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Noktasal aydinlatma hesabi:

Noktasal yatay aydinlik diizeyi hesabi: y dogrultusundaki bir isinin 1sik
kaynagindan r uzakhigindaki bir M noktasinda olusturdugu yatay aydinlik dtizeyi

(Ey).

Noktasal diisey aydinlik diizeyi hesabi: v dogrultusundaki bir isinin bir M

noktasinda olusturdugu dusey aydinlik dtzeyi (Ed),

1sik kaynagdi

Ref. No.

3.1
3.2

3.3
3.4
3.5

3.6
3.7

Offices

Type of interior, task or activity

Filing, copying, etc

Writing, typing, reading, data
processing

Technical drawing

CAD work stations

Conference and meeting rooms
Reception desk

Archives

En

300
500

750
500
500
300
200

UGR:

19
19

16
19
19
22
25

Ey=ly .cosy

Technical Information

Lighting Account

denklemi ile hesaplanir. Burada,

ly: y dogrultusundaki isik siddeti (cd)

¥: M noktasina gelen isin ile ylzeyin normali
arasindaki ac

r: Isik kaynagi ile M noktasi arasindaki uzaklik
(m) dir.

r2

Ey: |y .cosy
r2

Eq = ly .siny.cosBy denklemi ile hesaplanir.
2 Burada Bq : M noktasina gelen isinin ddisey dtizlemi
ile ylizeyin normali arasindaki acidir.

TS EN 12464 e g6re Aydinlatma Kalite Kriterleri:

ic mekanlarin aydinlatimasinda saglanmasi gereken aydinlatma kalite kriterleri
TS EN 12464’ de belirtilmektedir. Ornek olarak ofis hacimlerinde
saglanmasi gereken aydinlatma kalite kriterleri asagidaki tabloda g&sterilmistir.

Burada Ep ortalama aydinlik dtizeyi, UGRL kamasma sinirlama

katsayisi, Ra renksel geriverim endeksidir.

80
80

80
80
80
80
80

Remarks

DSE-work:see 4.11

DSE-work:see 4.11

Lighting should be controllable
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Ayni standartta yukarida belirtilen kalite kriterlerinin yani sira, hacim icerisinde
calisma alani ve cevresindeki aydinlatma dederlerine bagl olarak ortalama
diizguinltik degerlerinin de saglanmasi istenmektedir. Bu degerler asagidaki
tabloda gésterilmektedir.

Task llluminance llluminance of immediate surrounding areas

Ix Ix
>750 500
500 300
300 200
<200 Etask

Uniformity :> 0.7 Uniformity :> 0.5

i¢ Aydinlatmada Ortalama Aydinlik Diizeyi
ic aydinlatma mekanlarinda genel aydinlatma hesabi kullanim faktérd yéntemi
ile yapilir. Bu yonteme “isik akisi ya da verim yéntemi” de denir.

Oncelikle aydinlatma hesabi yapilacak olan mekan icin standartlarda (TS EN
12464) dnerilen ortalama aydinlik dtizeyi (Eo) degeri ilgili tablodan belirlenir.
Daha sonra mekanin geometrik boyutlarina bagli olarak k oda endeksi hesaplanir.
k:oda endeksi

a: odanin eni (m)

b:odanin uzunlugu (m)

H: odanin ytiksekligi (m)

h: armattirtin calisma dtizleminden ytiksekligi (m)
hcd: calisma diizleminin désemeden yuksekligi (m)
la: aski boyu (m)

h=H-hcd-la

Mekanin tavan, duvar ve calisma dtizleminin ytizey renklerine bagl olarak
yansitma faktéri degerleri belirlenir.

Teknil Bilgiler Technical Information

Aydinlatma Hesabi
Lighting Account

In the same standard, as well as the quality criteria mentioned above, the
establishment of average uniformity values in the space in relation to the
illuminance

level values on the work space and its surroundings is also requested. These
values are given in the following table.

For interior lighting spaces, the general lighting calculation is performed according
to the utilization factor method. This method is also referred to as the "luminous
flux or efficiency method".

Primarily, for the space for which the lighting calculations are to be performed,
the average illuminance level (Ep) proposed in the standards (TS EN 12464) is
determined from the respective tables.

Then, depending on the geometrical dimensions of the space, the room index
Foah
(atb)h

k is calculated.

a: room width (m)
b: room length (m)
H: room height (m)
h: height of the luminaire from the work plane (m)

hwp: height of the workplane from the floor (m)
Is: suspension length (m)
h=H - h\/\/p - |5

Reflectance factor values of the space are determined depending on the

surface colors of the ceiling, walls and work plane.

Tavanin ortalama yansitma The average reflectance factor of the Duvarin ortalama yansitma The average reflectance factor of Calisma dtizleminin ortalama The average reflectance factor of
faktori( pt) ceiling( pt ) faktori( pd ) the wall(pd ) yansitma faktér ( ped ) the work plane (ped )
%80 Cok beyaz / Very white %70 Acik renkli / Light colored %20 Koyu renkli / Dark colored
%70 Kirli beyaz / Off-white %50 Koyu renkli / Dark colored
%50 Acik renkli / Light colored %30 Cok koyu renkli / Very dark colored

Aydinlatma tesisatinda kullanilacak armattire ait verim tablosundan oda endeksi
ile tavanin, duvarin ve calisma dlzleminin yansitma faktériine baglh olarak
kullanma faktér (n) degeri okunur.

Mekan icerisinde istenen Eo ortalama aydinlik dtizeyinin saglanmasi icin,
kullanilacak lambalarin vermesi gereken toplam isik akisi hesaplanir.

O, =E, xaxb
nxm

The value of the utilization factor (n) is determined according to the room index
and the reflectance factors of the ceilings, walls and work plane from the

efficiency table of the luminaire to be used in the lighting installation.The total
necessary luminous flux from the chosen lamps is calculated in order to maintain

the desired average illuminance level Eq in the space.

