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Uvod

Akym smerom sa ubera svetelna technika
Co prinéZa spotrebitel’om

v oblastiach:

U Svetelnych zdrojov
Usvietidie
Uiosvetl'ovacich zariadeni
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Trendy vyvoja ST slivisia s ngjdolezitejSimi probléemami
sucasng 'udske spolocnosti

Ludstvo hl'ada cesty zamerane na:
uspory elektrickeg energie
uspora materialov
uspora ¢asu
ochrana zivotného prostredia

Ciel’. zvysovanie kvality parametrov osvetlenia




Svetelné zdroje

Uziarovky
Uhalogénove ziarovky
Uziarivky
Ukompaktne ziarivky

Uhalogenidové vybojky
Usodikove vybojky
Uinduktivne vybojky
Uelektroluminiscencné zdroje
ULED

Ud’alSe svetelné zdroje




Spectral distribution
Se (A) of a thermal
radiator at different
filament temperatures.
As the temperature
Increases the maximum
radiation shifts into
the visible range.

Dimming characteristics
of incandescent lamps.
Relative luminous flux ()
and colour temperature
as a function of the
relative voltage U/Un.
A reduction in voltage
results in a dispro-
portionate decrease in
luminous flux.
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Ziarovky

Trendy vyvoja
@dZvysenie merného vykonu
@dZvysenie zivotnosti
@HlFadanie novych materialov pre viakno (HfC)
@dVylepsSenie emisie spiral povlakmi z hafnia
@POReflektorové multivrstvy

(spatny odraz vyhrieva Spiralu)
@DReflektoroveé ziarovky s priemerom

51 mm na siefové napatie

@JVylepsSenie mechanickych vlastnosti splral il N5

pre lepSiu stabilitu vliakna




1. HALOGENOVY CYKLUSA LANGMUIROV

Halogénovy cyklus

1

Wolfram (W)
Halogén (X)

WX, *W +nX

Teplotavlaknaje priblizne 3000 K
Teplota banky je priblizne 470 K
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merny vykon
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e ziarovka
- - ——hal. ziarovka 230V/1000W . =7 | 2av/260W
hal. ziarovka 12V/20W _ " e .~ hal ziarovka 12V/100W
20 4 : i 7
. * -~ 7+ hal. ziarovka 230V/150W
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; obyc. ziarovka 15W
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Stanovenie prierezu vzhladom na ibytok

napétia pre HZ na mn
AU(V)
el
1,2 pf/r
1,0 P
0.8 /,/F
et
0,6
,--’/
0,4 —
0,2 /‘/
/
0 5 10 15 20 25 30
pokles svetelného toku (%)
s
28 ¥ Au
Priklad: 12V, 100 W
Q - prierez vodita (mm?)
L - dlzka vodifov (m) 10 m
[ -prad (A) 83 A
Au - ubytok napitia 0,4 V (pre Ad = 10%)

Potom: Q = 7.2 mm?, Qn = 10 mm?
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Halogénoveé ziarovky

Trendy vyvoja
@IC multivrstvy na spatny odraz Ziarenia
na vlakno — zvysenie merného vykonu

@ddavkovanie xendnu

@dotacie ,certit*-u do kremenného skla
banky na potlacenie UV ziarenia

@ziarovky na sietové napatie

@rozne tvary baniek pre rézne aplikacie

@zmena Tk (cca 4000 K)

@nizkotlakové halogénove ziarovky

@miniaturizacia




Halogénoveé ziarovky




Halogénoveé ziarovky

Nové vlastnosti HZ

DAz 0 30 % vysSi merny vykon

@dvyssSia zivotnost

@stabilita svetelného toku pocCas celej zivotnosti

@Dstabilita teploty chromatickosti

@drovnomernejSia svietivost’ vo zvazku v pripade
reflektorovych HZ

@nizSi podiel UV ziarenia




Energiebilanz einer Lampe
(ohne VG)

Energeticka bilancia
zugefihrte Leistung 100% o- ]
%\TI Zziarivky

.
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Relative spectral dis-
tribution Se (A) of low-
pressure discharge of
Mercury vapour.

