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ABSTRACT

system. a

the hydrogen energy storage it with a centralized supervisory controller and data

the purpose of thi
diesel-hydrogen hybrid power system currently under development at Ramea,
Newfoundiand. This thesis illustraes the implementation of a half-duplex. collective

PoverLi
alows the system 1o have 8 redundancy network and provide unintemuped
communication between the wind tubines and the main power building, Power line
couples with high pass fiers and high frguency amplifers ae also designed and
implementd o pemit data transmision through high volage power lines without

affectng the performance of the data acquisiton system. The rescarch also provides the

p

solution.
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CCHAPTER 1: INTRODUCTION AND LITERATURE REVIEW

por for decades not

anly ‘por e
unable to connet o main pover rids. Neverteles,fossl fuls”continuous cost growh
and carbon emissions have made rral poer plantsshifld from dieel o 3 combinaton
of renewable encrgy tehnology and diesel engines. Having evolved into hybrid power

systems, cnergy grid's

only to monitor and contol selected carbon free sources of energy but to maintain o

balanced distibution on power demand.

1.1 WIND-DIESEL HYBRID POWER SYSTEMS WORLDWIDE
Renewable energy systems can be a sustainable energy source guaranteeing rliabiliy,
sustainabilit, and affordabilty, but because of their natural characterstcs they ofien
have an intermittent energy source which requires complex techniques for optimal
wilizaion. As & counter measure o potential power outages, hybrid power systems
provide a higher level of stabilty with a combination of several carbon-free energy
Sources like wind or sola and non-renewable sources like dicsel or natural gas. Remote.

power system categories are shown in Table 1.1



‘Table 1.1, Tsolated power system categories 1]

Category

Wi Sysem

[ Power Sysem

Implementtion of these hybrid systems has spread worldwide, countries like Australia,
Canada, China, Grecce, Norway, UK, USA and others, are increasingly growing their
. -

Rexibilty, power effciency, and economic growth among others. T. Ackerman [1]
analyzes the istory of hybrid power systems, their categories depending on power
capacity, and illusraes a list of hybrid power sysiems installed in Sal, Cape Verde;

Mindelo, Cape Verde; Dachen Island, China; Kythnos, Grecce; Lemnos, Grecce.

Table 1 i wind-diesel ol I

led around the globe, the

Meridian Energy [2)  report

contaiing echnial information about Ross Ilnd, Antactica hybrid cncrgy system. S
Beanett (3] shows a chronlogial xpose of Ross sland’s (Antareis) Wind Eocrgy
projet progrssrepot p to Dee 2009, The Renewabe Enersy Aliska Projct repots
[8H15] illstste technical data sbout hybrd power projects o Summitsiation
(Greenland), Kotzebue Al (USA), Guantanamo (Cuba), Ross Islnd (Anarica), St

Paul Alaska (USA), Coral Bay (Australia). The National Renewable Energy Laboratory.



[6) presents power capacity information and wind penetration data of the hybrid power
system in Mawson, Antarcica. J. Zimmerman (7] and D. Clarke’s [8] research has
information about isolated renewable energy/diesel systems installed in Bremer Bay,
Coeos Island, Denham, Esperance, Hopetoun, Graciosa, Fores, Rotunest, and Ross sland.
in Australia. P. Lundsager et al. [9] reports technical information about hybrid power
systems installed n: Sal and Mindelo (Cape Verde), La Desirade (Guadeloupe), Marsabit

(Kenya), Cape Clea Iland and Rathin lsand (irand), Froya (Norway),

‘Table 1.2, List of Some Wind-Dicsel Hybrid Power Systems
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111 Canada’s Wind Power Capacity

‘Although Canada has made a remarkable effort on expanding ts national wind power
capacity as seen in Table 1.3, there has been liile progess with hybrid power systems
development. According 1o 1. Macgillivray [10] and the news reports [11}-{13] the
“Toktoyaktuk Wind-Diesel project will save 88,000 ltrs o dieselper year and will offset

247 tones of emissions year ong.

‘According o the escarch done by T. M. Weis and A. linca in 2007 [14] there have been

severallow-penctration wind-diesel systems installed across  remote Canadian

Cllesmere Island

commanite like Big Trout Lake (ON), Cambridge Bay (Nunavus
(Nuanvun, For Severn (ON),Igoolik (NT),Iqluit (Nunsvu), Kasaboika Lake (ON),
Kugkluktuk (Nuanvut), Kuujjuaq (PQ), Omingmakiok (NT), Sachs Harbour (NT),
Rankin Il (Nunavus)and Winisk (ON), bt oly Cambridge Bay and Knjunq hybrid

Other initiatives like PEP's Energy Corporation [15] or B. Saulnier and R. Gagnon [16]
are new Canadian developments on hybrid power systems. Projects like Nalcor Energy

