 I 32 0.53
5 L | 87 _ 1.27
6 I3 28 0.406
7 kW 0.080 1.6
8 kVA 0.001 - 0.02
9 kVAr 0.108 10.8

10 pf 0.0101 0.86
11 f 0.01 0.01
12 % of gate valve 50.21 10.1
13 Pressure 0.01 0.042
14 Discharge 0.0002 : 0.18
15 rpm 8 0.01
16 Bearing Temp. 2.1 0.84

98



% error of Parameters reading
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Fig. 7.10 Percentage of error deviation from zero line of all parameters

Above Fig.7.10 shows that kVAr point on horizontal axis has maximum deviation
because of it is secondary parameter, made from one or more primary parameters as well as
not calculated by vector multiplications. Then % of Gate valve opening point i.e.
potentiometer output was not correct, only close or shut down position it is working, other

gives always default value.
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CHAPTER-8
CONCLUSION, LIMITATIONS AND FUTURE WORK

8.1 CONCLUSION

An Integrated Data Acquisition System is developed using latest Data Acquisition
modules NI USB 6212 and LabVIEW 8.6 real time professional software, which integrate all
the sensor/transducers and measuring instruments. The experimentation performed on the
HTGU comprises the measurement of sixteen Electrical & Non-electrical parameters in real
time with a very small deviation and error from true value of them.

The IDAS provide the direct monitoring of all parameters PC/Laptop with easy-to-use
graphical user interface front in LabVIEW and also show the real time characteristics. The
parameters are:

(a). Non electrical parameters such as of Speed of HTGU, Discharge, Inlet head,

Temperature of bearings and % Gate valve opening.
(b). Electrical parameters such as Voltages, Current of all the three phases as well as all

other parameters such as Power in kW, kVA, kVAr, frequency, and power factor.

Calibration of all the above parameters and analyzing the parameters for performance of HTGU
has also done in the dissertation work.

This IDAS also helps to monitor all parameters of Small Hydropower Station which are
generally remotely located, in a single window on PC. The proposed architecture permits the
rapid system development and has the advantage of flexibility in the case of changes, while it

can be easily extended as per the requirement.

8.2 LIMITATIONS
As mentioned above the IDAS is useful for SHPs monitoring but it has some own
limitations. Only basis of this IDAS is that it tested on HTGU in Hydro mechanical Lab. AHEC
IIT Roorkee. In this regard this IDAS has certain limitations:
(a). To apply outside SHP stations multiplying factor should be changed of respective

variables o instruments. So knowledge of LabVIEW is required.
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(b).

(©).

(d).

(e).

(®.
(2)-

The voltage range of module channel should be matched near input value or we
can change multiply factor in the program; otherwise the LabVIEW program so
error in results.

The IDAS is tested only for SHPs for Large hydro and other application it need to
require the change of sensor/transducer’s range and input voltage range of
instrurﬁents input. , ‘
The IDAS use the USB DAQ device which have their own input and output
channel limitations.

For more no. of input the DAQ device must have to change which also require the

changes in software block diagram.
Keep try to minimize the wires and leads attenuation.
Speed control performed using Electrical actuator is limited to ON/OFF control

. with specified dead band which is user selectable.

8.3 FUTURE WORKS
The work can be further extended by:

(a).

(b).

().

(e).

(0.

This may be also led to help in monitoring the SHPs remotely/wirelessly by using
Web Publishing Tool of LabVIEW with no hardware modification and can also be
access anywhere, where the internet facility is avail.

The IDAS can also be use to evaluation the efficiency directly from the LabVIEW
software by making some Block diagram modifications.

Making a provision for torque measurement so that the efficiency of the turbine alone
can also be calculated direct.

It is also possible we can controlled this from 2 remote PC embedded mode of
LabVIEW with LabVIEW Run-time Engine is required on client PC.

Remote online or Wireless automation is also possible by the help of this LabVIEW
few more programming blocks, with LabVIEW Run-Time Engine. This will help to
monitor the SHP from a remote location using PC/ PDA/ mobile phone etc.

This IDAS can also be extended in future for the I/O control of SHPs by some

necessary modification in hardware.
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(g). The IDAS can be made more reliable, faster and error free by using future Automatic
IDAS.

(h). Wireless is one of the most promising technologies for data acquisition. For high-
speed continuous transmission, IEEE 802.11 (Wi-Fi) has seen incredible adoption in

mobile computing applications. The IDAS can be extended using these technologies.
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APPENDIX

A. ACRONYMS USED

Table A. Represent the acronyms used in dissertation

ACRONYMS AT A GLANCE

A
A/D Analog-to-digital.

- ADC Analog-to-digital converter. ‘
ADC Resolution The resolution of the ADC,

" Al Analog input. '
AIGND The analog input ground pin on a DAQ
device. '
AO Analog output.