The radiation produced
s to a large extent
beyond the spectral
sensitivity of the eye VAl

Relative spectral distri-
bution Se (A) of standard
fluorescent lamps with
very good colour rende-
ring in warm white
labove), neutral white
(centre) and daylight
white (below).
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Vyvoj ziariviek




Oznacovanieziariviek L 36/ XYZ

X - 1index farebného podania (Ra)
YZ - prvedve ¢idlice z ndhradng teplotne)
chromatickosti

Priklad

L 36/827
je to linearna ziarivka s prikonom 36 W, s
iIndexom podania farieb Ra > 80 a s nahradnou
teplotou chromatickosti T = 2700 K.
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Ziarivky

Trendy vyvoja

(@Jznizovanie mnozstva ortuti

@Avyvoj bezortutovych technologii
@program T5 — vyvoj — uz aj s R,=90
@vyvoj novych typov luminoforov
@AVysSSie teploty chromatickosti
@PdVyssSia zivotnost




Teplotna zavidlost’ sv. toku

a zavidost’ ostatnych parametrov pri KP

% Effect of overvoltage 100l @b The effect of ambient
120 P and undervoltage on T temperature T on lamp
relative luminous flux () lumens (.
. 0 and electrical power P, 60
U (%)
80 100 120
1001 @ (6] Relative luminous flux () t (%) Lamp life t asa func-
T of fluorescent lamps 150 tion of switching
as a function of voltage. frequency per day N.
60 100 Nominal lamp life of
100 % is achieved
20 50 at a switching rate of
o 8 times every 24 hours.
U] (%) N (1/d]
20 40 60 B0 100 10 70 30




Smernica EU pre e.mag. predradniky

Trieda energetickej efektivnosti Systémovy prikon
priklad: L18W

EEI= A1 Stmievatelny EP > 10,5W
EEI = A2 Nizkostratovy EP s 19w
EEI=A3 EP - 21W

Extra nizkostratové Kp =l
Nizkostratové KP —

KP o
Vysokostratové KP s




Smernica EU pre e.mag. predradniky

Stmievatelné EP
Nizkostratoveé EP

EP

Extra nizkostratové KP Faza lllI*: 2009 ?

Nizkostratovée KP

Faza II* (11/05): Zakaz predavat’ svietidla triedy C
KP

Vysokostratovée KP Faza I* (05/02). zakaz predavat’ svietidla triedy D

*eurOpska smernica pre predradniky 2000/55/EC




Vplyv teploty okolia na svetelny tok

O 6 — 10% vysSia
acinnost svietidiel pre
priame osvetlenie

(prisadené a
350 zapustené svietidla v
25° dosledku vysse;
. teploty okolia
T 90

Rel. Svetelny tok
80
70 T5 svietidlo
60

—— Teplota okolla( C)




VysSaucinnost pre T5 svietidla

1VySSi merny vykon:
93 e 104 (110) Im/W 12%
1VySSie odraznosti
(noveé materialy):
~86 € 95% 10%
1LepSia ucinnost’ svietidla
(25°C - 35 °C optimum )15%
1Celkove zvySenie u€innosti osv. sustavy:
(1.12x1.10x 1.15=1.40) ~40%




Pozor na ziarivky T5

Opeéiatkované konce ziariviek musia
byt’ vzdy na tej iste] strane svietidla

_ aby nedochadzalo k ovplyviaovaniu

1 Min. 32mm chladného bodu na Ziarivke

Vi [ T

2w 2w
© \J © \J
V pripade vertikalne umiestnenych S & s &
Ziariviek sa peéiatky musia o : E o :
4 ’ ‘5 Y i g
nachadzat’ dole $H o z&
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Kompaktné ziarivky

Compact fluorescent

Y = lamps with two-pin
i Mk plug-in cap and inte-
] : % L gral starting device
= labove), four-pin plug-
= | in cap for operation

onelectronic control
gear [centre), screw cap

= ] - with integral ballast
= for mains operation
[ 1 r \
\ = [below].
 —
| —
— —

In contrast to con-
ventional fluorescent

e lamps, in the case of
compact fluorescents
% 6) both ends of the {M
discharge tube(s) are
mounted on a single

cap.

Arrangement of tubes
in compact fluorescent
lamps: TC/TC-L (above],
TC-D [centre], TC-DEL

(below).




