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1
1.1
[1], 1 o ,
80 km/h . =1 200 veh/h , <80 km/h . <1 200 veh/h
1
Tab.1 Interior zone luminance cd/m?
/ /(veh/h) /(veh/h)
(km/h) =1 200 350~1 200 <350 =650 180~650 <180
120 10.0 6.0 45 10.0 6.0 45
100 6.5 45 3.0 6.5 45 3.0
80 35 25 1.5 35 25 1.5
60 25 1.5 1.0 25 15 1.0
20~40 1.0 1.0 1.0 1.0 1.0 1.0
.D 100 km/h 80 km/h ;
®) 120 km/h 100 km/h ;
©) , 2.0 cd/m?,
1 3 , ,
60 km/h<V<80 km/h, . ,
N -, Vi 1, L, L, vV Vi 'V, ,
(D) o
(V=-V)(L~L)I(V,=V)+L, , V=40 )
"L, , V<40
. Lo , ,L=2.0 cd/m?, Lo=1.0 c¢d/m?,
1.2
, 24 h 5 s
[15]
LED s , N s
IlélO
\ N N \ LED
b 1 o E) /
; ( . D)
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| o
,  PWM LED :f
| o Y 5 ]
’ 1
70% ° P Fig.1 Control scheme of tunnel lighting system
’PO
LED , P,P LED
LED LED s
LED P P (2) S 80 km/h LED
max (1.05P,,P,;,) ,P,<P<1.05P,
Pr: maX(Rquin) ’0'95P0SPsP0 (2)
max(1.05P,P,;,),P<0.95P, P>1.05P,
3 , ; 20 s
2
2.1
i, , 12
s 3352 m, 1 1533 m,2 1 819 m; 10.25 m, 7.425 m,
8.5 m, , N=1 200 veh/h, 80 km/h, 2 s
1 383 m; , 10 Ix-ed™ m?,
LED s NHLED101~NHLED103, 100 Im/W ,
120°, n=1, 8.89 m, 7 m, 107 W,
16 692 W, 107 W LED s s R
el 39% , 0 ,
, D (80 km/h) | (=1 200 veh/h) , ,
(50 Ix) (35 Ix), ;@ .
, (5 cd/m?) (<3.5 cd/m?),
2.2
s s LED
2 . ( )o
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) 107 W,
2 .
Tab.2 Power of single lamp under different vehicle speed and vehicle volume W
/(veh/h)
/(km/h)
N=1 200 350<N<1 200 N<350
80 66 47 28
70 59 40 24
60 49 29 20
50 35 24 20
40 20 20 20
2 A}
. ) N , 27.68
kW 16.692 kW, ) N )
LED . 80 km/h . N=1 200 veh/h 350 veh/h<N<1 200 veh/h  N<<350 veh/h ,
63.1% ,73.6% ,84.2% ;
38.8% ,56.3% ,73.8% o o
30; . = - = - —<— N=1 200 veh/h
a5tk —©— 350 veh/h<N<1 200 veh/h
—A— N<350 veh/h
5 20 o
s _k L 2 @ @ @ @ @ =
10
35 a M//ﬁig
0 I | I | | |
20 30 40 50 60 70 80
/(km/h)
2
Fig.2 Graph of total power of lighting system
2.3
Dialux o [7]
Dialux , NVC NHLED102 120 W/120°
LED 120 W, 120°, , N
, ( /1120), .
A b ’ 3
o 3 o
3 ) ’ Al
, 3% 0
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3 ~
Tab. 3 Simulated and standard values of minimum illuminance and uniformity under different vehicle speeds and vehicle
volume
N=1 200 veh/h 350 veh/h<N<1 200 veh/h N=350 veh/h
/
(km/h) / / /
Ix Ix Ix
80 35.64(35) 0.59(0.4) 0.84(0.6) 25.38(25) 0.59(0.35) 0.84(0.55) 15.12(15) 0.59(0.3) 0.84(0.5)
70 30.24(30) 0.59(0.4) 0.84(0.6) 20.52(20) 0.59(0.35) 0.84(0.55) 12.42(12.5) 0.59(0.3) 0.84(0.5)
60 25.38(25) 0.59(0.4) 0.84(0.6) 15.12(15) 0.59(0.35) 0.84(0.55) 10.26(10) 0.59(0.3) 0.84(0.5)

50 17.82(17.5) 0.59(0.4) 0.84(0.6) 12.42(12.5) 0.59(0.35) 0.84(0.55) 10.26(10) 0.59(0.3) 0.84(0.5)
=40 10.26(10) 0.59(0.4) 0.84(0.6) 10.26(10) 0.59(0.35) 0.84(0.55) 10.26(10) 0.59(0.3) 0.84(0.5)

, o Dialux

[1] . JTGJ D70/2-01-2014 [S]. : ,2014.

[2] , , , . [J]. ,2012(3) :106-112.

[3] , , , . [J]. ,2013(9) :246-248.

[4] . [D]. : ,2012.

[5] , , . [J]. ,2015(1) :50-54.

(6] : [D]. : ,2016.

[7] . [J]. ,2016,33(4) :67-73.

[8] . [J]- ,2014(5) :11-14.

[9] . [7]. ,2015(8):301-305.

[10] . Zigbee LED [D]. : ,2015.

[11] . [D]. : ,2015.

[12] LEE J E,CHOI H K. Tunnel lighting control system using fuzzy reasoning[J]. Transactions of the Korean Institute of Electrical
Engineers,2014,63(8) : 1140-1145.

[13] PARISE G,MARTIRANO L,PARISE L. The energetic impact of the lighting system in the road tunnels[J]. [EEE Transactions
on Industry Applications,2015,52(2):1-7.

[14] ZHANG QIAN. The design of tunnel lighting intelligent control system[]J]. Applied Mechanics & Materials ,2015,734:984-993.
[15] . LED [J]. ,2016(5) :129-132.

[16] ) ) . [J]. ,2015(6) :113-119.

[17] ; : (7. ( ),1999(6) :41-43.
[18] ; ; . [J1- ,2005(1):51-55.

REIM  https://www.cnki.net



2 , 133

Tunnel Lighting Energy —saving Control Based on Parameter Opti-
mization of Luminaire Distribution

Yang Chao,Cheng Cui,Xu Yihang

(School of Mechanotronics & Vehicle Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract:In order to reduce the energy consumption of tunnel lighting to the greatest degree on the premise of
guaranteeing driving safety, a lighting energy —saving control system for the tunnel interior zone was proposed.
Based on the optimized luminaire—installation—parameters (LIPs), the lighting system was controlled to realize the
maximum energy—saving by using dimming method to adjust the power of LED lamps according to the minimum
demand brightness determined by the actual vehicle speed and vehicle volume. By taking the tunnel-interior—
zone lighting system of Yanlieshan tunnel as an example, the energy—saving control of the optimized central lu-
minaire distribution lighting was carried out, and contrasting experiments were conducted between the LIPs opti-
mized lighting system and the actual transformed lighting system with electromagnetic induction lamps (EILs).
The results found that the dimming—controlled lighting system can save 38.8% more energy than the optimized
lighting system without control, or save 63.1% more energy than the actual transformed lighting system with
ElLs, and the energy—saving effect was remarkable. The dimming—controlled lighting system based on the opti-
mized LIPs was simulated with Dialux. The simulation results showed that the minimum illuminance, overall uni-
formity and longitudinal uniformity of the tunnel road surface illuminance meet the traffic demands of the tunnel
lighting.

Key words: tunnel lighting; energy—saving control; parameter optimization; simulation
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