@, =E, xaxb
nxm
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m: bakim faktoru

E,: ortalama aydinlik dtizeyi (lux)

®, : hacimde kullanilan lambalarin toplam isik akisi (Im)

®, : hacimde kullanilan armattirdeki lamba/lambalarin isik akisi (Im)

Daha sonra mekanin aydinlatimasi icin gereken toplam armatr sayisi belirlenir.
N: armatdr sayisi

o,
o,

N=

Son olarak da hacim icerisinde N adet armattir kullanildiginda gerekli ortalama
aydinlik dizeyinin saglanip saglanmadigi hesap yoluyla kontrol edilir.

_ O xNxNxm
axb

on

Armatlir Sayisinin Hesaplanmasi

6 m genisliginde, 10 m uzunlugunda, 2.75 m ytiksekliginde, yansitma carpanlari
tavan, duvar ve zemin icin sirasiyla 0.7, 0.5 ve 0.2 olan &rnek ofis hacmi icin
4x18W gtictinde 60 cm x 60 cm boyutlarinda cift parabolik lamelli siva alti ofis
armatirlerinin kullaniimasi durumunda 0.85 m ytiksekligindeki galisma dtizleminde
500 Ix ortalama aydinlik dtizeyi elde edebilmek icin gerekli armattir sayisinin
belirlenmesi asagida detayl olarak verilmistir (bakim faktérd m=0.8 olarak

alinmistir).

Pelsan 4x18W tiip fllioresan lambali armatiire ait kullanim faktorii tablosu

The utilization factor table for Pelsan 4x18W fluorescent lamp luminaire.

Teknil Bilgiler Technical Information
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m: maintenance factor

Eo: average illuminance level (lux)

O, : total luminous flux of the lamps used in the space (Im)

®, : luminous flux of the lamp/s inside the luminaire used in the space (Im)

Next, the total number of luminaires required to illuminate the space is
determined.

o,

o,

N: Number of luminaires N=

Finally, the control of whether or not the required average illuminance level is
provided through the use of N luminaires in the space is performed

through calculations.
_O;xNxNxm

axb

Calculation of the Number of Luminaires

Determination of the required number of luminaires in order to obtain an
average illuminance level of 500 Ix on the work plane of 0.85 m height, in the
case of using 60 cm x 60 cm sized, 4x18W flush mounted office luminaires
with double parabolic louvres in a sample office volume that is 6 m wide, 10
m long, 2.75 m in high with reflectance factors for ceiling, walls and floor,
respectively 0.7, 0.5 and 0.2, is given in detail below (maintenance factor taken
asm=0.8).

Yiizey Yansitma Carpanlari (Tavan / Duvar / Zemin ) (%)
Oda Surface Reflectance Factors (Ceiling / Wall / Floor)
Endeksik
80 80 80 70 70 70 50 50 50
room

indexk 70 50 30 70 50 30 70 50 30
20 20 20 20 20 20 20 20 20

0.6 0.43 0.36 0.33 0.42 0.36 0.32 0.41 0.35 0.32
0.8 0.49 0.43 0.39 0.48 0.42 0.39 0.46 0.42 0.38

1 0.53 0.48 0.44 0.52 0.47 0.44 0.5 0.46 0.43
1.25 0.57 0.52 0.49 0.56 0.51 0.48 0.54 0.5 0.47
1.5 0.59 0.55 0.52 0.58 0.54 0.51 0.56 0.53 0.5
2 0.62 0.59 0.56 0.61 0.58 0.55 0.59 0.56 0.54
2.5 0.64 0.6 0.58 0.62 0.59 0.57 0.6 0.57 0.56

3 0.65 0.62 0.6 0.63 0.61 0.59 0.61 0.59 0.57

4 0.66 0.64 0.62 0.65 0.63 0.61 0.62 0.61 0.59

5 0.67 0.65 0.64 0.66 0.64 0.63 0.63 0.62 0.6

- - , ©,-200x6x10 _ 5998 gy
h=H-hwp =2.750.85=19m 0.578x0.8
o_axb __ 6x10 197
hx(a+b) 1.9x(9+10) N=—Do_ — 64878.9 _13 4 =12 adet armatiir.

Fork = 1.5 icin
Fork = 2.0 icin

Fork = 1.97 icin  N=0.578 olarak hesaplanir.
is calculated as 0.578

on

o lamba  4x1300

12.4 =12 luminaires

E = 12x4x1300x0.578x0.8 - 480 9 Ix + %5’e gére uygundur.

6x10 480.9 Ix acceptable for + %5
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Aydinlatma Hesap Cizelgesi Yardimi ile Armatiir Sayisinin Belirlenmesi
Aydinlatma hesap cizelgesi ilgili armaturdin kullanilacagi hacmin buydkltgtine
ve saglanmasi istenilen aydinlik diizeylerine gére toplam armattir sayilari hakkinda
bilgi vermektedir. Bu cizelgeler yardimi ile saglanmasi istenilen aydinlik dtizeyi
icin gerekli armatr sayisi kolayca belirlenebilmektedir. Cizelgeler olusturulurken,
genel kullanim dustintilerek oda ytiksekligi 2.75 m olarak kabul edilmistir. Oda
geometrilerinin de dikdértgen oldugu kabulti ile cizelgeler, toplam alani 20 ile
200 m? arasinda degisen degerler icin klasik bir ofis hacminde siklikla karsilasilan
yansitma carpanlarinin tavan, duvar ve zemin icin sirasiyla 0.7, 0.5 ve 0.2 olmasi
durumu icin olusturulmustur. Hesaplamalarda bakim faktérid 0.8 alinmistir.

Asagidaki cizelge, 20 ile 200 m? arasinda degisen alanlar icin klasik bir ofis
hacminde Pelsan 4x18W gliclinde 60 cm x 60 cm boyutlarinda ¢ift parabolik
lamelli siva alti ofis armatdiri kullanilmasi durumunda 300 Ix, 500 Ix ve 750 Ix
ortalama aydinlik dtizeyinin elde edilmesi amaciyla gerekli armattr sayilarinin
belirlenebilmesi icin olusturulmustur. Cizelgeden de gériilecegi gibi 60 m?’lik
hacimde 500 Ix ortalama aydinlik dtizeyini elde etmek icin 12 adet 4x18Wglictinde
tlp flloresan armatdr kullaniimasi gerekmektedir.

