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Agenda

e Smart Grid
* Power Quality Analyzer
* Asset Monitoring
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Grid — Current Model

003/45/7844

Today

* Partial Control

* Poor Integration

* Not Optimized

* Reactive Maintenance
« Utility Focus

 Grids are Fragile
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How did we get here?
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Framework for the Future

“ The U.S. power supply network is the largest, most complex machine
ever created and engages the most complex enterprise. It involves
some 5,000 corporate entities, 100 million customers, 4 distinct
forms of ownership and multiple levels of requlatory oversight. This
must function at all times in absolute balance in it supply and
demand while trying to satisfy conflicting economic, social, political
and environmental objectives. ”

EPRI — Electric Power Research Institute
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I —————
ENERGY INDEPENDENCE AND SECURITY ACT OF 2007

TITLE XIII - SMART GRID

SEC. 15301, STATEMENT OF POLICY ON MODERNIZATION OF ELECTRICITY GRID

It is the policy of the United States to support the modernization of the Mation’s
electricity transmission and distribution system to maintain a reliable and secure electricity
infrastructure that can meet future demand growth and achieve each of the following, which
together characterize a Smart Grid:

(1) Increased use of digital information and controls technology to improve reliability,
security, and efficiency of the electric grid.

{2} Dynamic optimization of grid operations and resources, with full cyber-security.

{3} Deployment and integration of distributed resources and generation, including
renewable resources.

{4} Dewvelopment and incorporation of demand response, demand-side resources, and
energy-efficiency resources,

{5} Deployment of “smart"” technologies (real-time, automated, interactive technologies that
optimize the physical operation of appliances and consumer devices) for metering,
communications concerning grid operations and status, and distribution autormation.

{6} Integration of “smart” appliances and consurmer devices.

{7} Deployment and integration of advanced electricity storage and peak-shaving
technologies, including plug-in electric and hybrid electric vehicles, and thermal-storage air
conditioning.

{8) Provision to consumers of timely information and control options.

(9) Development of standards for communication and interoperability of appliances and
equipment connected to the electric grid, including the infrastructure serving the grid. \TIONAL

(10) Identification and lowering of unreasonable or unnecessary barriers to adoption of TIRUMENTS'
smart grid technologies, practices, and services.



Smart Grid - Future

Hospital
(with own generator)

(L. Power station

Future

* More Secure
* Total Control
* Integrated

» Optimized

* Interactive

* Self-Healing
» Customer Focus

Smart-office
building
(with own

generator)

with hydrogen-car
( g
generator)

Source: The Economist
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Smart Grid - Future

“If you cannot measure it, you
cannot improve it”. -Lord Kelvin
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Technology Challenges

« Connect the power companies to power line
hardware, industrial machinery, commercial and
home appliances, communication network, and
support system integration.

* Implement a responsive and intelligent layer of power
systems capable of monitoring, distributed signal
processing, control, and automation.
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Areas to Develop and Integrate

* Substation Monitoring and Automation
* Transformer Load Management

* Real Time Grid Condition Monitoring

« Automated Grid Switching

« Fault Location and Characterization

« Home meters to perform as a sensor
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Consumer based solutions
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What Google is Doing
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Current Vendor Defined Technology

AFD — Arc Flash Detector

DDR — Dynamic Disturbance Recorder
DFR — Digital Fault Recorder

ENV — Environmental data

HIZ — High Impedance Fault Detector
HMI — Human Machine Interface

HST — Historian

LGC — Scheme logic

MET — Substation Metering

PDC — Phasor Data Concentrator
PMU — Phasor Measurement Unit
PQM — Power Quality Monitor

RIO — Remote Input/Output Device
RTU — Remote Terminal Unit / Data Concentrator
SER — Sequence of Events Recorder
TCM — Trip Circuit Monitor

Lack of: interoperability, Flexibility, Expandability, Upgradability, etc
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Technology and Design Gaps
for one single platform

 Downloadable Firmware Technology
« Seamless integration with current assets
* Flexible to be used in varying systems

« Record and Analyze data in distributed architecture and with
reconfigurable data granularity

