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OovoD
V minulém roce se ¢tendfi mohli sezndmit s technologii ddlni¢niho

tunelu Klimkovice véetné energetické Cdsti. ZabezpeCené napdjeni
elektrickou energif tunelu je pfedmétem tohoto ¢lanku.

SPECIFICKE POZADAVKY NA NAPAJENI ELEKTRICKOU
ENERGII U DALNICNICH TUNELU

Délni¢ni tunely patii do kritické infrastruktury, definované
Bezpetnostni radou CR v roce 2002. Pro zabezpeceni doddvky elek-
trické energie v objektech kritické infrastruktury se pouzivd kombina-
ce kratkodobého a dlouhodobého zdlozniho zdroje elektrické energie,
pro kterou se pouZziva termin energocentrum.

Daélni¢ni tunely musi byt realizovdny v souladu s TP 98, kde je jed-
noznacény pozadavek na napdjeni technologie tunelu ze dvou nezdvis-
Iych zdroja v prvnim stupni ji§téni. V praxi to znamend, Ze napdjeni
tunelu musi byt realizovdno ze dvou nezavislych rozvoden na trovni
110 kV a vyssi. Pokud tento poZadavek nelze splnit (coZ je i pripad
tunelu Klimkovice, kde jsou sice dva privody 22 kV, ale z jedné roz-
vodny 110 kV), musi byt tunel vybaven zdloZnim zdrojem — energo-
centrem. Vysledné usporadani je na obr. 1.

Z pozadavku na dlouhodobou nezdvislost objektu na doddvce elek-
trické enegrie z vetejné sité vyplyva dominantni role dlouhodobého
zdlozniho zdroje v energocentru. Typickym dlouhodobym zdloZnim
zdrojem, ktery asi nebude v dohledné dobé¢ nahrazen, je dieselgenera-
tor. Je to spolehlivy stroj s jednoduchou tdrzbou a s moZnosti doplio-
vani palivové nadrZze za provozu. Moderni konstrukce a elektronické
fizeni zajiStuji i spInéni stdle pfisnéjSich emisnich limitd pii rozumné
mife spotieby paliva. Jeho jediny handicap, a sice schopnost doddvat
energii a7 po nékolika sekunddch po startu, kompenzuje krdtkodoby
zalozni zdroj, ktery pracuje on-line a ma takovou kapacitu, aby zabez-
pecil napdjeni zatéze s dostate¢nou rezervou do té doby, nez je diesel-
generdtor schopen z4téZ prevzit sam.

AKUMULATOROVE UPS

Jako akumuldtor energie v kratkodobém zdloznim zdroji (obvykle
nazyvaném UPS — Uninterruptible Power Source) byly pouZivdny olo-
véné baterie.

Olovéné akumuldtory se praveé v objektech dopravni infrastruktury
(zelezni¢ni i silni¢ni) v minulosti pouZzivaly i jako dlouhodoby zdroj
elektrické energie. Akumuldtorovd sada o potfebné kapacité byla,
a stdle je ve vybavé vétSiny Zelezni¢nich stanic. Najdeme je
i v elektrdrnich a v dalSich provozech.

INTRODUCTION

Last year, readers could get acquainted with the equipment of the
Klimkovice tunnel, including electrical installations and the power
supply system. The power supply system is the topic of this paper.

SPECIFIC REQUIREMENTS FOR MOTORWAY TUNNEL
POWER SUPPLIES

Motorway tunnels belong in the critical infrastructure which was
defined by the National Safety Council of the Czech Republic in
2002. A combination of short-term and long-term backup power
sources, which is termed energocentre, is used to secure power
supplies in facilities of the critical infrastructure.

Motorway tunnels must be carried out in compliance with TP98
specifications, where there is an unambiguous requirement for supp-
lying tunnel equipment from two independent sources, providing
the first degree protection. In practice, this means that the tunnel
must be supplied from two independent substations at the 110kV
level or higher. If this requirement cannot be met (which is the case
of the Klimkovice tunnel, where there are two 22kV feeders but
both of them come from one 110kV substation), the tunnel must be
equipped with a backup source — an energocentre. The resulting
arrangement is shown in Fig. 1.