5014 4772
680
640
600
560
520
2 480
S 440
g 400
2 360
g 320
— 280
—8 24.0
< 200
16.0
120
80
4.0
0

0 20 40 0 80 100 120

Alan / Area (mz)

300 Ix 500 Ix 750 Ix

4x18W Cift Parabolik Lamelli Sivaalti Ttip Fltioresan Armattire ait 6rnek cizelge
Sample chart for 4x18W recested double parabolic luminaire
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Determination of Number of Luminaires With the help of Lighting
Spreadsheet

The lighting spreadsheet provides information on the the total number of
luminaires according to the size of the space where the luminaire is to be used
and the desired illuminance level. With the help of these spreadsheets, the
number of luminaires for maintaining the desired illuminance level can be easily
determined. In the preperation of the spreadsheets, room height has been
considered as 2.75 m considering general use. Assuming that the rooms have
rectangular geometries, the spreadsheets have been created for total area
values ranging from 20 to 200 m? and for conventional reflectance factors for
a classical office space as 0.7, 0.5 and 0.2 for the ceiling, wall and floor,
respectively. The maintenance factor has been taken as 0.8 in the calculations.

The following chart has been prepared in order to determine the number of
required luminaires for areas ranging from 20 to 200 m?, in a conventional
office space, in case of using the Pelsan 4x18W, 60 cm x 60 cm sized flush
mounted office luminaire with double parabolic louvres to obtain 300 Ix, 500
Ix, and 750 Ix average illuminance levels. As can be seen from the chart, 12
units of 4x18W fluorescent tube luminaires should be used in order to obtain
the average illuminance level of 500 Ix in a 60 m? space.
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Yol aydinlatma diizenekleri

-Soldan tek tarafli dlizenek

-Sagdan tek tarafli dlizenek

-Karsilikli diizenek

-Kaydiriimig diizenek

-Reftijden ¢ift konsollu dtizenek

-Reflijden cift konsollu karsilikli diizenek
-Reftijden ¢ift konsollu kaydiriimis diizenek
-Enine aski dtizeni

-Reflijde boyuna aski diizeni

Yol Aydinlatmasi Hesaplari
Yol aydinlatmasi hesaplari genelde “noktasal
aydinlatma hesabi yéntemi”ne gére gergeklestiriimektedir.

Yol siniflar

Yol ytizeylerinin yansitma 6zellikleri, ya q (B, y ) parilti faktord veya r ( B,tgy)
indirgenmis parilti faktérd ile verilirler. Gergekte parilti faktoru veya indirgenmis
parilt

faktori veya indirgenmis parilti faktéri g6z dntine alinan noktanin gézlemciye
ve 1sik kaynagina olan dogrultularina bagldir. Yol aydinlatmasinda kullanilan
yol siniflari,

ortalama parilti faktorleri ve S1, S2 aynasal faktérleri asagidaki tabloda
veriimektedir.

Yol Sinifi / Road Class do S1 S2
R1 0.10 0.25 1.53
R2 0.07 0.58 1.80
R3 0.07 1.1 2.38
R4 0.08 1.55 3.03
N1 0.10 0.18 1.30
N2 0.07 0.41 1.48
N3 0.07 0.88 1.98
N4 0.08 1.61 2.84
cl 0.10 0.24 -
Cll 0.07 0.97 -

Tablo: Yol ylizeylerinin kullanilan malzemeye gére siniflandiriimasi
Table: Classification of the road surface according to the materials used
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Road lighting arrangements

- Left hand single sided arrangement

- Right hand single sided arrangement
- Opposite arrangement

- Staggered arrangement

- Twin-bracket central arrangement

- Twin-bracket opposite arrangement
- Twin-bracket staggered arrangement
- Transverse catenary arrangement

- Axial median catenary arrangement

Road Lighting Calculations
Road lighting calculations are generally carried
out according to "point lighting calculation method".

Road Classes

The reflection properties of the road surfaces are given with either g (B, y )
luminance coefficient or r ( ,tgy) reduced luminance coefficient. In fact,
luminance coefficient

or reduced luminance coefficient depends on the direction of the given points
to the observer and to the light source. The road classes used in road lighting,
average

luminance coefficients and S1, S2 specular factors are given in the table below.

Aydinlatilacak olan yolun yeni olmasi, yolun S1 ve S2 buyukltklerini dlcebilecek
laboratuvar kosullarinin veya zamanin olmamasi gibi durumlarda yol tipi, kullanilan
malzemenin 6zelligine bagli olarak Tabloda verilen bilgilere dayandirilarak kabaca
belirlenebilir. Bu yaklasik bir sonug oldugundan, en son basvurulmasi gerekenbir
yontemdir. Tablo yardimiyla belirlenen yol sinifina ait r-tablosu kullanilarak, yol
aydinlatma hesaplamalari yapilabilir.

In a case such as the road to be illuminated being new, and the absence of
time or necessary laboratory conditions to measure S1 and S2 values of the
road, road type can be roughly determined depending on the nature of the
materials used, based on the information given in the table below. Since this
is an approximation, this method should be the last option to use. Road lighting
calculations can be made with the help of the table, using the r-table of the
determined road class.

Yol Sinifi / Road Glass Malzemenin Yapisi / Nature of the material
Beton yol ytizeyleri, yapay parlakligi %15 olan asfalt yol ytizeyleri, %80’ i cok parlak
:3111 tas parcaciklarindan olusan yol ylzeyleri.
Concrete road surfaces, asphalt road surfaces with 15% artificial brightness,
road surfaces that are 80% composed of very shiny stone particles.
Kaba yapili ve normal ince cakilli yol ytizeyleri , yapay parlakligi %10-15 olan asfalt
ylzeyler, cakil bakimindan zengin ( %60) ve cakil boyutunun 10mm’ den fazla

R2 oldugu puirtizlii ve kaba asfalt ytizeyler.

N2 Coarse structured and normal road surfaces with fine gravel, asphalt surfaces with
10-15% artificial brightness, rough and coarse asphalt surfaces which are gravel-
rich (>60%) and have gravels with their size over 1T0mm.