« Scalable and upgradeable to add memory, resolution, functionality
and applications

« Communication: multi platform and scalability
« Multi data format compatibility
» Distributed data processing for decision making
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What is necessary to implement the
Smart Grid Intelligent Layer

Preventative Element
— ldentify and Repair Problems / Minimize Outages

Real Time Sensing and Control
— Quick Response to Disturbances

Permanent Monitoring
— Dynamically Optimize the Performance of Systems

What will make the Grid smart?
— The ability to transform data into information and make decisions
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Introducing National Instruments: What We Do

Modular Productive
Measurement and Software
Control Hardware Development Tools
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National Instruments

 Leaders in Computer-Based
Measurement and Automation

 Long-term Track Record of = .
Growth and Profitability Annual Revenue of

 More than 5,157 employees $821 Million
in 2008

 QOperations in 40+ countries

e Fortune’s 100 Best
Companies to work For Tenth
Consecutive Year
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Today’s Demand: Converging Complexity

iPhone

High resolution display

| A7A
e

Digital Camera

MP3 player

CellularT’hone
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Today’s Challenges: The Traditional Approach

A4 8
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e H S Programmable Function
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Communications Analyzer
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Pattern Generator
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Power Supply

Spectrum Analyzer

LCR Meter DMM
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NI's Value Proposition

* Lower cost

* Higher performance
 Smaller size

* Flexible

» Easily upgraded

» User-defined

Jiite
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Smart Grid Technology Complexity

Sensors and

Signal R, ,
Corfgtioning '
Mechanical

Systems

Communicatio
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SOFTWARE CAPABILITIES

Introduction to CompactRIO
Programmable Automation Controller (PAC)

Open Embedded System
Reconfigurable FPGA
Extreme Ruggedness
Expandable

Multi Protocol

PACs
PCs

PLCs

RUGGEDNESS AND RELIABILITY
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The Design Platform to address
Convergence of Technology

AFD
CLK
DDR
DFR
ENV
HIZ

HMI

HST
LGC
PDC
PMU
PQM
RIO

RTU
SER
TCM
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Software Abstracts System Complexity
=

—
% Copyright (c) 1993, 1994 Ron Winacott s
7% This program nay be used, copied, modified. snd redistributed freely x/
s% for ANV purpose. so long as this notice remains intact

LabVIEW

#define _REENTRANT

#include cetdio b
#include

#include [#deiine FE_RECUR 0=00200
#include [#define FU_UNSORT 0x00400
#include [#define FX_STDIN 0=00800
#include [#define TG BATCH 0=01000
¥include Q#dsfins TG_FILEPAT 0x=02000
#include Q#dsfins FE_REGEXF 0x04000
#include [#d=fins FS_STATS 0:08000

#include [¥dsfine
¥define Tjf#detine FR_RECUR 000200
#ancluds EUZUNSORT 0300400
#define F| 0300800
#define TeBATOR 0x01000
TG_FILEPAT 0302000
#include W opeder = FE_REGEXP 0202000
#include char FS_STATS 0505000
#includs int wact
strucfi#define TR s ude "dobug ~% must be included AFTER the
wifder uaflt vork ot mutex_t debug_lock line */
#include Hdofing
i typedef sff#deiine

aveform Graph

D) Assistant
data

s

#include

worle_t wsearch_g = NULL;
pthread nutex_t search g lk:
pthread_cond t ssarch g cv

#include typedst

int
#define L strud] debug - atol(optard);
Hstne } work_t; if (debug

cLine #define B debug_usag=(});
w#detine M@TTEIL0T

typedef s
Char

H
2 d - optars:
#define 2 Int 1 fprintf (stderr, "tgrep: Debug on at level(s)
#def 1ine 2 Tong while (*d) {

#define Strad)

c

#def ine 1 EM_PAaTTll} cut_t: £ if (1(flags & FE REGEXF)) {

#define if (argc - optind <

#define Fill o poono lrdotine 4 fprintf (stderr ep: Must swpply s search string(s)
")