“Wind-Hydrogen-Diesel (WHD) Power System” in Ramea NL, Northerm Wind



Tuktoyaktuk's project, PEI Wind-Hydrogen Village and Quaqiaq's studies are some of
the major research contributions o the few Canadian national efforts 1o provide rural

communites with effcient and cleaner sources of energy in order o reduce carbon

Techaicaldata from Table 1.3 was retievd fomthe Canadian Wind Encrgy Associaion
(CANWEA) [17] 18] stdie:the reports show raphs and tabies explining province’s
wind insalied capaity and the Canadian wind cocrgy projcts with a signed power
purchas agreement andlor already under constrcton’constrction pln in pace as of

Aug. 24,2010,

Table 1.3, Canada’s current wind farm capac

Instaled | Panncd Under
Capacity | Constrution
oW | W)




12 WIND-HYDROGEN-DIESEL (WHD) POWER SYSTEM OF
RAMEA, NEWFOUNDLAND

Located six (6 R

Of 600 residents, s Hybrid Power System, shown in Figure 1.1, has a 2.775MW diescl
plant consisting of three 925KkW dicsel generators and six 65KW wind turbines located
North-West of the island added to the sysem by Frontier Power Systems

(itp /e frontierposwer com).

simvac Sox G5k Wind Toomes
v

Power Coral |, |
System
N, S
e D G 1

e N P

Figure L1 Carrent Ramea WHD Power System

According to “Ramea Wind-Hydrogen Diesel Project” 2007 progress report done by
Newfoundiand Hydro (http-/swwalhnica) (a Naloor Energy company),  the
development of the hybrid power project was underiaken by Nalcor Energy

&



(itp s nalcorenergy.com), they upgraded it in 2009 with three new 100KW wind
turbines sited north of the Island and a Hydrogen faclit currently under development

[19). Their power i ines wind, hydrogen, snd diesel

reduce the isolated community dependence on diesel and replace it with energy

gencration from a rencwable resource.

Figure 13 Sis (0 6SKW Wind Turbines

In Scptember of 2004, Newfoundiand Hydro began purchasing wind energy from Frontier
Power's wind turbines (WindMatic WM1SS, see Figure 1.2) which can have a combined

ind penctration of 750 tones The

new three i ey werepostoned 130m, 20,
and 270m (see Figure 1.3 from the Main Power Control Building (MPCB). Naor
Eacrgy's winer 2010 “Ramea Report” menions that the new wind tbincs were
comisioned in December 2009 and gencrted cncrgy on the Ramen rid for the first

time on May 8, 2010 [20].



Figure 3. Three (3 100KW Wind Turbies

‘With Frontier Power's wind turbines Data Acquisition System (DAS) located 1.6km of
the Main Power Control Buikding, the only remote connection currcnly installed is a
wireless link between the DAS and the MPCB by the use of two Cironet HN-210D.

transceivers. i sally

during winter season. According o the HN-210 datasheet, its functional frequency is
2.4GHz ISM band which allows them to operate in the free-license clectromagnctic

spectrum [21]. The problem reles in transmiting under hazardous weather conditions

hail,

conirol; a 2.4GHz transmission is vulnerable to atmospheric attenuation. A reliable and
low cost communication solution must be engineered in order 1o have a trustworthy

‘control of Ramea’s Hybrid Power System.

‘A communication system prototype for the remote WHD hybrid power system currently
under development at Rames, Newfoundland is presented i this document which

motivation and focal poi i in relisble and un-

interrpted data transmission throughout the power grid, no. modification on current




power

for superior transmission stabilit, and comparison of commonly prefered techniques

based on hybrid transmission between a wircless connection and data communication

through existng power lnes.

In chapter 2, hybrid power systems’ communication methods are evaluated in order o

ha is. In chapters 3 and 4, system

prototype fe  ady troduced, engincering detal

and finally lab results and costeffectve solutions are studied for cvaluation purposes.
Conclusions and recommendations are discussed in chapter 5 for possible future

development of the project




CCHAPTER 2: COMMUNICATION METHODS FOR HYBRID

POWER SYSTEMS

Hybrid power solutions are always demanding trustworthy communications between
renewable and non-renewable power systems to faciltae supervision and control of
carbon free sources of energy and maintain a balanced distibution on power demand. In

order o accompli

a constan and relisble communiction lnk, numerous technologics
s to e evaluated base om prformance under any westher condion, ramsission
scurty, dedicated physical layer dependence, costffectve solution, bandwidh
capailes, among others. The sudy will focus o technologies ke Fiber Opic, SO,

CAN Bus, Wi-Fi, WIMAX, Low RF links, and PLC.

Table 2.1 shows a sample of anslog & digital parameters measured o run proper
dingnostis on wind tubine peformance, statistical nalysis, historical data rcord,
updates on weather changes, remote contol dynamic wamings, and other features
necded for the hybrid powes systen's Superisory Control And Data Acgusion
(SCADA). A saitabl and reiable physicallaer of communicaion i indecd needed for
unintermpted remote recording of these parametes, A. L. Percira in 2000 studied
mehods ke Paralle prt, Universal Serial Bus (USB), and Ethernt LAN for “Modular
supevisry conroller for hybeid power sysems” (22], R. Sebasian, M. Casir, £
Sancristobal F. Yeves, J. Pire, and J. Quesada in 2002 proposed i thee research

“Approaching hybrid wind-diesel systems and Contrller Arca Network” a CAN Bus as a



suitable implementation for hybrid wind-diesel systems [23]. Ramea's power system

‘communication network relis on Fiber Optic and RF wircless transceivers, but there is

require modifying the infrastructure such as Power Line Carri or PLC which can be.

adjusted to meet this requirement.

