commons

O N § D E E D

@creatwe

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HESS SH, HE, 32, 84, &3 5 253 2 2UsLICH

— f=Rr—T0—]

Ch5d 2= =4S Mdor 2Lk

HEZAEA Aot EHSANE EAIGHADE ELICH

H2d. #5t= 0l A%=S 22l 5

Jd
0
it
=]
om
i
I
B
I3
I
!

o Fots, 0 HEEY HOIS0ILIH=EY 22, 01 AEENH HEE
EFEH LFEHHHOE 2hLICH

o REATZSE Y22 5718 PO 0123 ZAS2 MSEA Falil

HEAEH OHE 0IEAS Ad= A2 HWEN Sotl 325 BA S#sLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Coll

ection



http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

AH - B2 A7 3

dlAag]olo] 8 X = Ffroll %3l

A T B kAt

FINRERE ERKNERE
ETERTER

BERLE HK

W PO

2007



BR = B2 07 5 SC

dlAagfolo] -8 X = ol ¥gh

HAHT b Roaat

REHR R &

PINKER ERKNER
ETERTERH

MR

2007



dlAagfolo] -8 X = ol ¥gh

BRI fepr Soakat
HUUE R

e T8 B wXo= Y.

20074 6H H

ENKEBR: EEAERT
ETERTEHN EERTE Fxy
WM R

WEEKe] T8 HLEL2BM WS BAET

20074 6AH H

ZRE Fo
%= R Zl
%= R Zl



LIST OF FIGURES e i
LIST OF TABLES ‘e iii
SUMMARYY coveeeeremeeemenenen e iV
I. /K“I I TR W el S e 1
O. 22 A A ZHE T BA st 3
1. 2% 7]% ............................................................................................................. 3
AL £2h 0 Y o A . K 7 —— A
3. :,_;/]EO zily\éq] L;}% }_E%xgjq. 74]/1\1. ....................................................... 6
1. }_Dg E%}_ 137;" ........................................................................................... 13
1. S 7] T8 AT e 13
2 %_7]%1 HHOE:] g_l J;_L_ Lﬁo] }d;(g ....................................................................... 19
3. ST T Of] O T et 23
V. }_Dg }\]%gﬂo]lﬂ ........................................................................................ 24
V @:ﬂ]— 'l;'_g _T_I_%}‘- ................................................................................................. 28
VI. @ s 30
7"(:}-:1'1_ -5’_—@ .................................................................................................................. 31
lf’_ % .......................................................................................................................... 32



Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

LIST OF FIGURES

1 Luminaire arrangement of sports facility in front of

Cheju National University Student Hall « s eeseessessessssessmsmsinsiinns 5
2 The number of grid DY SPOTLS Area «w s sswssesessessesessunsusmnsistisintisisiiisiins 7
3 The number of grid At JOKCU COUTL -+ wsssreerssremmsssremmmssssimmmsnsanissesenens ]
4 The number of grid at basketball COUTt - - wwwsseremsmmremmmmsrrmmsncsieesneen 9
5 The measurement of illuminance value at jokcu court -w«eeeeeseseeeeeeees 10
6 The measurement of illuminance value at basketball court = 11
7 Distribution curve of luminous intensity [400W] «weeeeermrsmmnnninne 17
8 Distribution curve of luminous intensity [1IRW] oo 18
9 Distribution curve of luminous intensity [1.DKW] «eeeeeeeeemeesenininnnenn. 19
10 Dimensions of tennis courts showing typical column layouts - 20
11 Recommended mounting heights for outdoor tennis courts -+ 22
12 Recommended mounting heights of back areaq :---eeeeereeemeeemseeeennes 22
13 Luminaire aiming angles - e e ossssssssesses 23

14 Distribution of horizontal illuminance and uniformity
at jOkCU (670151 & MRRERR T T P PP PP P O PO PP PP PRTPPTPPRIPPED 26
15 Distribution of horizontal illuminance and uniformity

at baSketbaH 1670 16 1 o HERRER T T P P P P PP PP P O PEPPEPPRPP 27

,ii,



Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8

LIST OF TABLES

Standard illuminance of K «oreereereeeeoeeetaiiiii. 4
Lighting specifications of recrational sports facility -« 6
The illuminance caculation of sports facility «eeeeeeeeeeeeeeeeen: 12
Characteristics of the hghtmg SOUICES “+rerrerrerenrensssostueruntanttottuenuaneanes 14
Characteristics of metal halide lamps .................................................. 15
The simulation results of jOkCU COUTTL sererrereereemseereenmrtitiiiniiiaeee 25
The simulation results of basketball CoUTrt -=:worrerrererrermrrrereneenninn. 25
The simulation results of illumination modeling ««:««=weeerereseeseeess 29

- i -



Lighting Analysis and Design for Recreational

Sports Facility

Soun-Guo Gwun

Department of Electronic and Electrical Engineering
Graduate School of Industry

Cheju National University

Supervised by professor Seong-Bo Oh

Summary

This paper presents the simulations on the lighting design
and actual measurement analysis for recreational sports facility.
Based on illumination requirements, sports may be divided into
two groups - aerial sports and ground level sports - and
within these two group, they can be further divided into
multidirectional sports and unidirectional sports. Typical

multidirectional aerial sports include basketball and tennis. For

,iV,



aerial sports, the players and spectators view the playing object
from multiple positions, normally looking downward or
horizontally, but occasionally upward. These sports require well
distributed horizontal illumination and uniformity according to
aiming.