#detine Fill_ i n Byl typedet o = TiRE ileT1int on direciorpin
#define =stern oif 4| — usags():
#define torn =

wol
BM PATTER E

Strino[0]=(char ximalloc(ctrloniorgulontind el ——HILL

o
7x pnatchll 3 BY_PATT if (!(flags & FE REGELP)) {
N if {(srgc — optind <

o
whi 5 P j—— #endif 4 fprintf(stderr "tgrep. Must supply s search stringt
"and file list or directorysn"):

vofflsutern Bl o
vofleztern chifl 1 1 usags():
Eﬁf?ﬁ%ﬁﬁ #atndst ] 3 1f (tstring[0]=(char *Imallos{strlen(argvloptind]}+l)
iretval = x, Enateh it tf if (!(flags & FE_REGEXP)) {
T o] iq 3‘ if (a%gc = ??ngd <1 ; .
P printf (stderr. "tgrep: Must supply = ses
aveform Graph o) i, = Tand ile 115t on direfiorsant)
: iretval = nillz o] B usags():
DAy Assistant ¥ i LT .
s Fendi f
= £ N
data istatus D)}Q_VSCﬂ B if (1(flags & FE REGEXP)) I
g ulcount, pisuffer, o =le= f } if (azoe - opfimd <
5 un=igned i nd fprlntf(stderr tgrEp Hust
fnetval = NIDAGErrorfl - ool P = menge(y; o FHIS st on @
iIgnorewarningl; J N 3
nas_of 3
. _ . . — if (f if {!(flags & FE REGEEF))
i5tatus = DaQ Clear(iDevice) peEs sles £ it ierac - ?1(;“3:1 < 1)
o ] printf (stderr, "t
iRetval = WIDAQPlotwaveform( E . nd £l
| flags it (g usagel:
printf(" The data is availabTé 1n ;
if if (1(flags & F
(arge - o
} fprintf
if usagel ]
* £ (st
dé =]
exit{l)
else
menset (stri
1 stropyistri
regesp ents
flag: 5 optind++;
WA if (flags & FI_
nopu: for (i=0; 1
if ( uncase{
if (flags & FE
(i i
3 Pt pat[
A us=_pmatch
casc
%t else {
currs bm_pat = bm
pthrs

flags |- FE_STD




PAC Technology Deployment Curve
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Current Projects

« NI/ Universities / Utilities Joint collaboration

— Power Quality Monitoring

— Distributed Fault Anticipation

— Remote Terminal Unit

— High Impedance Fault Detector

— Phasor Measurement Unit

— Transformer Monitoring

- Motivation and Objectives

— Transform Data into Information
— Support System Management
— Allow Decision Making Processes
— Enhance Reliability and Availability
— Ensure Power Quality Monitoring
— Integration System
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Power Quality Analyzer

National Instruments
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What is Power Quality

Any Power problem manifested in voltage, current,
or frequency deviations that results in failure or
misoperation of customer equipment.
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Why is Power Quality Important?

Electricity is a product, like any other

Customer loads are more sensitive to transients and short
variations in the voltage supply

Corrective action must be taken if the supply is not sufficiently
ensured!

Utilities, appliance manufacturers, and residential customers need
information about residential power quality

Electrical power has to comply with specific quality requirements:
— Voltage level 110 V (or different)
— Sinusoidal shaped AC voltage signal
— Fundamental frequency 60 Hz
— 3 phases voltage
— Availability
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Sources of Power Pollution

« Today electric power consumption is often controlled by switching
electronics.