Table 2.1 was sampled from Newfoundland Hydro's “Ramea Wind-Hydrogen-Diesel

Project, Realistc Point Count for EMS Group — St John's” report. They provided the

P Appendix A
Table 2.1 Wind
WindMatic WHLSS. uni PontType | Sean Rate
vere Power W Aoy 105
RotorSpecd. [ Anslog. 105
st Wi Speed s Aoy o
One Min Avg WindSpeed s Aoy o
e MinAve Wind Specd s Ansiog. o
Hour Online Aoy s
Cumulaive Energy Production o Ansog. ™
Bresker Sas Open Closed Digial ™
Permision o Operie Yoo Digial or




2. FIBER OPTIC
In recent years, Fiber Opic has become more appropriate for high speed data
‘communication. The use of optc light pulses through the fiber ines instead of electronic

pulses makes it unaffected to electromagnetic interferences, and with proper

conditions as mentoned in 1994 by H. Kirkham et al. [24]. Figure 2.1 below (retrieved
from Home Theater Accessories Resource commercial webpage “How Optical Cable
‘Works" [26]) shows the composition of an optcal cable, Mary Bellis article on “The
bt of fiber optcs” explains that a Fiber optic cables are optic wires inside an outer
insulation that transmit digital information using light Waves traveling by intemmal
reflection over longer distances than any other high speed wired form of communication

2]




speed

‘and has been used for the communication network of the new three (3) 100kW wind

urbines at Ramea. e do the curent fiber ptc cables conneeingthe wind trbines
1o the MPCB sow them to reach Gbps rnsmissions, Table 21 ahove shows that the
parameter scan rate doss mot requie high bandwidh capability. Inconveniencs like
levsd costs and installation makes e optic ot suable for Ramea's ybeid power
sysem. Acconding to Newfoundiand Hydro, CANS19,380.00 was th cstimated cot for
only the fiber optic cables and consideing expanding this network (0 the 6SKW wind
turines’ DAS il no il h low budget aspisionof i proect.

2.11 Free Space Optical

Emulating a

Optic communication in a wireless environment could be another
approach. A. Akbulut, H. Gokhan IIk, F. Ar in 2005 mention in ther study “Design,

Availability and Relisbilty Analysis on an Experimental Outdoor FSORF

Communication System”, that a Free Space Optical (FSO) technology can provide a
155Mbps full duplex connetion, but the FSO devices have to be carcfully installed in

specificlocations as they need a “Line-ofsight alignment”, ission i very

epi ions [27).

for i d sine I

of site transmission s not possible due to a hill between wind turbines’ DAS and the

diesel plant (Figure 2.2),



" Figure 2.2, Hil betweenthe DAS and MPCB

22. CONTROLLER AREA NETWORK (CAN) BUS
In 1986, the German company BOSCH developed CAN initially as a communication
protocol for automotive  applications. Shortly afier, it was standardized i the
Inermaional Organization for Sandardizaton 1SO 11898 & 11519 allowing the protocol
o be used in a wide varity of networking devices including automotive, naval, medical
and industialapplications s mentioned in Renesas Flecironics Corporation
“Introduction o CAN" study on CAN's outine, protocol, features, and. standard

specifications [28].

For a smal overview of this communication method please refer to Renesas Electronics
Corporation’s “CAN connection diagram” on Figure 2.3 below, the CAN Controller
decides the bus level (Dominant or Recessive) by the potential difference between the



two cables (the “Bus”), connected transmitters send signals o the receiver by altring
these levels. If two or more devices transmit at the same time, the CAN Controler will

decide which signal pass first depending on their prioriy status.

Even though the 2002 study of “Approaching hybrid wind-dicsel systems and Controller
Arca Network” menions some advaniages (0 the usage of a CAN Bus like switching

- wiring, ethod

still needs a dedicated physical ayer, an antagonistic feature to the un-moified power

infrastructure attibute of this resarch. Additionally, the CAN Bus dependence on clock

can be avoided with

technologies.

Figare 2.3, e CAN conection dingram



23. WIRELESS ETHERNET

Since the beginning of the 21* century, wireless networks have been exponentally
growing and constantly required for faster Ethernet & Intemet access. Cheaper
installtion expenses and total independency from physical Fthernet ports are the most

attractive features in wireless communications.

Low available wireless Ethernet that uses the IEEE

80211gor80211n 24,36md 3 ind o ususl
bit rate of S4Mbps (modems that uses IEEES02.11n standard can achicve up fo

600Mbps), and it outdoor tansmision varies from 100m-420m without compromising

their bandswidth capablities. Intl Corporation's artcle on “Helping Define 802.11n and
other Wireless LAN Standards” states that increasing the throughput can be achicved by
using the technology referred 1o as Multple-Input-Multple-Output (MIMO) which

designated area [29], but this

means o biges for
this project due to their dependence on present conditions and their limited oudoor

communication range.