It follows from the requirement for long-term independence of
the facility on power supplies from public network that the role of
a long-term backup source in the energocentre is crucial. A diesel
generating set is a typical long-term backup power source, which
probably is not going to be replaced in the foreseeable future. It is
a reliable machine, simple to maintain, allowing fuelling up under
the machine operation. A modern design and electronic control are
a guarantee that the ever stricter emission limits will be complied
with, whilst the fuel consumption rate will remain reasonable. The
only handicap of the machine is its ability to start to supply power
only several seconds after the start up; it is compensated for by
a short-term backup source, which operates on-line and the capa-
city of which is sufficient to guarantee the power supply for the
equipment with a sufficient margin till the moment when the die-
sel generating set is capable of taking the load by itself.

ACCUMULATOR-BASED UPSS

Lead batteries were used as power accumulators in the short-term
backup source set (usually called the UPS - Uninterruptible Power
Source).
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Lead accumulators used
to be used in the past in
transportation infrastructu-
re facilities (railways and
roads) even as long-term
power sources. Adequate
capacity accumulator sets
have still been parts of equ-
ipment of most of railway
stations. We can find them
even in power stations and
other plants.

The reliability analyses
on safe power supplies
which have been carried
out for critical infrastructu-
re facilities have led to an
unambiguous conclusion:
batteries are the critical ele-
ment of an energocentre in
o 100 200 300 400 500 00 700 800 500 1000 1100 1200 terms of reliability, not
only batteries in a UPS
source or in a station set,

Pocet cyklu / The number of operating cycles

[—100% 50% — 30% | but also starter batteries in

a diesel generating set.
Obr. 2 Zivislost kapacity baterie na poctu provoznich cyklu (graf je prevzat z katalogu firmy Yuntong Power, obdobné Let us summarise the
charakteristiky uddvd vétsina vyrobcit) main set-backs of batteries:

Fig. 2 Dependency of the battery capacity on the number of operating cycles (the graph was borrowed from Yuntong Power

e . . e Their life-span, which
catalogue, similar characteristics are offered by the majority of manufacturers)

is denoted not only in
terms of time (three,
five or ten years) but also by means of the number of char-
ge/discharge operating cycles, is limited. Fig. 2 shows a typical
dependence of battery capacity on the number of operating
cycles, taking into consideration the degree of battery dischar-

Spolehlivostni analyzy, které se pro zabezpefené napdjeni objektu
kritické infrastruktury zpracovdvaji, vedou k jednoznacnému zdvéru:
kritickym prvkem energocentra z hlediska spolehlivosti jsou baterie,
a to nejen ve zdroji UPS nebo ve stani¢nim usporddant, ale i startovaci
baterie dieselgenerdtoru.

Shriime krétce hlavni nevyhody baterii: ge. It follows from the picture how much the complete dis-

e Maji omezenou Zivotnost, uddvanou nejen Casove (tfi, pét, pii- charging of batteries is dangerous. )
padné deset let), ale také potem provoznich cykll vybiti/nabiti. e There is a certain analogy between the battery life-span and the
Na obr. 2 je typicka zdvislost kapacity baterie na poctu provoz- operation of a car, where a preventive service examination is
nich cykld s ohledem na hloubku vybiti. Z obrdzku vyplyv4, jak carried out when a certain mileage or a certain time has passed,
je nebezpedné vybijet baterie ,,na doraz*. whichever case comes first.

e Zivotnost baterie ma urlitou analogii s provozem osobniho auto- e Batteries form the heaviest, most sizeable and most expensive
mobilu, kdy se preventivni servisni prohlidka realizuje po ujeti part of the energocentre.
urcitého poctu km nebo za uréity Cas — podle toho, co nastane dfive. e The serial arrangement of cells (DC voltage in an intermedia-

e Baterie tvorf nejtéZsi, nejrozmérnéjsi a nejdrazsi soucdst energocentra. te circuit is about 400V} it is assembled from 2V cells) is very

e Razenf ¢ldnki do série (napéti DC meziobvodu je cca 400 V sensitive in terms of operational reliability. A failure of one
a skldddme je ze 2 V ¢ldnkd) je z hlediska provozni spolehlivosti cell causes a collapse of the entire chain, thus also of the UPS
velmi citlivé. Porucha jednoho ¢&ldnku zpusobi kolaps celého source.
fetézce, a tedy i zdroje UPS. e Internal condition of a battery is hard to diagnose. Systems for

e Vnitin{ stav baterie lze obtizné diagnostikovat. Systémy pro kontro- control of individual cells indicate the current condition of
lu jednotlivych ¢ldnku udévaji stav baterie v daném okamZiku bez a battery, without prediction of the further development. In
predikce dal§tho vyvoje. Navic tyto systémy zvySuji cenu zafizeni. addition, these systems increase the cost of the equipment.