« Loads have non-linear U/l characteristic and this cause non-sinusoidal
current

* Non-sinusoidal current causes distortion of supply voltage because of

power grid impedance

Other loads
Vaoltage source

‘ { 1] Harmonics
generator

Short term impact on PQ: HEV recharging
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Power Quality Problems

« Whether or not the customer is likely to suffer from
power quality problems depends on:
— The quality of voltage supplied by electricity supplier
— The types of loads in customer's installation

— The sensitivity of customers equipment to various kind of
disturbances

« There is not single, generic solution of PQ problems.
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Power Quality Phenomenas

telegrams flicker

voltage fluctuations swells

harmonics
voltage drops

electromagnetic :
Inter-narmonics

. reactions
transients
, unsymmetrical voltage
frequency fluctuations
rapid voltage changes over-voltages
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phenomena defined in IEEE 1159:1995

Categories Typical spectral Typical Typical voltage
Ve n S aS content duration magnitude

1. Transients

categorized by "M gww oo

1.1

1.1.2.  Microsecond 1 s rise 50 ns-1 ms

1.1.3. Millisecond 0.1 ms rise >1 ms

1.2.  Oscillatory

1.2.1. Low <5 kHz 0.3-50 ms 0-4 p.u.
frequency

1.2.2. Medium 5-500 kHz 20 ps 0-8 p.u.
frequency

1.2.3. High 0.5-5 MHz 5 ps 0-4 p.u.
frequency

2. Short-duration variations
2.1. Instantaneous

2.1.1. Sag 0.5-30 cycles 0.1-0.9 p.u
o 2.1.2. Swell 0.5-30 cycles 1.1-1.8 p.u.
2.2. Momentary
2.2.1. Interruption 0.5 cycles-3 s <0.1 p.u.
. 2.22. Sag 30 cycles-3 s 0.1-0.9 p.u.
Other Standards: 223. Swell 30 cycles—3 s 1.1-1.4 pu.
2.3. Temporary
IEC 61000-4-7 2.3.1. Interruption 3 s=1 min <0.1 p.u.
Harmonics and Interharmonics Measurements %gg gag . g S—{ min (1)-%—(1)-3 p.u.
we s—1 min 1-1.2 pu.
IEC 61000-4-15 o
] . ) o Long-duration variations
Flickermeter — Functional and design specifications 3.1. Interruption, >1 min 0.0 p.u.
sustained
IEC 61000-4-30 o 3.2. Undervoltages >1 min 0.8-0.9 p.u.
Measurement methods for power quality instruments 3.3. Overvoltages >1 min 1.1-1.2 p.u.
4. Voltage imbalance Steady state 0.5%-2%
5. Waveform distortion
5.1. d.c. offset _ Steady state 0%-0.1%
5.2. Harmonics 0-100th H Steady state 0%—-20%
5.3. Interharmonics 0-6 kHz Steady state 0%—-2%
5.4. Notching Steady state
5.5. Noise Broad-band Steady state 0%—1%
6. Voltage fluctuation <25 Hz Intermittent 0.1%-7%
7. Power frequency <10 s

variations




The Cost of Poor Power Quality

It is estimated that power quality problems costs industry and
commerce about $80 billion per year [Berkeley Lab Study] while
expenditure on preventative measures is less than 5 % of this.

Problems must be identified first:
— industry needs PQ monitoring tools

By monitoring PQ it is possible to identify potential problems before
they are big enough to make damages.

‘7 NATIONAL
’ INSTRUMENTS



What is needed to recognize PQ problem

* |nternational Standards
e Measurement Instrument
« SW Tool for Analysis and Presentation
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User Solution:
ELCOM Power Quality Analyzer ENA450

National Instruments Content:
* NIcRIO 9014
* NI cRIO 9103
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POWER QUALITY ANALYZER

* Optional GPS and GPRS

« 3x direct voltage inputs 300V RMS
* 4x indirect currents inputs by current clamps
 |[EC 61000-4-30 class APQA
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Electrical Energy Transmission with
PQ Monitoring

Production ' Transmition | Distibution iConsumption
(10kV) i (110KV) (110kV) | (6kV) (6kV) | (0,4kV)

O3

: 1

100V
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LabVIEW User Interface

EW EPQA Touch

MultiChart U1=226,9V U2=227,9V U3=229,2Vv

&3 Quantities i 3':::
e . Mm
229- 0,56
(2] 4 Graph m‘ww 0,558 - e ettt
raphs ¥ = e T A APy