Therefore, this paper estimates horizontal illuminance and
uniformity ratio by actual measurement of sports lighting at
recreational game court in Cheju National University and
evaluation of sports lighting conditions for optimal design by

computer simulation.
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Table 1 Standard illuminance of KS

_ Uniformity
Horizontal average .
Sports Class ) [ min.
illuminance[lx] [ ]
avg.
Tennis or jokcu
250 or more 0.5 or more
(outdoor)
Basketball
100 or more 0.5 or more
(outdoor)

A2 AFostu A3 A odo d= ety dagool A g A7 HdE =
T 7F2 17.8[mlet A= 15.8[mlelx H7+F 7F2 11.81[mleF A= 31.1[m]e

TAS 22 vk 2eal ofgk AUIE Sl 2952 Table 29F o] A4




3|7 Hwo] W detol=s  1[kW] 1708 1%k 25 250[W] 370¢] F=3
717y A= e A7 FHs 5717 E(pole) Eol7F 4lmlQl A%t
UEFS 150[W] 5717} 2ol o] &5 Fig. 1 oM 7717 wi=/et +f

I o
A aeal 7197 wAE A d e

i

SOoo

1.81m

17.dm

Ed (e

el
|
15, 7m | L

O -

O position of luminaire

Fig. 1 Luminaire arrangement of sports facility in front of Cheju National

University Student Hall



Table 2 Lighting specification of recrational sports facility

Place Light source

Wall of Cheju National University| 1000[W] metal halide lamp, lea.
Student Hall 250[W] mercury lamp, 3ea.

Surrounding of playing area 150[W] sodium lamp, 5ea.

3. agee Fdo ME ==FFd ALt

dEF A S71TE BF A¥n 2ol gle 7IkE Qs @9
dagoold A71de x=s A i, SACd AR 2=A=
YOKOGAWA 51001 HAE ZEAES AMEstor, 54 A 3% 2Es

4713 vhee] 2% gg S3s

g slolo} sha, 7t el =e) SA3 Adke zztel AAZge] FelA o
FolAel @), ZAFl2 2@ AE gel wae 7z shshel o

2% AY 2ALE B3 SAHAM FEe] W0l 17.8x158[m] o= Tt=

148[m] 125+, A= 158[m] 105 #3t 234 12028 =2 73 &

o & AL Yo FTF WAool 11.81x31.1[m] o]== 7= 1.89[m]
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Fig. 3 The number of grid at jokcu court
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3641300 | 225|182 |11.0| 94 | 94 | 86

319 | 266 | 21.0 | 172 | 102 | 106 | 83 | 8.8

30.7 2421192 151|100 | 104 | 71 | 7.8

284 1219|187 ]155|104 104 | 53 | 7.1

2821213 |182]140|101| 88 | 66 | 66

261|208 | 170|134 |102 | 82 | 65 | 55

2441204 | 152|122 102 | 81 | 6.1 | 53

227711821140 | 121 | 81 | 80 | 6.1 | 47

219 1189 | 156|104 | 78 | 76 | 52 | 43

211 | 170|127 | 95 | 72 | 69 | 48 | 39

202164114 | 94 | 75 | 64 | 45 | 40
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Fig. 6 The measurement of illuminance value at basketball court
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Table 4 Characteristics of the lighting sources

Control of
Lighting |Luminous|Luminous|Life span| Color luminous Lumen
source flux efficacy rendering | intensity |maintenance
distribution
1L, * % * * * %k Kk * %k Kk * %
HF * % k * % * %k Kk * % kK * % *
MH * % kK * % % * % % * %k Kk * % k * %k
NH * %k Kk * %k K * % %k * % * %k * * %k Kk

IL : Incandescent Lamp

% The more symbols, the better charateristics.

Heg ool #xzo] ZFL 70~2,000[W]lel™ &&-E 70~80[m/W]e] L
T2 ¢ 3,000~10,000[h]e] T} A 2%+ 4,500~6,000[K]o] ™ A& 80~
90[Rale] a1 d<-2 13,000~ 185,000[Im] °] t}.