e Po skonleni Zivotnosti baterii je problémem jejich ekologickd e Environmentally friendly disposal of batteries at the end of
likvidace. Technologie pro likvidaci pouZitych baterif jsou zndmy, their life-time poses a problem. Technologies for disposal of
ale ndklady na likvidaci se promitaji do provoznich ndkladu. used batteries are known, but the cost of the disposal is projec-

e Baterie pro svij provoz potiebuji prostfedi s konstantni teplotou ted into operating costs.

20-22 °C, jinak jejich Zivotnost prudce klesd, viz obr. 3. Pro jejich e Batteries need to be operated in a constant temperature envi-
provoz je nutnd klimatizace, kterd vyrazné sniZuje jiZ tak nizkou ronment (20-22°C), otherwise their life-span steeply diminis-
G&innost zdroju UPS. hes (see Fig. 3). Air conditioning, which is necessary for the
operation, significantly reduces the inherently low efficiency of

BEZBATERIOVE - ROTACNI — UPS UPS sources.

Rotaéni UPS predstavuji alternativu kratkodobého zdlozniho zdroje,
kde akumulatorem energie je roztoceny setrva¢nik. Kvuli vyse uvede-

NON-BATTERY (ROTATION) UPS SYSTEMS

nym nedostatkim akumuldtorovych UPS se jiZz v minulosti Rotation UPSs represent an alternative of a short-term power
u kritickych aplikaci pouzivaly mechanické zdlozni zdroje elektrické source, where a rotating fly-wheel acts as the power accumulator.
energie (no-break systémy). Spolehlivé, ale rozmérné a tézké nizko- Because of the above-mentioned drawbacks of accumulator-based
otackové stroje mély viak omezené moznosti pouZiti. UPSs, mechanical backup power sources (no-break systems) were

S ndstupem modernich technologii bylo mozné tyto stroje ,,odleh- used for critical applications even in the past. However, the possibi-
Cit*, vybavit elektronikou a vstoupit s nimi do nového tisicileti. lities to use the reliable, but sizeable and heavy, low speed machi-

nes were limited.

BEZBATERIOVE NAPAJECI SYSTEMY With the onset of modern technologies, it has become possible to

make these machines “lighter”, equip them with electronics and

Predstavitelem téchto feSeni je pravé energocentrum NZ2®, pouzité - : :
enter the new millennium with them.

k napdjeni technologie tuneld na ddlnicich D8 a D47.
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kapacita baterie / batery capacity

Teplota okoli (°C)
Outside temperature (°C)

20 225 25 iy 30 326 36 ars

NON-BATTERY POWER SUPPLY
SYSTEMS

Energocentre NZ2®, which has been
used for supplying tunnel equipment on
the D8 and D47 motorways, is
a representative of this technology.

A principal chart of the Energocentre
NZ2® is shown in Fig. 4. If the electrical
network is in order, energy passes direct-
ly from the network to the equipment. At
the same time, a flywheel is supplied via
an AC to AC converter. The flywheel is,
in substance, an electric rotary machine,
which is in a motor regime under normal
conditions, and is maintained rotating at
a nominal speed of 7700 rev/min. With
the aim of minimising losses, the rotor is
in a vacuum and levitates in a magnetic
field generated by the stator, instead of
being suspended on bearings. The fly-
wheel together with the AC to AC con-
verter, a vacuum pump and other circuits

40 425 45

Obr. 3 Zdavislost kapacity baterie na teploté okoli (zdroj: Elektrotechnicky magazin 6/2008)
Fig. 3 Dependency of the battery capacity on the ambient temperature (source: Elektrotechnicky magazin

6/2008)

Principidlni schéma energocentra NZ2® je na obr. 4. Pokud je ener-
getickd sit’ v porddku, prochdzi energie ze sité pfimo do zdtéZe.
Soucasné je pres AC/AC méni¢ napdjen setrvaénik. Setrvacnik je
v podstaté elektricky tolivy stroj, ktery je v normdlni situaci
v motorovém rezimu a je udrzovan na jmenovitych otdckach 7700
ot/min. Vzhledem k minimalizaci ztrat je rotor uloZen ve vakuu
a namisto zavéSeni v loZiscich je nadndSen magnetickym polem stato-
ru. Setrva¢nik, spolu s méni¢em AC/AC, vakuovou pumpou a dal§imi
obvody, je umistén v Modulu nepretrZitého napdjeni (MNN — nekdy
nespravné nazyvany RUPS).