0,556~

1] U RMS [V] 22?_W 0.554-
= _M

226-

0.55-
2 | RMS [A] 15:08:20 15:0‘8:40 15:IJIB:I]I] 15:0'9:20 lS:IiB:ZD 15:0‘8:40 15:0‘9:00 15:0'3:20

129+ 50,0075~

| II'.I“ 128.5- A EPQA Touch

5% EPOA Touch

=l 3 P [W] 128-]
= =77= 3 Vectors U1=228,3V U2=228,5V U3=230,1vV
cpectra | WSV || VERATIREIKIR]| s
D U ™ 7 Frea (]| 17 D U+l v e o

ITA] |0,5647 | 0,5516
PW] [ 1288 [ 1259

cR@Ao) T

T M‘ 100 M Ste20  15de0 150500 Q [VAr]| 1,079 | -2,42
4 System A Stere Stoff S [VAr]| 128,8 | 125,9
Cos [-] 1 0,9998
10+ Phi[*] | 359,5 | 358,9

Harm. 1

UV] | 229.8 | ---

1[A] |0,5567 | ---

" PIW] | 127,9 | ---

QVAr]| 1,924 | ---
S[VA] | 1279 | ---

JLJHLJUI

Cos []|0,9999 | ---
3 4 56 7 8 9 10111213 1415 16 17 18 19 20 21 22 23 24 25 Phi[°]] 359,1 .

Store Stopped... 3xUph + 3xIph 20.3.2007 14:37:58 Store Stopped IxUph + 3xlph 20.3.2007 14:31:03
pped... xUph + 3xIpl 3 :31:
230V / 50H= ENA100 Men 4. System A 230V 7 50H= ENA100
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= .:: ENA-Web - PostProcessing ::. - Windows Internet Explorer

Web Enabled Tools

{= .:: ENA-Web - PostProcessing ::. - Windows Internet Explorer

~ar
@’Cﬂ v | @ http:/194.212.173.167/bk5S0/

File Edit Yiew Favorites Tools Help

@9 v |@ hitp:j7194.212.173.167/bks50;

i\«’ 49? [@4:EN.Q-Web-Pusthcessing::.

File Edit View Favorites Tools Help

=

{? 49 [@.:: ENA-Web - PostProcessing ::.

ENA-Web - PostProcessing
Cnline

WeBIay

= ~ ;b Page v (F Tools ~

- Hist (x) I
Select Units 118,00k —|
Pre-calculated | | Selected units Time Window S 1
—]|- 117,50k—
1. ENA 01 - W01 14.11.2006 12:40:00 - 4.1.2008 14:10:00
416d 1h 29m 59s (59913 records) q
; 117,00k~
Time window S L1
I Z ENADL - W02 110000 |14.11.2006 12:40:00 04.01.2008 14:10:00 12
A ENAOL- W03 110000 |14.11.2006 12:40:00 04.01.2008 14:10:00 5 -
_ 7 ENAO1 - W04 110000 |14.11.2006 12:40:00 04.01.2008 14:10:00 1,200
Z ENAD2.1-WO1 6300 |21,11.2006 14:50:00 04.01.2008 14:10:00 N b i
7 ENAO2.1- W02 6300 | 21.11.2006 14:50:00 04,01,2008 14:10:00 L0001 ‘ if
B ENAD2.1- W03 6300 |21.11.2006 14:50:00 04.01.2008 14:10:00 T ot “ i i
;| I ! !
A ENA02.2-WOL 6300 | 14.11.2006 16:20:00 04.01.2008 14:10:00 J ﬁ- / | I hd .
7 ENAD2.2- W02 6300 | 14.11.2006 16:20:00 04.01.2008 14:10:00 0,600 ! j i Al f 1 { A
i i 1 g g
F ENAD2.2- W03 6300 | 14.11.2006 16:20:00 04.01.2008 14:10:00 4 ”." P LA |' l; 1 R “ AR g i
Hih ") R 15 M i g Il ', Y] y ) if
A ENA03.1- W01 6300 | 14.11,2006 11:00:00 04.01.2008 14:10:00 0,400 I iy F? WER R Y D
- - ; | | ’ i
Statime Stop time Sonnection 08/05/2007 00:00 18/05/2007 00:00 28/05/2007 00:00
[ 14.11.2006 12:40:00 | [ 4.1.2008 14:10:00 ] [ 3xuline + 3xiline — — —
o Values in graph Lol [ 2 @D Graph 1 1Y Graph 2 ¥
geaton 2 ENA 01 - WOL A, 50160, U rms [V] 11.5.2007 = 21.5.2007 | 117,9k 118,0k| 108, | 484.2m| 471,6m| 12,59m
[Rozvodna 1 A ENA 01 - WO1 Ay 50160, THD u [%] 7:41:47 16:08:13 117,8k | 117,9k 1304 @ 541,2m 481,0m | 60,15m
10d 8h 26m 25s 117,8k | 118,10k | 318,0 @ 511,0m 445,1m| 6594m
Done € Internet # 100%