R3 Koyu renkli capi 10mm ve daha kiictik boyutta cakil iceren kaba yapili asfalt ytizeyler

N3 kaba fakat parlak yol ytizeyleri
Coarse structured asphalt surfaces containing dark-colored gravels with
10mm diameter and smaller, coarse but shiny road surfaces

R4 . - . .

N4 Mastik asfalt, parlak ve oldukga dtizgtin yapili yol ylzeyleri.

Mastic asphalt, bright and fairly smooth structured road surfaces.

408
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Tiirkiye Sehir ici yollari ve aydinlatma siniflari
Turkey domestic roads and lighting classes

Yol Tanimi / Road Description Ayd. Sinifi / Lighting Class

Sehir baglanti ve cevre yollari (tek veya iki yonlii, kavsaklar ve baglanti
noktalari ile Sehir gecisleri dahil)

City link and peripheral roads (one-or two-way, including crossroads and linking

points and city transitions) M1
-Hiz >90 km/h ; M2
-Hiz <90 km/h;

- Speed =90 km/h ;
- Speed <90 km/h ;

Sehirici ana glizergahlar (bulvarlar ve caddeler ; ring yollari ; dagrtici yollar)

Innercity main routes (boulevards and streets; ring roads, distribution roads) M1
-50 km/h <Hiz <90 km/h ; 3 km’ den kisa araliklarla kavsak, yonca ayrimi var ; M2
-50 km/h <Hiz <90 km/h ; 3 km’ den kisa araliklarla kavsak, yonca ayrimi yok ; M3
-Hiz <50 km/h;

- 50 km/h <Speed <90 km/h ; interchanges at intervals shorter than 3 km , there is a cloverleaf interchange ;
- 50 km/h <Speed <90 km/h ; interchanges at intervals shorter than 3 km, no cloverleaf interchange ;
- Speed <50 km/h;

Sehirici yollar (yerlesim alanlarina giris ¢ikisin yapildigi ana yollar ve baglanti yollari)

Inner City Roads (main roads used for entry to residential areas and link roads) M3
-Hiz >50 km/h ; 3 km" den kisa araliklarla kavsak, yonca ayrimi var ; M4
-Hiz >50 km/h ; 3 km’ den kisa araliklarla kavsak, yonca ayrimi yok ; M4
-Hiz <50 km/h ; 3 km’ den kisa araliklarla kavsak, yonca ayrimi var ; M5

-Hiz <50 km/h ; 3 km’ den kisa araliklarla kavsak, yonca ayrimi yok ;

- Speed >50 km/h ; interchanges at intervals shorter than 3 km , there is a cloverleaf interchange ;
- Speed >50 km/h ; interchanges at intervals shorter than 3 km , no cloverleaf interchange ;
- Speed <50 km/h ; interchanges at intervals shorter than 3 km , there is a cloverleaf interchange ;
- Speed <50 km/h ; interchanges at intervals shorter than 3 km , no cloverleaf interchange ;

Yerlesim (ikametgah) bélgelerindeki yollar
Roads in the settlement (residence) regions

M4
-30<Hiz < 50 km/h ; sug orani ylksek; M5
-30 <Hiz < 50 km/h ; sug orani normal; M5
-Hiz <30 km/h ; sug orani yuksek;
- Hiz <30 km/h; sug orani normal; M6
-30 <speed < 50 km/h; crime rate is high;
-30 <speed < 50 km/h; crime rate is normal;
- Speed <30 km/h ; crime rate is high;
- Speed <30 km/h; crime rate is normal;
Farkli aydinlatma siniflari icin saglanmasi gereken aydinlatma kalite biydikltkleri Burada; 5
Lighting quality values to be be provided for different lighting classes Lo : Yolun ortalﬁmaﬂpqﬂlhy (cd/m )
- Uo: Ortalama dtizglnluk (Uo=Lmin/Lort)
Aydinlatma Sinifi / Lighting Class L o ( €d/m’) Uo Uy Tl (%) SR Ul : Boyuna dtizginltik (Ul=Lmin/Lmaks)
M1 ~20 >~ 04 ~07 <10 ~05 Tl : Bagil egik artign (TI={ALc-ALe }/ALe).
= = = = = SR: |
M2 15 - 04 =07 <10 - 05 Cevreleme orani
M3 >1.0 > 0.4 >0.5 <15 >0.5 Here; ,
- Lo : Average road luminance (cd/m)
M4 20.75 =04 =05 =15 =05 Uo : Average uniformity (Uo=Lmm/Lort)
M5 >0.50 >0.35 >0.4 <15 >0.5 Ul : longitudinal uniformity (Ul=Lmin/Lmaks)
Tl : Relative threshold increment (TI={ALx-ALe }/ALe).
Mé >0.30 >0.35 >04 <15 - SR: Surround ratio
Yol ylizeyinde aydinlatma hesabi yapilacak noktalarin belirlenmesi Determination of the points on the road surface for lighting calculations
Oncellik-le hesap alaninin beIirIen.ml.esi g‘(lerekir. Yol aydlnlatr‘n-a hesaplaflnda hesap Firstly, the calculation area should be determined. In road lighting calculations,
alani iki direk arasinda kalan bélimddr.Hesap alanindaki ilk armattirden 60 m calculation area is the section between two poles.The positions of the observer
geride ve her seridin ortasinda olacak sekilde gézlemci konumlari belirlenir. are determined at 60 m behind the first luminaire in the calculation area and

in the middle of each lane.
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N: boyuna dogrultudaki hesap noktalari sayisi
direkler arasi mesafe; s 3f 30 mise N =10
direkler arasi mesafe; s> 30 mise D 3 3 m olacak -ekilde N belirlenir.
Her bir seritte enine dogrultudaki hesap noktasi sayisi =3
d: Enine dogrultuda hesap noktalari arasindaki mesafe (ws / 3)

Burada;
s: direkler arasi mesafe (m)
ws: serit genigligi (m) dir.

Yol ylizeyindeki bir noktanin aydinlik diizeyinin hesaplanmasi
Bir noktanin yatay aydinlik dtizeyi, katkida bulunan btittin armatrlerin bu noktada olusturduklari aydinlik dtizeylerinin toplamina esittir.
Sekilde aydinlik diizeyi hesaplanacak yol ylizeyi lizerindeki P noktasi gésteriimektedir.