23.1 World

€ Interoperability for Microwave Access (WIMAX)
Another possibilty could be the use of WIMAX, a wircless telecommunication
technology that uss the IEEE 802.16 standard, provides mobile infemet access, around

40Mbps bandwidih, and operaes under Hcensed spetrum owned by wieles servce




providers. According 1o Intel Corporation's study on “How WIMAX works”, mobile

WIMAX i provi rage than Wi-
Fi networks (up 10 two kilometers depending on terrain), and used commonly as a last
mile wireless broadband  replacement for Digital Subscriber Line (DSL) [30]
Nevertheless, the transmission is outside the unlicensed electromagnetic spectrum so
there has to be a conract involved with a WIMAX carrier. Therefore, it would be a costly

Solution for hybrid power systems.

24. LOW RF TRANSCEIVERS

Transceiver is a device that has the capability to transmit and receive within the same
circitry. RF Transceiver uses Radio Frequency modules usually for high specd bps
transmission, & wircless approach o LANs, but under extremely hazardous weather
conditions ke snow or hail storms common in Ramea during winter season, wircless
transmission frequency band must be in sub-GHz. From Dr. J, Takei's analysis on
“Digial Wircless Communication Basics: Overview of basic concepts”, it is

them

perfct to transmit even in extremely bad weather conditions as no attenuation and RF

wave scatering s generated by snow orrain drops [31),

Even though the bit rat s lower than the Wircless Ethernet modems, they are very.
appropriste for Ramea's communication system as we could transmit data packages at

Tow speed (57.6kbps) without affeting DAS performance. This data transfer rate can




2.5 POWER LINE CARRIER

Power Line Carrir (PLC) or Power Line Commurication technology incorporses high
frequency signals traveling throughout power networks o dedicated PLC receivers
disrbuted among the same complex. Using elecric power transmission conducors as
‘communication media will achieve a bidirectional data communiction saving resources
Without installng new dedicated cabling. Applicaions for his technology include D. D.
Bois, Encrgy Business “Broadband over Powerlines (BPL) in  Nutshel”, which provides
st users with high specd intemet access through regular power outets (32], and
“Home Automation” [33] technology that allows house residents 1o contol lights &
appliances remotely using PLC modules such as: NETGEAR [34], X10 [35], LonWorks
361, INSTEON [37], EHS (Furopean Home Sysicms) (38], KNX PL 110 [39], among

others

‘Above applications focus on domestc use (commonly 120-240VAC power lines) but to
successfully ransmit data through high volage cabling (>1KVAC), without damaging

microcontrolles or other low voliage devices, there has 1o be a proper installaion of

s Dedicaed PL. " y
and fiering stage between the modems and high volage carers, and & fnal
synchonizaton process with the high volage signa. The purpoc s 1o have  bilseal
communication between the DAS and the MPCI without modifing the power system

infrastructure currently i place at Ramea.



In order 1o achi transmission, a ication network can be.

accomplishd if PL 3 link and low RF trccivrs as backup. Using
PLC as primary is based on continuous presence o the power lin cable, it is usually
avilble the 24h of any giving day s it is permanently connected from DAS o the
MPCE but i  miscommunication occursthe the wirles ik will ecome enabled for
data ransanisson. By implementing PLC and low R transceivrs we can achieve
relisle Jow cost communication systm for control and daa scquisiion of Ramea's

ybrid power system.

“The rationale to opt for PLC & Low RF transceivers instead of the others is based on the.
previous analysis of above technologies. PLC & Low RF have cconomically feasible
modems, accurate transmission capabilites under any weather condition, embedded

wieless transmission encryption, no dedicated physical layer, redundant communication

capabilites s a hybrid e po
P pe of modems, and i for
Ramea's

the next two chapters.



CHAPTER 3: COMMUNICATION SYSTEM FOR RAMEA’S
HYBRID POWER SYSTEM

The communicaton sysiem design is based primarily on transmision contnity and
elaily, that i why the DAS-MPCB. network will have two diffrent ypes of
{echnologis, the PLC system vl b scup as primary and wireles lnk as backup. Lo
budget Netgear XE102 PLC modems can accomplish a sae communication with &

‘modified coupling stage that will allow a safe link to the existing high voltage carrier

(816KVAC). Thi i "
necessary requirements for @ remote sccess and network management from

Newfoundland Hydro's control centre in St. Joha's, NL.