V okamziku ztrity napéti v siti je napdjeni zdtéZe okamZité zajisté-
no ze setrvacniku, ktery v té chvili zmén{ svuj pracovni reZim na gene-
rétorovy. Napéti ze statoru setrvaéniku je méni¢em AC/AC transfor-
movéno na pozadovanou troven 3x400 V/50 Hz.

Statisticky je dokédzdno, Ze 96-98 % vsech vypadka elektrické ener-
gie skon¢i do 2 sekund. Jsou to veskeré kritkodobé poruchy
a technologické vypadky v prenosové siti, zpusobené prepojovanim
linek VVN, a které v dikci energetického zdkona ¢. 458 / 2000 Sb.
a navazujicich predpisu vlastné poruchami nejsou (i kdy?Z jejich vliv na
provoz vétSiny technologii muZe byt fatdlni). Z tohoto davodu se provoz
energocentra NZ2® v prvnich sekunddch vypadku neméni, a pokud
dojde k obnoveni dodavky elektrické energie, je zdtéz ddle napdjena ze
sité a setrvacnik je pres AC/AC ménic ,,dobit” na jmenovité otacky.

Trva-li vypadek v siti déle (Ize programové zvolit ¢as napr. 2 sekun-
dy, nebo stupen poklesu vybiti setrvaniku napf. na 80 %), je vydan
impuls ke startu dieselgenerdtoru. Diagnosticky systém vyhodnoti, zda
doslo k nérustu otdcek z nulové hodnoty. Pokud se tak nestane, je to
v naprosté vétsiné piipada z duvodu poruchy startovaci baterie. Proto
energocentrum umoznuje ndhradni start dieselgenerdtoru provést
piimo ze setrvaéniku. Dieselgenerdtor béhem 3-6 sekund dosdhne
jmenovité otdCky a provede se synchronizace jeho vystupniho napéti
s napétim na z4t€zi.

Po synchronizaci napéti dojde béhem nékolika vtefin k prevzeti
zatéze dieselgenerdtorem. Zaroven je pres AC/AC méni¢ znovu rozta-
&en setrvaénik na jmenovité otd¢ky. Energocentrum NZ2® je pfipra-
veno k zabezpeceni spotfebicu pii dalsim vypadku rozvodné sité.

RESENI PROVOZNI SPOLEHLIVOSTI ENERGOCENTER

Jak jiz bylo uvedeno, soudasti projektd energocenter u kritickych
aplikaci je spolehlivostni analyza. ProtoZe energocentra nepatii mezi
vyrobky, kde 1ze zpracovdvat presné statistiky (energocenter NZ2® je
v soucasné dobé instalovdno asi 50), byl pro analyzu spolehlivosti
zpracovdn matematicky model a metodou Markovovskych fetézcu
byla feSena pravdépodobnost riznych stavi energocentra.

VétSina dodavatelt energocenter uvadi provozni spolehlivost pro-
stfednictvim parametru dostupnost (A), v jednodussich aplikacich pak
formou parametru MTBF (stfedni doba mezi poruchami). Ani jeden

are installed in the Uninterruptible Power
Supply Module (sometime incorrectly
referred to as the Rotation UPS).

At the moment when the voltage in the
network drops, the power supply for equ-
ipment is instantaneously provided from the flywheel, which, at
that moment, switches its operating regime to power generation.
The voltage from the flywheel stator is converted by the AC to AC
converter to the required 3x400V/50Hz level.

It has been statistically proved that 96-98 % of all power failu-
res are over within 2 seconds. They comprise all short-term breaks
and technological failures within the transmission network caused
by EHV line switching. As a matter of fact, these breaks and failu-
res are not failures in the meaning of the Energy Law No.
458/2000 Coll. and related regulations (even though their impact
on operation of the majority of equipment may be fatal). For that
reason the operation of the Energocentre NZ2® does not change
during the initial seconds of a failure and, if the power supply is
resumed, power for equipment is further supplied from the net-
work; the flywheel is “recharged” to the nominal speed via the AC
to AC converter.