Number of calculation points in the longitudinal direction

if the distance between poles; s 30 m then N =10

if the distance between poles; s > 30 m then N is determined asD 3 m.
The number of calculation points in the transverse direction on each lane = 3
d: distance between transversely oriented calculation points (ws / 3)

Here;

s: distance between poles (m)

ws: lane width (m).

Calculation of the illuminance level of a point on the road surface

The horizontal illuminance level of a point is equal to the sum of the illuminance levels created by all contributing luminaries at this point. In the figure,
point P on the road surface for which the illumination level is to be calculated, is given.

P noktasinin yatay aydinlik diizeyi asagidaki denklem ile hesaplanir / Horizontal illuminance level of point P is calculated using the equation

) IC.Y) cos’y
i=1 h2
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Burada,

I(C,y) - i. nci armatlirden P noktasina ulasan isik siddeti degeri (cd),
¥: P noktasina gelen isinin dtiseyle yaptigi agl,

a : P noktasina katkida bulunan armatdir sayisi,

h : Armattr fotometrik merkezinin yerden ytiksekligi (m)

C : Dlzlem agisi dir.

Es aydinlik diizey diyagramlar

Bir dlizlem (zerinde es aydinlik diizeylerine sahip noktalarin cizgiler halinde
birlestirilmesiyle es aydinlik dtizeyi diyagramlari elde edilir. Bu diyagramlarda
armatdrdn 1sik yayan optik boltimuntn yuksekligi (yaklasik olarak armatdrin
montaj yliksekligi) esas olarak kabul edilir. Biitlin diyagramlarda bu deger
standart olmasi agisindan 10 metre olarak alinmistir. Diyagram bir kartezyen
1zgara (grid) sistemi tzerine kurulmustur. (0,0) noktasi armatuirtin isik yayan
ylizeyinin merkezi olarak belirlenmistir. (0,0) noktasindaki, bir baska deyisle
armatuirtin tam altindaki aydinlik diizeyi (Enadir) diyagramin basliginda verilmistir.
(0,0) noktasinin Ust bélgesi kaldirim tarafi, alt bélgesi ise yol tarafi olarak
etiketlenmistir. X ve Y eksenlerindeki pozitif ve negatif sayilar (-7,-6,-5...0,1,2,3...)
ise armatur montaj yuksekligi cinsinden belirli

noktalardaki aydinlik diizeylerini belirlemeye yarar. Ornegin yol tarafi (1,1)
noktasi, armattire gére 10 metre sag ve 10 metre asagidaki noktayi belirtir. Bu
noktadaki aydinlik dtizeyini bulmak icin o noktaya en yakin es aydinlik dtizeyi
egrisi kullanilir. Es aydinlik duizeyi egrilerinin degerleri diyagramin altinda verilmistir.
Farkli ytkseklikteki armatirler icin diyagramin saginda bulunan gevrim tablosu
kullanilir. Grnegin 5 metre ytikseklikteki bir armattr icin bulunan aydinlik dtizeyi
4 ile carpilr.

Teknik Bilgiler Technical Information

Yol Aydinlatma Hesaplari

Road Lighting Calculations

Here,

I(C,y) :The value of the luminous intensity reaching point P from luminaire i (cd)

Y:The angle that the beam reaching point P makes with vertical,

a : Number of luminaires which contribute to point P,

h : Height of the photometric center of the luminaire from ground level (m)
C: Plane angle.

Isolux Diagrams

Isolux diagrams are obtained by linearly joining the points on a surface which
have equal illuminance levels. In these diagrams, the height of the optical part
of the luminaire which emits light (approximately the mounting height of the
luminaire) is taken as the basis. This value has been accepted as 10 m in all
diagrams as a reference value. The diagram is constructed on a grid system.
The point (0,0) has been specified as the center of the luminaire’s light emitting
surface. The illuminance level at point (0,0), in other words right below the
luminaire (Enadir) is given in the title of the diagram. The upper section of point
(0,0) has been marked as the pedestrian side and the lower section has been
marked as the road side. The positive and negative numbers on the x and y
axes are used to determine the illuminance levels on specific points in terms
of luminaire mounting heights. For example, point (1,1) on the road side defines
the point which is 10 meters to the right and 10 meters low with respect to
the luminaire. To compute the illuminance level at this point, the isolux curve
which is closest to that point is used. The values of the isolux curves have been
given below the diagram. For luminaires at different heights, the conversion
table given on the right side of the diagram is used. For example, for a luminaire
that is 5 m high, the computed illuminance level value is multiplied by 4.

ROAD SURFACE ISOLUX DIAGRAM
ILLUMINANCE AT MH=10 m Enadir = 25.62 Ix
w TO CONVERT TO OTHER MH,MULTIPLY BY FACTOR IN THE TA  BLE.
2 'F HEIGH | FACTOR
w F 5m 4.000
S oL
3 F 6m 2.778
T 7m 2.041
I -
s 8m 1.563
a,[ om 1.235
a F 10m 1.000
23t 11m 0.826
g F 12m 0.694
5 A7 37 - 7 13m 0.592
RATIO OF DISTANCE TO MOUNTING HEIGHT 14m 0510
— 21Ix — 16lx — 13x — 10x — 78Ix 15m 0.444
26lx  — 13k — 078lx — 026lx — 0.13Ix Tom 0391

Koni Diyagramlari

Konik diyagramlar, armattrden belli mesafelerde saglanan maksimum ve
ortalama aydinlik dzeylerini g6sterir. Konik diyagramda bulunan daireler,
armattrden ¢ikan isik htizmesinin sz konusu mesafede yarattigi aydinlatmanin
capini; bu dairelerin yaninda bulunan sayisal degerler, daire icinde saglanan
maksimum ve ortalama aydinlik dlizeylerini ifade ederler.