B

b Bit

B Byte

bps Bits per second

C

CMRR Common-mode rejection ratio
CPU Central processing unit

D

D/A Digital-to-analog.

DAC Digital-to-analog converter.

DIFF Differential

DIO Devices Refers to all devices with the letters
DIO in their name, unless otherwise noted.
DLL Dynamic Link Library.

DMA Direct Memory Access.

DSP Digital Signal Processing

DAQ Data acquisition

DAS Data acquisition system

dB Decibel

DCE Data communications equipment
DCOM Distributed Component Object Model
DCS Distributed contro! system

DDE Dynamic Data Exchange

DIO Digital input/output

DLL Dynamic Link Library

DMA Direct memory access

F ’
FIFO A first-in-first-out memory buffer.

G
GPIB General Purpose Interface Bus
GUI Graphical user interface

H _

hex Hexadecimal.

Hz Hertz

HMI Human-machine interface

I _

IEEE Institute of Electrical and Electronic
Engineers.

I/0 Input/output.

ISA Industry Standard Architecture.
K

Kwords 1,024 words of memory.

L

L Inductance

LED Light emitting diode
LabVIEW Laboratory Virtual Instrument
Engineering Workbench.

LSB Least Significant Bit.

M

MB Megabytes of memory. 1 MB is
equal to 1,024 KB.

MAC Media access control

MUX Multiplexer



DSP Digital signal processing
DTE Data terminal equipment

E

EEPROM Electrically erased programmable
read-only :
EPROM Erasable programmable ROM memory

R

RMS Root Mean Square.

RSE Referenced Single-Ended.

RTD Resistance Temperature Detector.
RTSI Real-Time System Integration bus.
RFI radio frequency interference

ROM read-only memory

S

SCADA supervisory control and data acquisition
SE single-ended

S/H sample-and-hold

SNR signal-to-noise ratio

SPC statistical process control

SQL Structured Query Language

SS simultaneous sampling

STP shielded twisted pair

SCXI Signal Conditioning eXtensions for -
Instrumentation

'STC System Timing Controller.

1

N
NB NuBus.
NI-DAQ The NI-DAQ configuration
utility on the Macintosh.
NRSE Non-referenced single-ended
P

PGIA Programmable Gain
Instrumentation Amplifier

PC Personal computer

PCI Peripheral Component Interconnect
PCMCIA Personal Computer Memory
Card International

PID Proportional-integral-derivative
PL.C Programmable logic controller
T

TCP/IP Transmission Control
Protocol/Internet Protocol

TTL Transistor-to-transistor logic

TC Terminal count

U .
uUTP unshield_ed twisted pair

Vv

V Volts.

VDC Volts, Direct Current.
VI Virtual Instrument.
Vref Voltage reference.



B.

NI USB-6212 DAQ CARD SCREW TERMINAL PINOUT DIAGRAMS

Fig. A. represents the screw pinout diagram of NI USB 6212 of both sides.

*_——ltv
%
PFI

gt i
|

=

=

B

s

= |1

= (1

2

1 i
;[ I

WIE

]

=

& |

FRE =]

Fig. A The Screw Terminal Pinout Diagram Of NI USB 6212 of Both Sides
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C.

NI USB 6212 I/O0 CONNECTOR SIGNAL DESCRIPTIONS

The Table B given below describes the signals found on the I/O connectors. Not all
signals are available on all devices.

Table B The I/O connectors of NI USB 6212

Signal Name

Reference

Direction

Description

AIGND

Analog Input Ground—These terminals are the reference
point for single-ended Al measurements in RSE mode and the
bias current return point for differential measurements. All three
ground references—Al GND, AO GND. and D GND—ure
connected on the device.

Al <0:31>

Varies

Input

Analog Input Channels 0 to 31—For single~ended
measurements. cach signal is an analog input voltage channel.
In RSE mode, Al GND is the reference for these signals. In
NRSE mode. the reference for cach Al <0..3 1> signal is

Al SENSE.

For differential measurements, Al 0 and Al 8 are the positive
and negative inputs of differential analog input channel 0.
Similarly, the following signal pairs also form differential input
channels:

<Al [L Al 9>, <Al 2, Al 10>, <Al 3, Al 11>, <Al 4, Al 12>,
<AlS. Al 13 <Al G, Al 14>, <Al 7. Al 15>, <Al 16, Al 24>,
<Al 17, Al 255 <Al 18, Al 26>, <Al 19, Al 27>,

<Al 20, Al 28>, <Al 21, Al 29>, <Al 22, Al 30>,

<Al 23, Al 31>

Al SENSE

Input

Aunalog Input Sense—In NRSE mode, the reference for each
Al <0.31> signal is A SENSE.