If the network failure takes longer (it is possible to programme
the time for e.g. 2 seconds, or the degree of the “discharge” of the
flywheel e.g. to 80 %), an impulse to start up is sent to the diesel
generating set. A diagnostic system analyses whether the speed
rose from zero. If this does not happen, it is so, in the absolute
majority of cases, a result of a failure of the starting battery. For
that reason, the Energocentre allows a substitute start to be carried
out directly from the flywheel. The diesel generating set reaches
the nominal speed within 3 — 6 seconds and the output voltage is
synchronised with the voltage supplied to the equipment.

After the voltage synchronisation, the diesel generating set takes
over the load within several seconds. At the same time, the fly-
wheel starts again to rotate to achieve the nominal speed. The
Energocentre NZ2® is prepared to supply power to the equipment
during another failure of the distribution network.

SOLUTION TO OPERATING RELIABILITY
OF ENERCGOCENTRES

As mentioned above, a reliability analysis is part of designs for
energocentres in cases of critical applications. Because enegro-
centres do not belong among the products for which exact statistics
can be carried out (currently there are about 50 Energocentres
NZ2® in operation), a mathematical model was developed for the
reliability analysis, and the probabilities of various states of the
Energocentre was solved by the Markov chain method.

The majority of energocentre suppliers present the operating
reliability by means of an availability parameter (A), for simpler
applications mostly in the form of the MTBF parameter (Mean
Time Between Failures). Neither of these parameters describes
operating reliability unambiguously. Regarding the availability
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parameter, it is only a relative
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quantity (which, on the one
hand, describes very exactly
the repairability of the system,
on the other hand, is constant
during the time); in contrast,
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the MTBF parameter cannot
be used for systems being
repaired. It has turned out that
the reliability function R(t)
must be used in combination
| with the availability to arrive
at a comprehensive assessment
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the reliability function R(t)
unambiguously defines relia-

Obr. 4 Principidlni schéma energocentra NZ*®
Fig. 4 Block diagram of Energocentre NZ>®

z téchto parametrd nepopisuje provozni spolehlivost jednoznaéné.
V ptipadé dostupnosti se jednd pouze o pomérnou veli¢inu (ktera sice
velmi presné popisuje opravitelnost systému, ale je v ¢ase konstantni),
parametr MTBF zase nelze pouZit pro opravované systémy. Ukazuje
se, Ze pro komplexni posouzeni provozni spolehlivosti je tfeba pouzit
spolehlivostni funkci R(t) ve spojeni s dostupnosti. Tato funkce ma
v Case t=0 hodnotu 1 a s ¢asem jeji hodnota klesd (u elektrotechnic-
kych systému obvykle podle exponencidlniho rozdéleni). Spoleh-
livostni funkce R(t) tak jednoznaéné definuje spolehlivost (jistotu bez-
poruchového provozu) pro konkrétni ¢asovy okamzik a zdroven miru
jistoty udrZeni zafizeni v provozu.

Spolehlivostni analyzy energocentra NZ2® prinesly ndsledujici

Z4very:

e Kli¢ovym zafizenim v energocentru je dieselgenerdtor. Na jeho
schopnosti nastartovat a doddvat energii do zatéze zdvisi funkce
celého energocentra. Proto je tfeba pri projektu energocentra volit
kvalitni a osvédCené vyrobky. Pfi konstrukci energocentra lze
délat vzdy néjaké kompromisy, napt. pfi volbé rozvadécu, kontej-
neru, komunika¢nich systému atd. Volba dieselgenerdtoru by ale
méla byt bez kompromisu.

e Pro garanci schopnosti startu dieselgenerétoru je velmi duleZity
obvod zpétného startu. Spolehlivostni analyzy prokdzaly, Ze tento
redundantni zdroj energie pro startér, postaveny na odliSné tech-
nologii neZ ptvodni chemickd baterie, zvySuje provozn{ spolehli-
vost priblizné o jeden fad.

e Dals$i moZnou pri¢inou selhdni dieselgenerdtoru je nizka hladina
paliva ve vstiikovacim systému dieselgenerdtoru pri jeho delsi
neCinnosti. Tato pri¢ina je eliminovéna instalaci ¢erpadla, které
v pravidelnych intervalech docerpavd palivo z nddrZze do motoru.