) o Comparison of sizes
% of standard TC, TC-D
] and TC-L compact

fluore-scent lamps.

@

10l
0.

10,
.

0,
I,

TC 5W, 7W, 9W, TTW TC-D 10W, 13W, 18W, 26W

nnnn

Oana

Qana

Qa0

TC-L 18W, 24W, 36W, 40/55W




Kompaktné ziarivky

Trendy vyvoja

@preberanie novych technoldgii
platnych pre ziarivky
A3/8" technologia
@Amalgamove technologie
@tvarované KZ
@KZ s reflektorom &i difiizorom
@Jzvysovanie prikonu
@znizovanie prikonu
@dzvysovanie zivotnosti




Kompaktné ziarivky s vel'kym prikonom




2avislost sv. toku od teploty okolia pre KZ
s integrovanym el. predradnikom

i

@ B85 60 7
teplota okolia {st. C)

SW,7W,0W, 11 W SW,7TW, W "W
Raluxlong 13W, 24 W, 36 W




KZ s amalgdmom

prikony 40 W, 55W +80W IN
udrziavaci ¢initel’ 80% po 9.000 h
Zivotnost’ 20.000 h

vplyv na ZP <3mg Hg
predradnik EVG

patica 2G11

Pouzitie — konstantny svetelny tok v Sirokom rozsahu tepl ot
*Exterierove osvetlenie

*Osvetlenie v priemysle

*Malé svietidla s vysokou teplotou













Nizkotlakové sodikoveé vybojky

"

o

Low-pressure sodium
lamp with U-shaped
discharge tube in a
dichroic glass bulb. The
Infrared radiation pro-
duced by the lamp is
reflected back into the
discharge tube via the
dichroic coating on the
glass, thereby cutting
down the time requi-
red to reach operating
temperature.

2l
2IQ:

=
S
St

LST 35 W, 90 W

Comparison of sizes
of low-pressure sodium
lamps (LST).




100] 5¢ [v) ] 100] N (%] Proportion of operating
so T VITA] o lamps N, lamp lumens
and luminous flux
60 60 of total installation Qa
- " (as the product of both
values) as a function
20 20 of the operating time t.
400 500 600 700 800 Alnm) 2500 5000 7500 10000 ¢ (h)

Relative spectral dis- 100]) (%)
tribution Se (A) of 80\
low-pressure sodium
vapour discharge. 60
The line spectrum an
produced is close to o
the maximum spectral 20 Run-up characteristic:
sensitivity of the eye, lamp lumens O
but limits colour 7500 5000 7500 10000 t (h] in relation to time t.
rendering through
its monochromatic 100[DA () 100[0D (Fo]
character. " i -

B0 60

40 40

20 20

t (min]
2500 5000 7500 10000 t(h) 2 4 6 8 10 12




High-pressure mercury
lamp with quartz glass
discharge tube and
elliptical bulb. As a rule
the bulb is coated with
a layer of fluorescent
material which trans-

forms the UV radiation
produced by the lamp
into visible light,
thereby improving
luminous efficacy and
colour rendering.




HME 125W

HMG 80W

HMR 125W

Standard high-pressure
mercury lamps with
elliptical bulb (HME),
spherical bulb (HMG)
and integrated reflec-
tor (HMR).



100[Se (%o] 100N (%] Proportion of operating
e gﬁx lamps N, lamp lumens O
; and luminous flux

50 60 of total installation Qa
10 A0 (as the product of both

, values) as a function of
Lt L the operating time t.

400500 600 700 8OO Alnm] 7500 5000 7500 10000 t(h]

Relative spectral dis- 000 5]
tribution Se (A) of S
high-pressure mercury 90
lamps. 60

40

20 ot

y Run-up characteristic:
lamp lumens O in rela-
25005000 7500 10000 Lt +tign to time t

100] 0a O] 1000 (%)

80 80

60 60

40 40

20 20

7500 5000 7500 10000 t(h] 2 3 6 _t(min]




Zmesove vybojky

Self-ballasted mercury
lamp with a quartz
glass discharge tube
for high-pressure mer-
cury discharge and

an additional filament
that takes on the func-
tion of preresistance
and supplements

the spectrum in the red
range. The elliptical
bulb is frequently pro-
vided with a coating of
light-diffusing mate-
rial.