For the wircless link, LaridTech AC4790 transceivers are suitable for Ramea’s atypical

i requency 928 Mz, o
srial interfac, enhanced inerference rejection, an enabled co-located system operation
with increased output power and data integrity [40]. Preliminary field testing

demonstraed that successful transmission can be achieved at a maximum distance of

3.1. TRANSMISSION ALGORITHM
Figure 3.1 shows the transmission algorithm that the Data Acquisition’ System

Transmitter (DAST) follows. The DAST emulates receiving daia from wind trbine.

in Table 2.1 P vgh the PLC; the



Main Power Control Buikding Receiver (MPCBR) then replies an acknowledgement
signal which finaly closes the DAS-MPCB communication loop. Failure (o do 5o, the

DAST recognizes this as a communication breakdown and re-transmits the same.

the wireless link and wai MPCBR
‘Whenever a new data package is ready for transmission, the DAST will send it again

through the PLC and wait for the MPCBR's reply,if the MPCBR fils again the DAST

Wil try 1o close the communication loop through the wireless link. Please refer o

Appendix B for microcontroller’s source code.

Figure .1, DAST Ty

omisson Flw har 41



32. COMMUNICATION SYSTEM SETUP

Figure 3.2 illustrates the complete communication system with the two communication

prototypes.

iy

The DAS serial i (rfer to Appendix E for full

DAST T 125) setup that

allows the DAS to administrae the desired transmiss

ink (see Figure 3.3). While the
ACA790 necds RS232 protocol (MAX232ACPE), the PLC modem (Netgear XEI02)
needs TCPIP, 50 a Seriakto-Ethenet. adaptor (XPORT XPI001000-03) is used o

connect the buffer setwp 1o the XE102, this enhances the DAS-MPCB. link with

independent ess. The,

through RS232, adjust the signal with a FHSS FSK modulation, and sends it to the
MPCBR. On the other hand, the Xport adaptor receives the data using the RS232 serial



interface (CMOS Asynchronous, SV Toleran), and sends o the XE102 modem using
TCP/IP protocol. Please refer o Appenix F for DAST's schematic diagram, each stage

is explained in subscquent scctions

ACATIO Transcaier

1CD:nductve Couping Devics

HPFoHFA

XE102Modem

Figure 3.3, Data Acquiiion Sysem Tramsmite Prototype Seup (2]

3.2.1. DAST’s Microcontroller Pin Configuration
Table 3.1 describes the purpose and application for each of the PICIGFST3A. pins
considering the following classification: NC: Not Connected; I Input; O: Output; TTL:

‘Transistor-Transistor Logie Input/Output; ST: Schmitt Trigger InputOutpu; P: Power.
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Lantroni, nc. “XPort Embeddd Device Server” s used o ink DAST's PICIGFT3A to

the XE102, it funetion is to adjust microcontroller’s TTL data to TCP/IP protocol and
ransmit them (o the PCL modem. Even though this deviee s relatively small (33.9mm

Tong, 16.25mm wide, 13.Smm tal), it comprises a 4Mb flash memory, a 25MHz crystal



oscilator, circuit reset feature, SV seral interface, embedded UART (compatible with

300-921600bps transmissions), Ethernet technology up 1o 100Mbps, and an external RJ-

Once the XPORT is connected 1o a Local Area Network (LAN), a fixed IP address is
assigned 10 it sing the “Devicelnstaler” software, and finally Telnet or a Hyperterminal

application is used for the pos-configuration process (UART setup for example),

‘The XPORT package comes with an extra tool called “Redirector” which can be used to

ereate

rtual ports for casier data access while programming the User Graphic Interface

mention i the subsequent section 3.3.1.

3.23. Inductive Coupling Stage

According o the analyzed power distribution system at Ramea, the WMISS Wind
Turbines generate 480V which is then converted to 4160V with a step-up transformer. A
coupling stage is needed o allow a successful connection between the PLC modems and
the 416KV power line. Note in Figure 3.2 that the coupling is performed afer the
480:4.16KV step-up transformer in order to avoid trnsmission instability. V. Krishnan
“Transformer Bypass Circuit® study on Power Line Communication applications,
capacitive and inductive coupling methods for PLC modules and power lne cables, are
the baseline for The DAST and MPCBR setup with an active filer (High Pass Filer

(HPF), plus High Fr Amplifier (HFA)) and an Device (ICD)




to ensure low frequency signal discrimination and proper signal propagation [44]. Refer
o section 323.1, 2 & 3 for full HPF, HFA and ICD analysis. Aflr the MPCBR
recognizes the data the acknowledgement signal s sent back through the power linc.
closing the bilateral communication cycle.

3231, High Pass Filter (HPF)
One of the designs for active high pass fiters are based on passive HPF followed by an

HEA, first

o attenuate low frequency signals including the induced AC from the 4.16KVAC plus

XE102 mode

R 2
= HRA
Elgrihnd
Ra3?