e Skutecnost, Ze ke startu dieselgenerdtoru dochdzi pfi kazdém del-
§im vypadku elektrické energie, znamend, Ze ke zméné schématu
(a tedy k prepindni kontaktnich prvku) dochdzi tak Casto, jak Casté
jsou vypadky. Opotiebeni téchto kontaktnich prvku tedy zdvisi
i na spolehlivosti sit¢ v dané lokalité. Nastést{ vétSina kvalitnich
dodavatelt garantuje Zivotnost spinacich prvku v desitkdch tisic
sepnuti a v pribéhu technické Zivotnosti energocentra (20 let)
k jejich vyméné nedochézi. Ve vypoctu spolehlivosti se ale tato
skute¢nost projevi. Proto je pri spolehlivostni analyze nutno znét
stav sité v misté instalace. Dodavatel elektrické energie je povi-
nen podle jiz zminéného energetického zdkona tyto ddaje poskyt-
nout.

e Na spolehlivy provoz energocentra ma vliv i ¢innost dal§ich nava-
zujicich systému. Energocentrum je souddsti velmi rozsdhlého
technologického systému, a je-1i autonomnost funkce energocent-
ra potlatena, miZe pii poruse fidicich systému tunelu dojit
i k vypadku napdjeni. Pfi uvddéni do provozu je nutné oveérit cho-
van{ systému ve vSech moZnych provoznich stavech, aby se pre-
deslo ne¢ekanym uddlostem za bézného provozu.

bility (the certainty of
a failure-free operation) for
a particular moment and, at the
same time, defines the ratio of
certainty that the equipment will be maintained operating.

The reliability analyses of the Energocentre NZ2® yielded the

following conclusions:

e The critical facility in an energocentre is a diesel generating
set. The functioning of the whole energocentre depends on its
capability to get started and supply power. This is why it is
necessary when and energocentre is being designed to choo-
se well-tried, good quality trademarks and not to be lured by
significantly lower prices offered by some manufacturers.
When an energocentre is to be reconstructed, it is always pos-
sible to make some compromises, for example when selec-
ting distribution boards, containers, communications systems
etc. Nevertheless, the selection of a diesel generating set
should always be without compromises.

e The restart circuit is very important in terms of guaranteeing
the ability of the diesel generating set to be started. Reliability
analyses proved that this redundant source of power for the
starter, which is based on a technology differing from the ori-
ginal chemical battery, increases the operating reliability
roughly by one order.

e® Another possible cause of a diesel generating set failure is
a low level of fuel in the diesel generating set injection sys-
tem during a longer standstill period. This cause is eliminated
by installing a pump which adds fuel from the tank to the
motor.

e The fact that a diesel generating set starting up takes place
during any longer power failure means that the change in the
scheme (therefore also switching between contact elements)
happens as frequently as the failures take place. The wear of
these contact elements even depends on the reliability of the
electric network in the given location. Fortunately, the majo-
rity of trademark manufacturers guarantee the life span of
contact elements in tens of thousands of contact makings;
they usually do not have to be replaced during the technical
life of the energocentre (20 years). Nevertheless, this fact is
allowed for in the calculation of reliability. It is therefore
necessary for the reliability analysis to know the condition of
the network in the installation location. According to the requ-
irements of the above-mentioned Energy Law, the electricity
supplier is obliged to provide this information.

e The reliability of an energocentre operation is also affected by
the functioning of other related systems. The energocentre is
part of a very extensive system of equipment and, if the auto-
nomy of the energocentre function is reduced, a power failure
may take place when a failure of the control systems occurs.
It is necessary during the commissioning to verify the behavi-
our of the system during all possible operating states so that
unexpected events in common operation are prevented.
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e Even the human factor influen-
ces the reliability of an energo-
centre. A quality diagnostic and
monitoring system, which
promptly (preferably sooner
than the operator) reveals the
states which directly threaten
the ability of the diesel genera-
ting set to start up, helps to curb
the influence. Such the states
comprise, for instance, a failure
of a starter battery trickle char-
ger, a failure of the oil bath pre-
heating system, remote signal-
ling of the state of the mode
switch (operators are obliged to
carry out a manual checking
start once in a month; if they
forget to return the mode switch
to the original position, no com-
mand from the outside will start