Done

€ Internet

5]

100%
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{= .:: ENA-Web - PostProcessing ::. - Windows Internet Explorer

Web Enabled Tools

{= .:: ENA-Web - PostProcessin;

File Edit ‘iew Favorites Tools Help

- Windows Internet Explorer

T
@igv t@http://194.212473.1s7ibksso,l

Done

0 Internet

#100% ~

——r
g v @ http:}f194.212.173.167/bk550] y ( =
@ o R el o — — ———{ % 4 | @ . ENA-web - PostProcessing it [ 1
File Edit ‘iew Favorites Tools Help - -
w R | @ .:: ENA-Web - PostPracessing 1. [ 1 ENA-web ¥ POStProceSSIng
o - Select Units \ ENS0160 Online
ENA-Web - PostProcessing
\ ., x(t)
Wl (select Units
Hist (x) 1
Total ® 118,00k
117,50k
Spectra
2 = T 117,00k
Quantity Limit 95% Max / *Min Under / *Be] Print T
Events ) ! 1
Total [ 08/05/2007 00:00 18/05/2007 00:00 28/05/2007 00:00
Frequency 10 s 250— - —100
s (Hz] %]
Lim. 1 50,08 0,0 L 4 -90
Print 9DETI0E 49,98 0,0
Lim. 2 50,08 0,0 L2 200~ =80
94 - 104 % y ¢
Total PPDS 49,98 200 J i
Voltage 10 min
(2300 V) m [%] L3 el Lo
Lim. 1 S 240,23 /240,48 / 235,82 0,0 /0,0 /
| *235,08 /234,71 /232,06 *0,0 /0,0 / N d —sn
Lim. 2 AT 240,68 / 241,09 / 236,08 0,0 /0,0 /
. *240,68 / 241,09 / 236,08 *0,0 /0,0 / T 100— il
Flicker -1 [%] 30
PLT 10min. <1 0,50 /0,52 /0,50 0,0 /0,0 /
PST 10min. <10 0,59 /0,61 /0,60 0,0 /0,0 / 50— -20
THD [%] [%] J -10
THDu 10min. £8 % 4,47 /4,38 /4,56 0,0 /0,0 /| —— —
THDu 3s. <16 % 4,64 /4,51 /4,72 0,0 /0,0 / 0 ] | T ] y | i 20
Unbalance U [%] %] L 116,80k 117,00k 117,20k 117,40k 117,60k 117,80k 118,00k 118,20k
U":a:- (neg.) 10min. e — 0,75 0.0 Values in graph LS| [1e@Wd 26D  Grapht &
ﬂ:bzl' E;‘:f))fnsmn = °/° g’gj g’g % ENAO1- W01 A, 50160, U rms [V] 11.5.2007 = 21.5.2007 = 117,9k 118,0k
e (L e e - 7:41:47 | 16:08:13 | 117,8k  117,9k
Ll adltinres e . & 10d 8h 26m 25s 117,8k | 118,1k
Signals U [% Uref] [%]
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Additional Case Studies