Cone Diagrams

Cone diagrams describe the maximum and average illuminance level values
maintained at different distances from the luminaire. The circles in the cone
diagram describe the diameter of the lighting created by the light beam coming
out of the luminaire at the distance in question; the numerical values next to
the circles describe the maximum and average illuminance levels maintained
inside the circle.
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Yol ylizeyindeki bir noktanin pariltisinin hesaplanmasi
Yol ytizeyindeki bir P noktasinin pariltisi, ttim armatirlerin bu noktada olusturduklari
pariltilarin toplamina esittir. Bir P noktasinin pariltisi,

Lp=§ |[Cr;_27,] qlpivi) .cos'y,

denklemi ile hesaplanir. Parilti faktéri g, belirli bir gézlem dogrultusu ve belirli
yéndeki isik dogrultusu icin hesaplanmig parilti degerinin, yatay aydinlik diizeyine
oranidir. Kullanilan buytukliklere ait gdsterim sekilde verilmektedir.

Burada,

I(C,vi) : i. kaynaktan P noktasina gelen isik siddeti degeri (cd),

vi : i.kaynaktan P noktasina gelen isin ile ytizeyin normali arasindaki agi,

h : Armatlr fotometrik merk;ezinin yerden yuksekligi (m)

q(Biyi) : Parilti faktérd (cd/m™/Ix)

o : Gézlem agisi. Yol ylizeyinden yanslyip géze gelen isik ile yatay diizlem
arasindaki dusey acl

B: Isigin gelis dogrultusunun disey duzlemi ile gézlem dogrultusu arasindaki
agl

C : Duizlem agisidir.

Teknilk Bilgiler Technical Information

Es Aydinhk
Duzey Diyagramlari
Isolux Diagrams

Calculation of the luminance of a point on the road surface

The luminance of a point P on the road surface is equal to the sum of luminances
created by all contributing luminaries at this point.

The luminance of point P is calculated using the equation:

Lp=§ |[Cr;_27,] q(pivi) .cos'y,

Luminance factor q, is the ratio of the luminance value calculated for a particular
observing direction and a particular light direction to the horizontal
illuminance levels. The representation of the parameters used are given in the
Figure.

Here,

I(Ci,Yi) : Luminous intensity value from ith source to point P (cd)

Yi: the angle between the beam from the ith source to point P and the normal
to the surface,

h: Height of the photometric center of the luminaire from ground level (m)
q(Bi,yi): Luminance factor (cd/m/l>z<)

Qg : Observation angle. Vertical angle between the light reflecting from the
road surface and reaching the eye and the horizontal plane

B: The angle between the vertical plane of the arriving direction of light and
the direction of observation

C : The plane angle.
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Industrial Area Lighting

Endlistriyel Alan Aydinlatmasi Industrial Area Lighting

*EndUstriyel alan aydinlatmasinda, kendine 6zgu gérevi olan araglar ézel * In the lighting of industrial spaces, tools that perform tasks of their own require
aydinlatmaya ihtiyag duyar. a special lighting.

*Bu tarz aydinlatmalar Oncelikle fiziksel gulvenlik saglamalidir. * This type of lighting should primarily provide physical security.
*Cisimlerin hareketlerinin yanlis algilanmalarina neden olan stroboskopik etki * The stroboscopic effect which results in incorrect detection of the motion of
ortadan kaldiriimalidir. objects should be eliminated.

*Cok fazla aydinlik seviyeisnden kaginmak gerekir. * Extreme illuminance levels should be avoided.

*Endustriyel alan aydinlatmasinsa, bu alanlarda galisan insanlarin rahati * In the lighting of industrial spaces, the comfort of people working in these areas
dustindlmelidir. should be taken into consideration.

*Asiri yansima ve goélgelerin olusmamasina 6zen gd&sterilmelidir. * The formation of excessive reflections and shadows should be taken care of.
*Bu tarz alanlar devamli faaliyet icerisinde olduklarindan, aydinlatmada enerji * As these types of places are constantly in operation, attention should be paid
tasarrufuna dikkat edilmelidir. to energy savings in lighting.

*Endustriyel tesisler genellikle ytiksek tavanli mekanlar oldugundan uzun calisma * As the industrial plants are usually spaces with high ceilings, light sources with
omrlne sahip 1sik kaynaklari tercih edilmelidir. long lifetimes should be preferred.

*Bu mekanlarda kullanilan armattirlerde lambalarin degisimi kolay olmalidir. * The replacement of lamps in the luminaires used in these spaces should be easy.
*Benzinlik gibi parlayici patlayici madde bulunduran yerlerde exproof armatdirler * Exproof luminaires should be used in places where flammable and explosive
kullaniimalidir. materials exist -such as gas stations

Armatur: 2X54W TL5 Karpat Yksek Tavan - 89W Karpat LED Yuksek Tavan Luminaire: 2x54W Karpat TL5 Highbay -89W Karpat LED Highbay
Mekan: Enddstriyel Alanlar Location: Industrial Areas

Aydinlatma Hesap Cizelgesi Yardimi ile Armatiir Sayisinin Belirlenmesi

Luminaire Arrangement and Light Distribution (Plant Top View) Aydinlatma hesap cizelgesi ilgili armattirtin kullanilacagi hacmin bdyukldigtine

ve saglanmasi istenilen aydinlik diizeylerine gére toplam armattir sayilari hakkinda

500 bilgi vermektedir. Bu ¢izelgeler yardimi ile saglanmasi istenilen aydinlik dtizeyi
icin gerekli armatdir sayisi kolayca belirlenebilmektedir. Cizelgeler olusturulurken,

750- 750~ 0 genel kullanim dustindlerek tavan ytiksekligi 8 m olarak kabul edilmistir. Oda

7;0 ﬁ 75/0 1(]00 (1000 1000 geometrilerinin de dikddrtgen oldugu kabulu ile cizelgeler, toplam alani 80 ile
260 m? arasinda degisen degerler icin klasik bir ofis hacminde siklikla karsilasilan

75, 500 yansitma garpanlarinin tavan, duvar ve zemin icin sirasiyla 0.3, 0.3 ve 0.1 olmasi
5(,/'750 50" 1000 750 durumu icin olusturulmustur. Hesaplamalarda bakim faktord 0.8 alinmstir.
750’"‘ 750 SE Asagidaki cizelge, 80 ile 260 m? arasinda degisen alanlar icin klasik bir enddistriyel

750 alan hacminde Pelsan 89W Karpat LED ve 2x54W Karpat TL5

yuiksek tavan armattru kullaniimasi durumunda 200 Ix, 300 Ix ve 500 Ix ortalama

aydinlik dtizeyinin elde edilmesi amaciyla gerekli armatir sayilarinin belirlenebilmesi

icin olusturulmustur. Cizelgeden de gérilecegi gibi 240 m?lik hacimde 300 Ix
ortalama aydinlik diizeyini elde etmek icin 18 adet 89W Karpat LED ve ya 19

Sample 3-Dimensional Plant Lighting Model

adet 2x54W Karpat yuksek tavan armatlrd kullanilmasi gerekmektedir.