Obr. 5 Pritbéh spolehlivostni funkce R(t)(zdroj: inSophy, s. r. o., program PZ-IN)
Fig. 5 Behaviour of the reliability function R(t) (source: inSophy, s. r. o., program PZ-IN)

e Vliv na spolehlivost provozu energocentra ma i lidsky faktor.
K jeho omezeni pomuZe kvalitni diagnosticky a monitorovaci
systém, ktery véas (nejlépe diive nez obsluha) odhali stavy, které
pfimo ohroZuji schopnost startu dieselgenerétoru. Je to napr. poru-
cha dobijeCe startovaci baterie, porucha predehrevu olejové ldzng,
dalkova signalizace stavu prepinaCe rezimu (obsluha je povinna
jednou za mésic provést manudlné kontrolni start, a pokud zapo-
mene prepinac rezimu vrétit do puvodni polohy, Zédny povel zven-
¢f dieselgenerdtor nenastartuje), je také mozné si stdhnout seznam
mimotolerantnich stavu sit€ z vnitini paméti modulu MNN atd.

Vysledky spolehlivostni analyzy jsou na obr. 5. Grafy zndzornuji

prubéh spolehlivostni funkce R(t) pro prvni rok provozu energocentra.
Cervend kiivka je spolehlivostni funkce pro energocentrum NZ2®,
zelen4 je pro energocentrum s bateriovym zdrojem UPS. Modr4 kfiv-
ka je rovnéZz pro energocentrum s bateriemi, ale pro usporadani zdroju
UPS 1+1, tj. 100% redundance. Je zfejmé, Ze paralelné-redundantni
usporadani zdroji UPS vyrazné zvySuje provozni spolehlivost (téméf
na troven energocentra NZ2®), ov§em za cenu vys$§ich investi¢nich
ndkladu, klimatizovanych prostor pro baterie atd.

SOUCASNE INSTALACE ENERGOCENTER N22®
V DALNICNICH TUNELECH

Energocentra NZ2® jsou dnes instalovana na tfech ddlni¢nich tunelech
v CR. Kazda instalace m4 své specifické provozni i projek&ni podminky:
e Tunel Libouchec D8: dieselgenerator v kontejneru pred jiznim
portdlem, ostatni ¢4sti energocentra NZ2® ve strojovné v portalu
e Tunel Panenskd DS, jizni portdl: celé energocentrum NZ2® ve
strojovné v portdlu
e Tunel Panenska DS, severni portdl: celé energocentrum NZ2® ve
strojovné v portdlu
e Tunel Klimkovice D47: celé energocentrum NZ2® v kontejneru
ve vrchliku nad tunelem
DalSi instalace energocenter NZ2® se pripravuji.
ING. KAREL KUCHTA, CSc., karel.kuchta@p-z.cz,
PHOENIX-ZEPPELIN, spol. s r. o., Energetické systémy
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the diesel generating set); it is
even possible to download a list
of out of tolerance conditions
of the network from the internal
storage of the Uninterruptible Power Supply Module, etc.

Results of a reliability analysis are presented in Fig. 5. The
graphs demonstrate the behaviour of the reliability function R(t)
during the first year of the energocentre operation. The red curve
is for the reliability function for the Energocentre NZ2®, whilst the
green one is for the energocentre equipped with a UPS battery
power source. The blue curve is also for the energocentre with
batteries, but it is for the 1+1 arrangement of UPS sources, which
means 100% redundancy. It is obvious that the parallel-redundant
arrangement of UPSs significantly increases operating reliability
(nearly to the level of the Energocentre NZ2®), of course, it is at
the expense of higher investment costs, necessity for air-conditio-
ned spaces for batteries, etc.

CURRENT INSTALLATIONS
OF ENERGOCENTRES NZ® IN MOTORWAY TUNNELS

Energocentres NZ2® are currently installed in three motorway
tunnels in the Czech Republic. Each of the installations has its
own specific operating and design conditions:

e Libouchec tunnel on the D8 motorway: diesel generating set
in a container in front of the southern portal, the other parts
of the Energocentre NZ2® in the generator room, which is
embedded in the portal wall

e Panenskd tunnel on the D8 motorway, southern portal: the
whole Energocentre NZ2® in the generator room, which is
embedded in the portal wall

e Panenskd tunnel on the D8 motorway, northern portal: the
whole Energocentre NZ2® in the generator room, which is
embedded in the portal wall

e Klimkovice tunnel on the D47 motorway: the whole
Energocentre NZ2® is in a container installed in the calotte,
above the tunnel

Other installations of Energocentre NZ2® are under prepara-
tion.
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