Figare 3.4, High Pas

Measures and analys

from several samples of XE102 output demonstrated that its

igure 3.5 &
the sampled signal.
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Figure 35,17 Sampl o Dats Signal

Following high pass filter mathematical formulas found on A. §. Sedra & K. C. Smith,

i, e R & C Fuith
+-3db gain, Tow feqency

peguency (/) of
Asuning 0 = 0, (0 sngulr fruency 0 o fquency ) o
Whete 024 %/ (/- feqency) @
Forafst onder vt 0, = 1 =205/ = )

1
(@xR*C) S

Subsituing C = 0.474F and R =30

'
[T et L]



3232, High Frequency Amplifier (HFA)

After the high frequency signal passes the HPF a percentage is aenuated as seen in
Figure 3.6, With the ntenion of matching the input signal shape while increasing the
output, the High Frequency Amplifir seen in Figure 3.7 will corrct the attenuation in

rder to have proper signal propagation by the ICD.
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=
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Figure 36,74 Sampl ofDat Signal

“The HFA designis based on the LM6171, a high speed low power low distortion voltage
feedback amplifier necessary for circuit requirements (datasheet on Appendix D):
operates with 100MHz bandswidih, a supply voltage range of 36V and 5V, and scope

gain of 20-200.



3233.  Inductive Coupling Device (ICD)
Inthe late 18205, Michael Faraday discovered that voltage is induced through a conductor

His

states that Volage (V' i i ‘magnet

flux over current () or:

@
V=N
7 ©

“The School of Physics in Sydney, Australi, states in their “Transformers” multimedia
archive that Faraday's principle is followed if two coils are inductively coupled,

converting ac power al a certain voltage level o ac power a a different level but same

frequency;
induced in other [46]. A high voltage pulse transformer was preliminary considered for

there i & cumrent change in one coil an ElectroMagnetic Field (EMF) is

16KV power linc,

but lab tests showed that implementing the same transformer’s concept 10 a less



AWG

forthe coupling system to sendireceive data through the power line. As show in Figure.
3.8, the high voltage cable passes through an iron core with an AWG 32 cable with 200

tums. From transformer’s design we get the induction ratio (1)

Vo Ny 200, %

| HighVobage Cable
(4.16KVAC)
Z
To HPF
< EMF
E: —
- kw2 e

Figure 18 Inductive Coupling Device Diagram

“The reason forthe “high voltage cable pass through” design instead of spiraling it around.

the core is to model a non invasive 1CD that will avoid disconnecting the power cable




As a counter measure to prevent unwanted signals passing 1o and from the inductive

coupling stage, an inverted HPF was connected to the PLC modem input and ICD input

as seen in Figure 3.9, uarantying the

s s 0 Apedic o ll DAST e
——m
=o =]
oo
V_ R4 C2
o Wiz
s

33. COMMUNICATION SYSTEM PROTOTYPES
Figure 3.10 shows the prototypes of above communication system; the DAST (left) has

the wireless LaridTech ACA790 transceiver on top, PLC Netgear XE102 modem on the

bottom left c ight; the MPCBR
on top, PLC modem on the bottom right comer, the ICD on the top right, and a small

cooling fan for hea removal purposes



MPCBR
Data Acquisiion Sysiem. Main Power Control Building
o Recerver

Figare 110, Communicaton System Prototypes

3.3.1. Graphic User Interface (GUI)

A Visual Basic GUI is designed t© be operated by the user for data control and
communication path supervision between the DAST and MPBCR. As seen from Figure
3.1 the user is capable to manually startstop al transmissions or enable/disable cach
‘communication link individually, but there is an automatic background process which
constantly scans for new incoming data, evaluates which comm. system was used,

A

same comm. lnk.

Since the DAST PLC modem s direclly connected 10 the XPORT Serial-to-Ethemet
adsptor, a TCP/IP virtual port is necessary for Power Line Communications while the
‘computer serial port is used for wircless transmissions. Appendix C contains the Visual

Basic source code.



Figare 311, Graphic ser Inerface

For lah experimentaion it is necessry o sctup the DAST and MPCBR o an emulted
16KVAC powerlne 50 b ICD systms hav to be couplod 0 @ High volage cable
conneetd o four 120V-2KVAC transformers inseis, two for cach side. The GUI must
be carfuly superised to disply which commaricaton medium was used for data
ansmissonfeception and broadeast the. acknowldgment signal through the same

medium.

Going through above engineering design we have the PICIGFS73A following its own

algorithm which not only emulates receiving wind turbines parameters but will also

XPORT

module and the MAX232, this last communicates with the AC4790 transceiver; the
XPORT transmits the data to the XE102 modem which sends the data through an HPF,



HEA, an inverted HPF, and finaly through the 1CD which induces the signal into the
416KVAC cable. To close the communication loop the GUI wil use the MPCBR to
acknowledge transmission as soon as it receives and displays wind turbine parameter
data. Now the designed Communication System for the Remote Hybrid Power System in
Ramea, NL is ready for experimental testng. Next chapier provides some experimental

results.




CCHAPTER 4. EXPERIMENTAL RESULTS

The  microcontollr's algorthm, trnsmission  synchronization, induced  data
econstruction acknowledgment of new scquired dta and subsiages were esicd in
scquence in onder 0 solte and resolve possibe difficlies withthe DAST, MPCBR,
and GUL Challenging conindrums like transmission synchronization with the high
requency buffers command contols s well as signal coupling, fiering and

"

Experimental testng results confimed a successful DAS ~ MPCB. communication as
expected. Studies of these outcomes in addition 1o prototypes’ cost analysis are

documented as such:

 Afler testing numerous versions of the microcontroller's algorithm fo solve.