* Power Quality Monitoring and Power Metering Tutorial
— http://zone.ni.com/devzone/cda/tut/p/id/4714
« Real-Time Monitoring and Analysis System for Power Quality
— http://sine.ni.com/csol/cds/item/vw/p/id/134/nid/124400
* Internet-Ready Power Network Analyzer for Power Quality Measurements
and Monitoring
— http://sine.ni.com/csol/cds/item/vw/p/id/387/nid/124400
« Creating Power Acquisition Network (PAQ Net) with NI LabVIEW
— Hittp://sine.ni.com/csol/cds/item/vw/p/id/363/nid/124400

* For more details visit www.ni.com/info and type “Power”
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PQ ENA450 Summary

cRIO-based Power Quality Analyzer ENA450 is ready to use
solution for distributed fixed installation

Comprehensive suite of SW components allows building distributed
monitoring systems with central database

LabVIEW flexibility allows fast modification of PQA to add and
modify functionality as needed
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Asset Monitoring

National Instruments
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Predictive Maintenance Means Savings

* Asset Management
— Improves reliability of machinery
— Lowers energy cost of running machinery
— Lowers resources necessary for maintenance

« Structural Health Monitoring
— Builds a smarter infrastructure

— Improves Safety
— Lowers Cost of maintaining current infrastructure
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On-line Monitoring: Performance & Health

1 Vibrations
c ® Noise
2 Conditions
2 start to change
3
(D)
£
S Heat
©
=
Smoke
- <410 min
> 2 days
< 2 weeks >
< 3 month >
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Increasing Availability

Preventative Maintenance

Machine 4
Health

l Predictive Maintenance

Acceptaéble Operating Zone
: Run to-Failure

>
Time
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Trend and Real Time Analysis

Smart Monitoring and Diagnostic

Condition Maintenance
Asset Management
Power Quality
Safety
Reliability
Operation cost reduction
Maintenance cost reduction
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Hydro Plant: Overall architecture

Signal Generator Generator (o Generator
Conditioning = —_ —_—
Dynamic
Stator
Measurements urbine @
S | g na | - enerator Shaft
Processing N f urbine Turbine

Turbine Blades

v ¥ Process Variables
! Static Measurements

SCADA - Enterprise Network
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Machine Monitoring Functional Capabilities

Sensor/Transducer/Manual entry

<> (g2 Data Acquisition (DA) <>
vV
Bearings dB FFT, Order Data Manipulation (DM)
Analysis,

' Wavelet
vV

State Detection (SD
< Alarming o> (SD) g
External
systems, data ':Tf Technical
archiving and : displays and
block I\S/lumrr]p aan]eS ith Health Assessment information
configuration 2 Z?agljz?ast(ia:s (HA) <>| | presentation

Prediction of when Prognostic

machine will fail. Assessment (HA) <>
Statistical Analysis

: =
=

Vv

Provide actionable Advisory Generation | <>
info regarding (AG)

maintenance.

Diagram from ISO 13374-1 Condition and Diagnostics of machines
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User Solution: Veski

"The continuous monitoring of vibrations and other signals is critical to predicting
mechanical behavior and efficiency and usually requires continuous data acquisition
and online database analysis. VESKI, a Croatian-based consulting firm that
specializes in vibration analysis and diagnostics, relies on NI LabVIEW and NI
CompactRIO at the core of its CoDiS monitoring software. "

‘7 NATIONAL
’ INSTRUMENTS



User Solution: Veski

(Just in case you’re not sure where Croatia is)
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NI. an Asset Health Monitoring Supplier

Machine Condition Monitoring has its own business segment
Specific hardware and software products
Leveraging over 15 years in Sound and Vibration applications
Leveraging over 20 years in instrumentation control software
Leveraging over 30 years in computer based instrumentation
Domain expertise employees and partners
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Additional Resources

Power Quality Monitoring Resource Kit

L}
. WWW. n I u COI I l Questions? Get real-time assistance now!