-
N

i L LT

—
o

Single-ended high-
pressure sodium lamp
with ceramic discharge
tube and additional
outer glass envelope.



HSE 70W

HST 70W

HST 100W

HST-DE 150W

Standard high-pressure
sodium lamps, single-
ended elliptical (HSE),
tubular (HST), and
double-ended tubular
(HST-DE).




100|Se (%) 100N _(00) Proportion of functional
. lamps N, lamp lumens O
! EO and luminous flux of
c0 . overall installation Qa
(=10] &0 :
(as the product of both
40 40 values) in relation
to the operating timet.
20 20
Alnm]
400 500 600 700  [800 3000 6000 9000 12000 t(h]

Relghw_ 5pe_ctra| -_::i|9tr|— 1007 B %]
bution Se (A) of high-
pressure sodium lamps. 80
By increasing the pres- )
sure the spectrum is 60
inverted, in contrast to 40
low -pressure discharge. '
The result is wide spec- 20 .
tral distribution with Run-up characteristic:
a minimum in the low- T T ST lamp lumens @
pressure sodium lamps. 2000 [e000  [9000 12000 )| iy pe-Tation totime f.

100] (A (0] 100] D[0%)

80 80

B0 60

40 40

20 20

3000 6000 9000 12000 t (h] 2 4 6 t(min]




& SO¥ i, sodiem presaure 0.5 Pa

50X
T=1700K
R, = 44

Rekinve spectral poswer

00 a0

C. BON Comfort lamp, sodiem pressure 40 KPa

SON Comfort
T=2200K
R, = B0

IvE SPEsCIRE] s

Heia

G reac
Wavalength FIFTy

A0 e i

B. Standard SON lamp, sodim pressune 10 EFa

T=1950K
Hs = 23

Helatve spectral power

400 00 Bo0 T

. While SON lemp, sodium pressure 35 kPa
White SON

T=2500 K
R, = 85

Relative speciral power

400 GOC B0 a0
Vilavelengih T




Sodikoveé vybojky

Trendy vyvoja

@ekologické bezortutove vybojky

@davkovanie inych prvkov na
zlepsSenie farebného podania

@viachorakoveé vybojky

@dmoznosti prepinania farby svetla
alebo prikonu

@miniaturizacia prikonov

@Jnasadzovanie v interiéroch




Halogenidové vyboj ky




FAANN -

Halogenidova vyboj ka s edisonovym zavitom
1- pética, 2- rezistor, 3- nosny ram, 4- privod, 5- horék, 6- banka

Dvojpéaticova halogenidova vybojka
1,9- keramicka pética, 2 - banka, 3,8- molybdénovafodlia, 4 - ndpln, 5 -
horék, 6 - nosny ram, 7 - privod, 10- volframove elektrody, 11- ortut,
12- alkalické kovy, 13- geter
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300 400 500

500 700 hnm)

Relative spectral dis-
tribution Se (A) of stan-
dard metal halide lamp
with luminous colour
warm white (above],
neutral white (centre)
and daylight white (be-

low).

2000 4000 6000 T (h)

Propaortion of functional
lamps N, lamp lumens 0

and
ove

luminous flux of
rall installation Qa

las the product of both
values) in relation

tot

he operating time t.

100(Se (0] 100 [N (9] 100 ([50)]
a0 ] BO B0
T=3000K %]
B0 0 60 2
40 40 40 24 17 9
20 20 20
300 400 500 GO0 (700 Alnm) 2000 4000 6000 T (N 2000 4000 BO0D 1 [N]
100|Se (%) 100 | (Piop] 100 (o)
80| T 80 B0
Vi) T=4000K &
0] A0 60
40 40 40
20 20 20
300 400 (500 600 700 Alnm) 2000 4000 £000 t [h) 1 ] 3 t(min]
100]Se (90 100 | Dy [%0)
80 o § 80
VX T=5600K
50 B0
40 40
20 20

Decline in luminous
flux O at different
switching frequencies
of24,12,8, 3 and <1
times per day.

Run-up characteristic:
lamp lumens O
in relation to time t.