AQ L1

A GND

Cuiput

Analog dutput Channels § to 1 —These terminals supply the
volags output of A ctannels Glo {,

AQGHND

Analoz Jutput Ground—AQ GNI 15 e reference for
AD < 2, All thues groaad exfereices—Al GHD, AQ GHD.,
and I GND—are comected on thedovice,

DGHD

Pigital Ground—I GND suppliesthe refereacs for

PFT <023 PP1 and +3 ¥, AH theesa gronnd
referenres—AT GNDy, ACHGNID, ard D GND—are connected
o the device,

=Y

D GHIY

Loput oo
Clatpat

+5 ¥ Pawer—Thes teaminals peoride a +35 V power source
can te uzed b exlemally power thedigital outpars,

PR3 3,
PF <8, 1P <0. T

[LGHD

Lnput

(USB-6210/6211/62156218 Devices} Frogrammakile
Function Infecface or Statiz Digiad Input

Channets 0 to 7—Each FFL terminad can be used o supply an
external seurce for AL AD, of cougestimer inputs.

fou also can use thise rminals asstatic digital input lines.

PEL <47,
PFI <12, 13TF1 <07

DGHD

Quigui

(USB-6210/6211/62156218 Devites} Proxrammatie
Function Interface or Static Digitd Gurput

Chanmets ¢ to 7—You can mute muny differeut internal Al
AO, of counterfumer culpuls to each PFI termiaal.

You also can use e termnals assratic digital curput lines

PO 15"

DGHD

Loput of
Catput

(USB-6212/6216 Devicas) Fart ¢ Digital 1)
Channels (o 15—rou can indivizually coofigure vach signa:
as.an lyput o cuput,

v




PH 0. %~PL. 7>,
Pl =8..:5>W% 0.3

DGRD

Input or
Qalput

(USE-621276216 Devicag) Pragrammahl: Funsion Iterfece
or Bigital BO Channes G 1o 15—2ach of thes: termmals <an
be irdivideally configtred gsa PEL(eomical o 2 digitad 10O
terningl.

As aPEUinput, exch timinal can be upxd to supply an exteoal
o for AL A0, DL and DO Goriog signals o cotnterier
inpus

As aPFL cutput, you cas couts macy differeat isternal Al 20,
DL or DO timing signds to esch PFT tanxinal. You alzo can
roue: the Countepimes ourpers 1o &vwh PFL tenmrinal,

As aPoat o Part 2 digital IO signal. vou caniadividuoaity
confgn e cach signal az an irpul of outpIR,

LISER

{USB-621x BHC D evices) Uxer-Drfined Chunnil—1Ihe USER
BNC womaecize alloss you o use 1 BNC connecter fora digital
ac timang ICignal of your chadce. The USER ENC conpector
is inbenally outed © the USER sirew termiaal Referto the
appropeiate USER secticn for your USB-521x BNC device
Apperdin A, Devive-Speciic Iformuatios, for noge
infovratica shout the USER sinnad,

NC

No coanect—Dv nct connast sigrals to Hese taominals.

* USB-82 12762 16 BNCMass Tarminaion desices ooy eight digizal BO ioss, FO<0,.7>




FORMULAE MANUAL SUPPLIED BY THE MANUFACTURERS

Table C is supplied by the manufacturer to calculate the power. Other non electrical
parameters such as discharge, percent of gate valve opening, temperature of bearings,

pressure of inlet valve also have different desired transducer output. Outputs are volt, mV,

and mA in ranges.

Table C Formulae supplied by the instrument manufacturer for Power Calculation

Mode 102W | 1O3W | 3D3IW-2 3OIW-3 RIOYAVY
\"A| Vi Vi Vi vl
Voltage V2 V2 V2 V2
V3 v3
*V[VI+V2+V3] *V[vl+v2+v3]
3 3
Current Al Al Al Al al
A2 A2 A2 a2
A3 a3
Al + + 1 +a2+
*A[ A2 A3] *a[a a a3]
3 3
Effective | V1.A1 | V1.Al V1.A1+ | v1.A1+v2.A2+v3.A3 vl.Al+v2.a2+v3.a3
Power +V2.A V2.A2
2
Apparent | VI.Al | VI1.Al vl.al+v2.a2+v3.a3
Power +V2.A ﬁ ﬁ
2 2 3
(VI.LAl1+ | (VI.LA1+V2.A2+V3.
V2.A2) A3)
Reactive [ 2 2
Power L W)
Power /4
Factor VA

NOTE: Bold letters i.e. VI.AI+V2.A2+V3.A3 are used to indicate vector notations i.e. 'V, Line voltage, v,

phase voltage, A; line current, V, A, v, a; vector values, *V,*v, *4; average values”’

VI
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