Determination of Number of Luminaires With the help

of Lighting Spreadsheet

The lighting spreadsheet provides information on the the total number of luminaires according to the size of the space where the luminaire is to be used and the
desired illuminance level. With the help of these spreadsheets, the number of luminaires for maintaining the desired illuminance level can be easily
determined. In the preperation of the spreadsheets, ceiling height has been considered as 8 m considering general use. Assuming that the rooms have
rectangular geometries, the spreadsheets have been created for total area values ranging from 80 to 260 m? and for conventional reflectance factors for
a classical industrial area space as 0.3, 0.3 and 0.1 for the ceiling, wall and floor, respectively. The maintenance factor has been taken as 0.8 in the calculations.
The following chart has been prepared in order to determine the number of required luminaires for areas ranging from 80 to 260 m?, in a conventional
office space, in case of using the Pelsan 89W Karpat LED and 2x54W Karpat TL5 luminaires to obtain 200 Ix, 300 Ix, and 500 Ix average illuminance levels.
As can be seen from the chart, 18 units of 89W Karpat LED luminaire or 19 units of 2x54W T5 Karpat should be used in order to obtain the average illuminance

level of 300 Ix in a 240 m? space.

0o Karpat 2X54W T5 0o Karpat LED 89W
36.0 36.0
320 320
> 280 > 280
£ £
g 20 = 240
z g
O 200 : y O 20.0 —
= 160 = 160
z — 3 I
Z no T — Z 0 — T
8.0 - 80 | —
| _—-——’
4.0 4.0
o o
80 100 120 140 160 180 200 220 240 260 80 100 120 140 160 180 200 220 240 260
2001x 300 1x 3001 Alan/ Area (m’) Alan / Area (m’)

300 Ix 500 Ix

200 Ix
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* Aydinlatma Kontrolii Yapmak

Aydinlatmanin gerekli oldugu zamanlarda yeteri kadar yapilmasini saglayan sistemler kullanilarak enerji
tasarrtufu elde edilebilr. Bu sistemler sensérlerinden aldigi sinyaller dogrultusunda insanlarin olmadigi
zamanlarda lambalari kapama ve ortama giren guinisigi miktari artinca lambalari kapama veya dimmerleme
islemini otomatik olarak gerceklestirirler.

Aydinlatmaya gerek duyulmayan zaman strelerinde kapam ve gereginden fazla aydinlatma yapmamak
lizere dimleme yapan bu sistemlerle %40’e varan enerji tasarrufu saglanabilir.

*Use of Lighting Controls

Energy savings can be obtained by using systems that provide lighting in the required amount for the
necessary time periods. These systems carry out the automatic process of dimming or turning the lights
off through the signals they receive from their sensors, when there are no users and when the amount
of daylight entering the space is increased.Up to 40% energy savings can be achieved
with these systems which turn the lights off in the periods when there is no need for lighting and
provide dimming in order to prevent excessive lighting.

Uygun Aydinlatma Tasarimi Yapmak

Enerji tasarrufunu esas alan bir tasarimda éncelikle ilgili alandaki ytizeyler (Duvar, Tavan, Zemin) yansitma
faktéru ylksek renklerle boyanmali veya kaplanmalidir. Gerekli aydinlatma ilgili her bir diizey icin ele
alinmalidir. Ornegin bir ofis aydinlatmasinda calisma dtizlemi icin 1000 Itix'Itik aydin seviyesi gerekiyor
ise tlim ofis 1000 ltix seviyesinde aydinlatimamalidir. Alternatif Aydinlatma Céztimleri

* Glinduzleri dis ortamdan yeteri kadar 1sik almayan ic mekanlari fiber optik kablolar veya yansitici
borularlar tasimak surtiyle aydinlatmak.

* GUines enerjisinden elektrik enerjisi elde eden ve elde ettigi elektrik enerjisini depolayan , depoladig
enerjiyi de guines isiniminin olmadigi zamanlarda aydinlatma islevini yerine getiren gtines enerjisi
sistemlerinin kullanilmasi.

* Enerji tasarrufunda amag enerji girdisini azaltmak oldugundan bu enerjinin yenilebilir kaynaklarindan
saglanmasiyla bu amag gerceklestirilebilir. Evlerin catilarina yerlestirilecek ktictik boyutlu riizgar gtines
hibrit enerji sistemleriyle acil aydinlatma icin gerekli olan ihtiyag karsilanabilir.

Convenient Lighting Design

In a design based on energy savings, primarily the surfaces in the related space (walls, ceiling, floor)
should be coated or painted with colors of high reflectance factors. The necessary lighting should be
addressed for each respective level. For example, for the lighting of an office, if a 1000 lux illuminance
level is needed for the work plane, the whole office should not be illuminated with 1000 lux.
Alternative Lighting Solutions

*Lighting interiors which do not get enough light from the outer environment during the day, by
carrying the light through fiber optic cables or reflective pipes.

*The use of solar energy systems which acquire electricity from solar energy, store the acquired electrical
energy and use the stored energy for lighting functions when there is no solar radiation.

*As the purpose of energy saving is to reduce the energy input, this goal can be accomplished by the
supply of energy from renewable sources. The demands for emergency lighting can be met with a
small-sized wind solar hybrid power system which can be placed on the roofs of houses.