Halogenidove vybojky

Trendy vyvoja
keramicky horak ako vSeobecne riesenie

Adavkovanie Na — zblizovanie vlastnostl
@nove plynove naplne

@miniaturizacia prikonov /




Halogenidové vybojky

Valcovy horak Gulovy horak




Halogenidove vybojky - miniaturizacia prikonov

Prikon zdroja:
Systémovy prikon:
Svetelny tok:
Merny vykon:
Farba svetla:

Ra:

Zivotnost’:

20W

< 25W
1600lm
80 Im/W
3000K
>80
12000h




L uminiscencné diody (LED)

UHit poslednych rokov

Uenormny narast merného vykonu
Umodre LED

asiroké moznosti spektralneho zlozenia
dorganicke LED




L uminiscencné diody (LED)

white (GaN)
blue {GaN)

yedlow
orange e

amber \\

super-red
nyper-red
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L uminiscencné diody (LED)




L uminiscencné diody (LED)




Vyvo] merného vykonu bielych LED

Merny vykon bielych LED

1999 2000 2001 2002 2003 2004 2005 2006 2007

rok




Iné svetelné zdroje

tindukcné svetelné zdroje
Ubezortutové technologie
Uelektroluminiscencia
Ufotobioldgia a luminiscencia
torganické materialy

Unové prvky pre vybojove zdroje
svetla a pod.




Zivotnost’ indukénych vyboj ok

>

4-’
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d D

-
‘l~

ziarovky tradicnée vybojky indukéné vybojky
1000 - 4000 h 1,000 ® 20,000 h 60,000 h
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Elektroluminiscenéné panely

Ak na luminoforovy prasok typu ZnS s vysokou
dotaciou prilozime vysoke striedave pole (v blizkosti
prierazngl hodnoty intenzity pol'a), dostaneme pl ochy
luminiscencny ziari¢ (Destriauxov efekt).

Schematicka konstrukcia elektroluminiscenéného zdroja

K- kovova elektroda, J- izolaény prostriedok (svetelne priepustny),
L- zrnka luminoforu, E- svetlopriepustna elektroda, G- priepustnafolia




Sirové vybojky




e instalovanév 1. polovici 20. storocia, rozmach VO pri elektrifikacii
v 50. rokoch

e edte savyskytujl nastipoch, vasSinou sii uz odpojené



* inStalovanév 60. a 70. rokoch pri zavadzani vybojkoveho osvetlenia
| (ortut’ove vybojky)

* ichvek je uz Stvornasobne za hranicou zivotnosti
o cca 30—-40 % je este stale prevadzkovanych
« optikaje absolutne neticinna



Druha generacia svietidiel




* inStalovanév 80. rokoch srozvojom sidliskove vystavby a
nastupom sodikovych vybojok

» vek presiahol hranicu zivotnosti g dvojnasobne

o pokryvaas 50 — 60 % sStruktury svietidiel



 optikaje znecistena nedostatocnym krytim
a degradovana posobenim ziarenia

o eStestalesavyrabau, hoci ich dizain sa 20
rokov nezmenil!



inStalované v 90. rokoch a neskor s rozsirenim typove zakladne o
Siroky sortiment zahrani¢nych znaciek

pre sodikovée vybojky alebo kompaktné ziarivky

kryt obyc¢ane z PMMA, IP 54

svietidla s nizSim krytim sa po 1 rok prevadzky bez udrzby znecistuju

Ked’ze v 90. rokach vystavba stagnovala alen pomaly sa ozivovala,
podigl tychto v sustave je ve’'mi maly — ide o ojedinel€ instalacie



e inStalované v 90. rokoch a neskor

* pre sodikoveé alebo halogenidové vybojky, prip. kompaktné ziarivky
- | -+ Spickové svietidla sticasng technologicke urovne

e Kkrytieopticke casti IP65 alP 66

e nerozbitny kryt v ,,antivandalskom® vyhotoveni

e nastavitelna optika

e kompaktné rozmery

e rvchlamonta7 aservis



Svietidla

Ueste oCividnejsi pokrok nez v SZ

Qsiroke spektrum vyrobcov

Unove materialy

Uinoveé koncepcie vedenia a
rozdelovania svetelného toku

Uelektronické predradniky
avyssie krytie svietidiel
Umensie rozmery svietidiel
tnovy dizajn svietidiel
Uklimatizovane svietidla