19t YEF W EZ(high pressure sodium lamp : NH)&= 921539 Zo| A 7}
T agol w1 Ao FAL magt =S FrE T2xyoy FFz

a1t JEF #xo &2 20~1,0000W]el™ &&-2 100~ 150[1m/W]e] it
g2 °F 16,000~24,000[h]elth. A%+ 2200[K]ol™ <A 28[Ralo] aL
%42 6,000~ 133,000[Im] ]

710 A Fdel diste] mlals] B Ao uwel AMA o] FoAIHE AF

o}
o}
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Mg defol= xS AlEd o]l

ek defol= FHxFo] 400[W], 1[kW], 15[kW]E AF&stodA] A& olA
7]

CEDIE:
o

Hg dgfols Az QoA Ay B onlel o] 3% WS (high
intensity discharge lamp : HID) 9| slvp24 2% J&o] vl 3 =t} 35

Table 5 Characteristics of metal halide lamps

Input Tube Tube Luminous )
har. Life span
voltage current voltage flus
Spec. [h]
[V] [A] [V] [Im]
150[W] 220 1.0 100 13,000 9,000
175[W] 220 15 130 14,000 9,000
250[ W] 220 2.1 130 21,500 9,000
400[W] 220 3.25 135 40,000 10,000
1,000lW] A Type 220 75 145 90,000 9,000
1,000lW] B Type 220 4.5 250 109,000 9,000
1,500[W] 220 6.4 250 145,000 3,000
2,000[W] 220 9.2 230 185,000 6,000
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Test 115305180

Manufactwer,  LITHONIA ARCHITECTURAL OUTDODR
TYPE 5, SHORT , CUTOFF

Lurninaire catalog K52 400M RES

Lamp:  400WATT METAL HALIDE [ED-28 ENVELOFE)
Lamp catalog: - MH400/U/EDZ3

Maximum Intensity =12410

Fig. 7 Distribution curve of luminous intensity [400W]
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Test 1193022601

Manufacturer,  LITHONIA ARCHITECTURAL OUTDOOR
TYPE 5, SHORT , CUTORF

Luminare catalog:  KSF3 1000 RGBS

Lampe  1000°WATT METAL HALIDE - BT-37 ENVELOPE
Lamp catalog:  M1000AU/BT-37

Maximum Intensity 229397
Degrees=0

Fig. 8 Distribution curve of luminous intensity [1kW]
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Tegt: 98120902

Manufacturer: LITHONIA LIGHTING

SPORTSLIGHTER W/DIFFUSE REFLECTOR, FLUX MANAGER, CLEAR GLASS
Luminaire catalog: TSP 1500M GP24w/ES

Lamp:0OME 150044ATT CLEAR BT-6 ME TAL HALIDE, HORIZONTAL POS.
Lamp catalog: M1500/BU-HOR

Mazximum Intensity =165
Degrees=0

——
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Recommended illuminance

and uniformity over this area

Fig. 10 Dimensions of tennis courts showing typical column layouts
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General rule for mounting height 1=

-
Competition - h min = 7m + 0. 43 o ’;T 18m
-
Recreation - hmin = 3m + 0. 4a -
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Fig. 13 Luminaire aiming angles
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Table 6 The simulation results of jokcu court

Aiming Aiming Aiming
Jokeu court (t.ﬂt angle; 10°) (t.ﬂt angle; 15°) (t.ﬂt angle; 20°)
Illuminance . ~ [Illuminance . ~ {Illuminance . .
Uniformity Uniformity Uniformity
[1x] [1x] [1x]
1000[W]
o 282 0.57 299 0.79 300 0.80
Luminaire *3
(lea.) |1500[W]
3 268 0.1 318 0.16 364 0.21
400[W1]
114 0.72 113 0.72 112 0.72
Luminaire *3
(2ea.) | 1000[W]
3 549 0.61 555 0.60 555 0.62
Table 7 The simulation results of basketball court
Aiming Aiming Aiming
Basketball court (t.ﬂt angle; 10°) (t.llt angle; 15°) (t.llt angle; 20°)
Illuminance . ~ [Illuminance ] ~[Illuminance . .
Uniformity Uniformity Uniformity
[1x] [1x] [1x]
1000[W]
o 361 0.62 366 0.62 368 0.62
Luminaire *3
(lea.) |1500[W]
3 506 0.51 460 0.27 500 0.33
400[W1]
o 171 0.33 170 0.55 170 0.4
Luminaire *3
(2ea.) |1000[W]
3 497 0.53 505 0.53 506 0.51
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)

(a) Aiming (tilt angle 15°

(b) Aiming (tilt angle 20°)

Fig. 14 Distribution of horizontal illuminance and uniformity at jokcu court
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. Uniformity
Horizontal average
Model type Sports class l . min.
illuminance [1x] [ ]

avg.
MH 1000W=*1, 3ea. _ )
o Tennis or jokcu 300 0.80
(aiming : 20°)
MH 400W=*2, 3ea.
Basketball 170 0.55

(aiming : 15°)
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