PL was necessary o first

configure USART and P for 8510

let the XPORT

the Rx USART bulfer before transmitting through wircless asseen in Figure 4.1. Full

source code can be found in Appendix B.



USART_ini(S7600); I niialize USART module

/validate send/ receive data
/Delay of §5 o lt XPORT intalize

St Empty trash can
if(USART Data Ready()) /) ifrash data i received
¢
ash_=USART Read(),  //read the recived rash data

)
meerFiish Empy trash can

determined that with DAST fully
‘communicate with the MPCBR and record data on a terminal computer via Ethernct
without the loss of characters. Wireless and PLC signals had no instabilty and

satisfactory transmission synchronization.

As shown in Figure 42, the high pas filer, high fequency amplifer, and the
I6KVAC induciv coupling overll performance is scsepable for an ideal PLC
commusicasion. The Iductve Couping Device transfers te high (Daa) nd low
(601 power AC volsge t ower sal) requency signs to the acive high pas
filer (HPESHEA), 603z sine wae is disciminated and only the dat signl is
ampii, then processd by the PLC modem, convered fo TCPIP and last the
prsmeter s dspayed o the GUL



”w\ »@jf,mw:»;‘
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Figare 42.1CD & HPFVHFA Signal

Transmission rae analysis under laboratory conditions shows that it can reach up to
IMB20s which meets the necessary scan rae requirement predetermined by wind

urbine parameters on Table 2.1.

4. COST - BENEFIT ASSESSMENT
in Chapter 1.2, using

low cost transccivers with a 24GHz transmission which is vulnerable to atmospheric

attenuation, plus Newfoundland Hydro's fiber optc inital expense of CANS19,380.00

mentioned in Chapter 2.1; comparing it 1o what s shown in Table 4.1, a total hardware

Table 4.1, Hardware Cost

U | e scAn)

Ao | se2sa)

X2 | so00)

newnA | a0
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| 2o
Miscellneon | 510000
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modules can become even more cconomically attactive by reducing manufacturing

pen

4.1.1. Benefits

There are fundamental benefts which determine the feasibiliy, advantage, and purpose

of

project such as

o Establishing a new and cficient approach (o supervise wind turbine performance

« Reducing expenses by adding a second purpose o existing power cabling currently

installed.



« Minimizing communication failurs attibutable to hazardous weather conditions by
establishing a edundant PLC-Wireless transmission.

* Limiting onsitc ravel 10 & minimu.

o Anew i &

eneration of hybrid power systems.

Taking into account the benefis that this communication system provides, it creates &

id power




CCHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS

‘The design of a Communication System for the Remote Hybrid Power System in Ramea,

NL was not only challenging but insightful, studying the different types of hybrid power

Iter on was engineered into an unconventional approach to communicate the different

power systems. Hybrid communication for hybrid power systems combines the

described below:

. ing a half dupex with PLC and
RF technoogies combind i 1o ssre the redundancy necssry for & consant and
sable communiction. A trstworty remote transmission opens the possibilty for
auomated systms to become more independent. Curenly ot Ramea the remote

control is limited o a collective Enable/isable of all wind turbines but future

« Advantages like minimizing constant weather limitations wil provide technicians

with  relisble communication system for potential upgrades not only in remote.

supervision and control but faster technical response time on extraordinary
cireumstances like wind trbines malfunction, power cabling detachment, and data

ermor ransmissions.



Implementing PLC modems and low RF transecivrs to our system is not only an
economically feasble approach to hardware communication expenses but can also
reduce budger spending without  alocating dedicated mediums 1o remote
communicaton systems. Presrving Ramea's. curent power infrasructure will

minimize systen’s downtime instalation processes.

Witeless enhancemens to remote transmissions in addion to include extra tasks to
existing power cabling with PLC will limit onsite travel (0 a minimum, therefore
reducing fuel consumption, ground  transportation - maintenance, and traffic

misfortunes.

‘The Data Acquis

i System Transmiter (DAST) was designed with the purpose of
emulating the compilation of wind turbine parameter readings and resourcefully but

yet efficiently transmit the data with low budget expenditure.

Using XPORT adapt TTL signal
adaptation to TCP/IP corresponding to XE102 PLC modem’s Ethemet protocol

compatibilty.

A bigh frequenéy buffer arrangement was implemented for the DAST as a matter 0
synchronize two communication technologies attached t0 a single data acquisition

system. The master control for the buffer arrangement was successfully programmed



in the microcontroller which ts inverse TTL outputs of pins 22 & 23 dictates which

“The synchronization algorithm implemented to DAST’s master transmission control

was not only designed to be fully automatic but simple enough to be a recursive.

Calibrating high pass flers and amplifirs for the inductive coupling stage was an

overwhelming assignment with remarkable resuls that allowed the iron core

Control Building

Receiver (MPCBR) employing an equivalentcircuitry.