Technical Information

Lighting Control and Design

CAPTURE zone
“ \ '.'C.‘.! i e

o
DELIVERY zone

Sekil 3 - Catiya monte glines borusu
Figure 3 - A roof mounted solar tube

Sekil 4 - Glines enerjisi ile aydinlatma

Figure 4 - Solar energy lighting
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* Yiiksek Verimli Isik Kaynaklari Kullanmak

Aydinlatma icin gerekli olan 15191 etkinlik faktérid yiksek olan isik
kaynaklarindan saglamak aydinlatmada enerji tasarrufunun ilk sartidir.
Etkinlik faktord yuksek olan 1sik kaynaklari birim gti¢ basina daha fazla 1sik
akisi verir. Dolayisiyla, etkinlik faktord olan kaynaklar kullanilarak yapilan
aydinlatmada ayni aydinlik dtizeyi icin daha az isik akisi verir. Dolayisiyla ,
etkinlik faktéru yuksek olan kaynaklar kullanilarak yapilan aydinlatmada
ayni aydinlik duzeyi icin daha az 1sik kaynagina ihtiyag duyulur ve daha az
enerji harcanir. Ornegin ytiksek basincli civa buharli lambalarla yapilmis
olan fabrika i¢ aydinlatmalarini floresan lambalarda yapmak %43 e varan
degerlerde tasarruf saglayabilir. Isik kaynaklarina ait etkinlik faktérleri
lambalara ait karsilastirmali tablodan alinabilir.

* Yiiksek Verimli Armatiirler Kullanmak

Armatdrler iclerindeki i1sik kaynaklarin yaydigi tim isinlari etkin bir bicimde
kullanildigi alana dagitamaz. lIsinlarin  bir kismi yansitici
ylzeyler tarafindan sogurulur veya bu ylizeyler dogru
konumlandirilmadiklarindan dolayi amaclanan alana yansitilamaz. Bu
durumu ortadan kaldirmak icin kaliteli ve uygun tasalamis bir yansiticiya

sahip ytiksek verimli armaturler kullaniimalidir.

* Daha Az Kayipli Bilesenler Kullanmak

Glinlimtizde verimli i¢ ve dis aydinlatmanin temel elemanlarindan olan
desarj lambalari genel olarakbalast, starter, atesleyici vb.
yardimai bilesenlere ihtiyag duyar. Bu elemanlardan 6zellikle stirekli devrede
olan balast gibi yardimcr bilesenlerin aktif gti¢ kaybi sistemin verimliligini
Senmli Slclide etkiler. Ornegin, daha az aktif glic kaybina sahip balastlar
( Dustik kayiplt manyetik veya elektronik balastlar) veya klasik tesisat yeirne

busbar kanallar kullanilarak sistem verimligi artirilabilir.

Teknilk Bilgiler Technical Information

Yuksek Verimli
Armatur Kullanimi
Use of High Efficiency Luminaires

*Use of High Efficiency Light Sources

The first requirement of energy-savings in lighting is to provide the necessary
light for illumination from light sources with high luminous efficacy. Light
sources with a high luminous efficacy emit more luminous flux per unit
power. Therefore, in illumination with sources having high efficacies, a
lower number of light sources are needed and less energy is used for
maintaining the same illuminance level. For example, use of fluorescent
lamps for the interior lighting of a plant, where high-pressure mercury
vapor lamps have been used, can provide savings up to 43%. Efficacy
factors of light sources can be obtained from the comparative table of
lamps.

*Use of High Efficiency Luminaires

Luminaires can not efficiently distribute all the light beams radiating from
the light sources inside the luminaire. Some of the light beams are absorbed
by the reflecting surfaces or when these surfaces are not positioned
correctly, the beams can not be reflected to the target surfaces. In order
to overcome this situation, high efficiency luminaires with reflectors of
high quality and proper design should be used.

*Use of Components with Lower Power Loss

Today, one of the key elements of efficient interior and exterior lighting,
discharge lamps, generally need auxiliary components such as ballasts,
starters, igniters, etc.. Active power loss caused by auxiliary components,
especially the ones which are continuously operating such as the ballast,
can significantly affect the efficiency of the system. For example, system
efficiency can be improved with ballasts with lower active power loss
(lower loss magnetic or electronic ballasts) or using busbar trunks instead
of classic installations.

Giin 151§1 sensériine bagli dimmerleme ( Luxmate)

Dimming based on daylight dimming (Luxmate)
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Aydinlatmada Enerji Tasarrufu

Gorsel performans ve konfordan 6duin vermeksizin aydinlatma verimligini
artirarak enerji girdisinin azaltilmasiyla enerji tassarufu

yaplimasidir. Bu tasarruf yanlis bilindigi lizere yetersiz aydinltama yapilarak
saglanmaz. Clinkl yetersiz aydinlatma, her ne kadar enerji tiketimini
dustirse de ilgili alanda calisanlarin verimlerine negatif etkidigi icin nihayetinde
bir tassaruf saglamaz. Ayrica is kazalarinin artmasina neden oldugundan
beklenenin tam aksine bir sonug dogurabilir. Bu tasarruf asagidaki aydinlatma
bilesenlerinin iyilestiriimesi ile mimkdin olabilir.

* Yiksek verimliisik kaynaklari kullanmak

* Yiksek verimli armatdirler kullanmak

* Daha az kayipli bilesenler (Ornegin: daha distik kayipl balast) kulanmak
* Aydinlatma kontrolti yapmak.

* Uygun Aydinlatma tasarimi yapmak.

* Alternatif aydinlatma bilesenleri kullanmak

Teknil Bilgiler Technical Information

Enerji Tasarrufu
Energy Saving

Energy Savings in Lighting

The concept is to obtain energy savings through reducing the energy input
by increasing the efficiency of lighting without compromising from visual
performance and comfort. Against false knowledge, these savings can not
be obtained through insufficient lighting. The reason to this is that while
insufficient lighting can lower the energy consumption, as it affects the
efficiency of the workers of the lit space, it does not provide real savings
at the end. Furthermore, as it increases the accident rate at work, it may
lead to an unexpected result. These savings may be possible with the
improvement of the following lighting components:

*Use of high efficiency light sources

*Use of high efficiency luminaires

*Use of components with lower power loss (for example: lower-oss ballast)
*Use of lighting controls

*Convenient lighting design

*Use of alternative lighting components
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