Svietidla

tnoveé zdroje ovplyvnuju vyvoj novych svietidiel
Udominuju T5 ziarivkové svietidla

 r—— 2 e e

Urozne nove typy strukturalnych svietidiel




Svietidla

Qv bytovych priestoroch nastup svietidiel s
halogenidovou vybojkou

Gsvietidla pre LED diddy vo vSetkych
druhoch interiérov i exterierov




ida- LED

Svi




Svietidla

Unastup novych materialov, tenkych vrstiev,
selektivnych povrchov

Uaplikacia mikroelektroniky v svietidlach

tnove ulohy pre klasické materialy

Upouzitie skla a tenkych vrstiev

Uocel a tenké vrstvy pre reflektory svietidiel
Uhlinik, ako material pre reflektory
Uhlinikové zliatiny pre nosné konstrukcie

L 1 ll
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Svietidla

Pouzitie svetlovodov
i/




Svietidla

USpecializacia svietidiel podla oblasti pouzitia napr.
automobilovy priemysel

Umodularnost’ svietidiel

Gsvietidla pre miestne osvetlenie (zavesne,
stojanove a pod.

UPlynula zmena farby svetla
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Svietidla







Svietidla




Svietidla




Svietidla




Svietidla pre exterierove osvetlenie

VYVOj] smeruje:

Uk vySSim stupnom Krytia

Uk pouzitiu materialov s dlhsou zivotnostou

Uk antivandalskému vyhotoveniu

Uk systemom zabezpecujucim jednoduchu
montaz a demontaz

Uk jednoduchej udrzbe

Uk pouzitiu novych svetelnych zdrojov (LED)

Uk elektronizacii predradnikov




Osvetl'ovacie zariadenia

Osvetlovacia sustava

@Dklasicka neregulovana

Upracuje tak vacsina
sucasnych sustav



Osvetl'ovacie zariadenia

Osvetlovacia sustava

@jednodimenzionalne
regulovana

Uregulacia E podfla
zadanych
podmienok (denné
osvetlenie,
pritomnost 0sob,
zelanie ludi a pod.




Osvetl’'ovacie zariadenia

Osvetlovacia sustava

@trojdimenzionalne regulovana
Uregulacia intenzity osvetlenia
Uregulacia smerovania svetla

Uregulacia farby svetla

gpodla zadanych podmienok

vmoznost vytvorenia lubovolneho §
scenara




Osvetl'ovacie zariadenia

I vyuzitie
denného svetla v
C0 najSirsej miere,
tiez pouzitie

svetlovodov




Osvetl'ovacie zariadenia




Osvetl'ovacie zariadenia

Elektronizacia osvetlovacich zariadeni

@Elektronické predradniky
@Riadiace systémy
@Riadenie DMX

vvsade tam kde je to mozné

dprinasaju usporu elektrickej energie
Uzvysuju komfort

vyuzitie protokolu DALLI




Osvetl'ovacie zariadenia

V exterierovom osvetleni

@farebnost osvetlenia najméa v oblasti iluminacii

DLED, svetlovody pre iluminéacie

@pouzitie LED technologii pre konstrukciu automobilovych svietidiel
@pouzitie LED technologii pre vergineé osvetlenie

@navestidla sa Coraz viac konstruuju pomocou LED technologii

@dnove retroreflexivne materialy, zvySujuce bezpecnost cestnej
dopravy




Osvetl'ovacie zariadenia




Meranie svetlaafarieb

EFRHIETUNG




Navr h osvetlenia pomocou poditaca

Poditacové programy:

-vypottové — vydedkom sl svetel notechnické parametre
(Dialux, Relux, Europic, Calculux, WinLuxus, Wils...)

-vizualizaéné — vydedkom je vizualizacia (obrazok) osvetlenia
(3D Studio, AutoCad, LightScape, Corel Photo-Paint ...)




Program Dialux
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K ontakt

prof. Ing. Alfonz Smola, PhD.
Katedra elektroenergetiky FEI STU v Bratislave

|Ikovicova 3
812 19 Bratislava

tal.: ++421-2-602 91 774; 654 25 826
fax: ++421-2- 654 25 826

afonz.smola@elf.stuba.sk
www.elf.stuba.sk/~smola
keel.af.stuba.sk/svetlo