XE102 PLC modems where essential not only for data transmission through power.

lines but addi MPCBR

Local Area Network. With proper routing network configuration the MPCBR data

could be retrieved any where throughout the Worldwide Web.

The Graphic User Interface (GUI) was designed to remotely recognize which
‘communication method is currenly been used for transmission, monitor and display

the wind par i real time as well as having. features for

‘communication control.



o Matterslike i . on, and

taken into consideration for future upgrades o the prototypes with the purpose of
avoiding environmental, structural and personal hazards, otherwise the system can

become a mayor safey rsk t the infrastructure.

5.1. FUTURE WORK
Various recommendations are reported in this thesis for future improvement of the
“Communication System For The Remote Hybrid Power Sysem In Ramea
Newfoundland” in order 1o adjust the prototypes to multiple hybrid power system

infrastructure configurations:

o Abaiery

advantage of a semiindependent feature like having a constant communication in

case the power system is switched off for maintenance or cabling detachment from
the main power network. For future references, on Table 4.2 below you will find the

theoretical load consumption of each DAST device in order to maintan a wircless

connceton with the MPCBR:
‘Table 4.2. Load Consumption
Component
A D
FCTA [ 30wA
WAXEZ -
SATIES | GinA

2w




Implementing a transformer bypass wil climinate the PLC constraint and transmit

signal even if the DAST is connected before a main power transformer. An optical

b mighs it budget lasr point at
used iter while  light-

receiving device or diode is attached to the other side of the transformer, and with
ilers, amplifirs and ICDs, the signal can be re-adapted for PLC transmission. The
light transmiter and receiver must be encapsulated on a darkblack cylindrical non

metal tube 10 avoid losing data packages or transmission error.

Fuure studies on how 1o interface the prototypes with hybrid power sysiem’s

Implementation of a compatible encryption algorithm for the DAST and GUI to avoid.

a potential system cracking or data thefl.

Include o Log file for the GUI which automatically records date, time, source,

‘communication path, and type of incoming data.

Improve GUI to display all information from the Log fle.

Modification o the prototypes’ encapsulation boxes for casier transportation, smaller

dimensions, and casier use frendly installtion features.
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APPENDIX A. RAMEA WIND-HYDROGEN-DI|
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APPENDIX B. MICROCONTROLLER (DAS) SOURCE CODE



USART_ini(57600); 1/ nitalize USART module
600

rte, no parity bit..)

/IDelay of 85 to et XPORT intilize

Irying T through XPORT

PORTB = 12; Enale XPORT  gen gt Disle Wircless.
USART. Wie(Windses 0/

Jsend data via US
Delay_ms (1) Iidlay of 1ms
if (USART_Data_Ready() i data i received
~ USART Read(); 1/ read the received data
=) Jacknowledgment Xport
t
)
else
¢
)
)
else
vez
if(v=2) /rying T through wircless
t
PORTB

; //Enable Wircless / red light/ Disable XPORT
—Start Empty trash can
(USART Data_Ready()) /i rash data i received



trash_= USART_Read();
)

1/ read the received rash data
USART Write("Wind speed: 10ns"); //send daa via USART
Delay ms (1); delay of Ims
if(USART Daia Ready()  //ifdatisreceived
i~ USART Read(): ) read the received data
=) Jacknowledgment Wircless

171x Failure

IDisable Wireless / Disable XPORT / No light
)
Delay (6000);

)

Iidelay of 65



APPENDIX C. GRAPHIC USER INTERFACE SOURCE CODE



Opiion Explicit

Dl e o e
Dl e Ar aeger
e s nger

o myireing
Dim modu As String

Private Sub StopCommand. Click()
Textl Text=""

Text2 Text
1FMSComm1_PortOpen = True Then
* MSComml PortOpen = False

EndIf
1 MSComm3 PortOpen = True Then
MSCommS3 PortOpen = Falsc:

EndIf

End Sub

Private Sub StartCommand_Clik()

MSComm PortOpen = True.
'MSComm3 PortOpen = True.
Do

= MSComm3 Input
Textl Text = Text] Text + xport_rx
xport = "W

EndIf
I MSComm1 InBufferCount > 0 Then
wireless_rx = MSComm1 Input



Tt Text = Text2Text + wireess_rx

Untilm="s"
MSComm3 PortOpen = False
'MSComml PortOpen = False:

End Sub

Private Sub ExitCommand._Click()
1 MSComm1 PorOpen = True Then
MSComm PortOpen = False:
EndIf
1 MSComm3.PortOpen = True Then
MSComm3 PortOpen = Falsc
EndIf

End
End Sub
Pt S Dt PLCConmand Clck)

" disable XPORT
EndSub

Private Sub DisableWCommand_Click()
e bl Wi
End Sub

Private Sub EnablePLCCommand._Click()
m = "ex” Tnable XPORT

End Sub

Pt S EvbleWCommand, k)

" Enable Wircless
EndSub
Pt SubFomn Lowd)
Comml InputLen = 1024
NSComn lnpaLen— 1024
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