— search Power Quality Monitoring
— search MCM

Energy Storage Systems — search Energy
_—————
Og_sponsﬁ GI-time assiétace now! - n | CO m/trylabVIeW

TR
—a

Energy/Power Tools

Third Party
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Summary and NI's Role

Supply the tools for Design, Prototype and Deploy
* To Modernize the Electric Grid
» To empower the R&D in Science and Education
Qualify and Develop Workforce

Enable

Development of Smart Grid and Self Healing Capabilities
Innovative Power Quality Solutions — T&D management
Asset Health Monitoring — Improve Performance and Lifecycle

Support the Cultural Transformation
» Efficiency
* Resource Reuse
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Smart Grid - Future

“You CAN measure it, you CAN
improve it”.
—National Instruments
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Case Studies
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Internet-Ready Power Network Analyzer for
Power Quality Measurements & Monitoring

Challenge

— Designing a PC-based power quality analyzer
and running all instruments in parallel

NI Tools
— LabVIEW, Dynamic Signal Analyzers
Results

— Distributed system of 8 instruments, data
processing and storage were done In
parallel

— Open framework that can implement
future modules

— Powerful & user-friendly power quality
analyzer

“We continue to use the power and performance of the PC technology and NI
products to implement more time-demanding advanced signal processing
algorithms.”
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Performing Advanced Nuclear
. Challenge Plant Research

= Certifying next generation
nuclear reactors

Nl Tools
= DIAdem

= LabVIEW Datalo?ginl\% and
Supervisory Control Module

* Results
» Reduced validation time

= [ntegrated solution with third
party designs and tools

“Working as a team, OSU research and NI technology created a capable and
validated data acquisition, storage, and retrieval system.”
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Testing High-Voltage Surge
Challenge Arrestor

= Characterizing the performance of
metal-oxide varistors for overhead
power distribution systems

NI Tools
« PXI
= LabVIEW

Results
= Improved safety

= |ncreased measurement accuracy
to better understand performance

= Improved data throughput speed

“By switching our test system to use LabVIEW and the PXI digitizer, we improved
our measurement results while also increasing the safety of our test program,”
ABB Switzerland
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Real-Time Monitoring & Analysis
System for Power Quality

 Challenge » Results

= Certifying next generation - Reduced validation time

nuclear reactors = Integrated solution with third
arty designs and tools
« NI Tools barty 0eslg

= DIAdem

« LabVIEW Datalogginla and
Supervisory Control Module

“Because of the powerful analysis tools of LabVIEW combined with a high-
performance embedded controller, live monitoring of frequency deviations,
detection of deformations, and spikes is possible .” Ngee Ann Polytechnic

PELYTEOCHMILG

@ NGEE ANN
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Creating Power Acquisition
Network
« Challenge

— Developing an independent network of
power quality analyzers and a network
server configuration tool that can provide

gata t;co other interfaces and store to a
atabase. ELCOM
? a [ | S [ |

* Results

= Power quality monitor with many different
distribution points

= Real-time operating system

= Scalable, remote controlled based power
analyzer

"Using National Instruments RT Series DAQ and PXI devices
compatible with the LabVIEW graphical development environment
enables us to run the PAQ Nod ELCOM on independent hardware
using a real-time operating system.”
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Using NI CompactRIO to Design a Maximum Power Point

Tracking Controller for Solar Energy Applications
Application: A system for real-time

solar cell calculation to ensure that 5 Buck Converter 6V 10 AH
the maximum power output is "
achieved in a variety of | 1018V
environmental conditions. : — > DODC |
olar Cell Convete Battery
Challenge: Identifying an efficiency ‘
point that achieves maximum solar PW&%E‘CYCE
cell power in varying environmental Duty Cyclefor
conditions. Converters | Voltage

VIV, Cument Confroller Load

Products: Legacy Devices, Real-Time

Module, LabVIEW, cRIO-9101,
FPGA Module P= Vs ke NI CompactRI0 6V OC Motor

Key Benefit: CompactRIO increased . . o
tiAterave clemgtetheus rpplichdenmigrspntinued to receive service from NI applications

enginoepsidaite Raa ttieen with our maintenance and technical problems, and the annual
forHRY GIRIIBE R AEBR Svere helpful.” Ru-Min Chao — Electromechanical Research Institute

Using NI CompactRIO to Design a Maximum Power Point Tracking Controller for Solar Enerqy Aapplications

‘7 NATIONAL
’ INSTRUMENTS




