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Development of a High Efficient LED System for the Plant Growth
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ABSTRACT

This study was carried out to develop an efficient plant growth system that can be controlled by altering

the wavelength and illumination using a LED module.

If it is possible to develop a system that can be

controlled in this manner, utilizing different characteristics in the meaningful wavelength band depending on
the growth time or type of plant, the plant growth conditions can be optimized. In order to this, red, green,
blue and white LEDs are arrayed in a rectangle, consisting of LED modules which can be combined with
each other. Consequently, the array can be used to select the optimal light conditions with monochromatic
red, green, blue and white LEDs, or mixed LEDs, for plant growth. Experiments on the characteristics of the
wavelengths to evaluate the efficiency of the plant growth system were performed. The usefulness of the
system was demonstrated through a cultivation test involving several special plants.
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Fig. 1 Schematic of LED system for plant growth
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Fig. 5 Heat sink model for thermal analysis

Fig. 6 Thermal analysis by ANSYS R14.5

Table 1 Thermal analysis result of heat sink

Temperature(C ° ) Heat Flux(W/m?)

Case Min. Max. Min. Max.
0 29.996 30.001  0.10298 47.622
1 28.070 30.175  0.10298 5345.9
2 27.893 30.202  0.10298 6110.3

Fig. 7 Developed heat sink

Fa EAo) did HrME FAs)d A B
A=A A 2= @FH = #e SHsAh
T =47]= TESAY] 1330A =doli B =37
LI-CORALS] LI-250A ®=lo|t}, Fig. 8 X%

g

I3 B e A= AHOZ SMD LED EE|A
= AW 12200lux®}t  259.7pumolo] ZAHEoH
COB LED X E°|AE 10,640luxe} 478.8umolo] =

A=t ¢43 ble} o] COB LED EEolA 3
@doll &g PPFD7} IAl S H AT PWM &
WA o2 0% 100%7HA] UWHAEE] 7Hest2
2 A HHd 2A HAG 25 HYE e A
o] Jad AHolth T =9} H|HEe BT

(b) COB type LED module

Fig. 8 Measuring illumination and mol of LED
system

-124 -



IFEE LED A& A Alz=gl g a7 A7Eee 8 %], Al133, AM4s

Aj71el wel FYE A AFS JHA= LEDEE 943
9] Zo] el EE 25 Z HIAZ] oA F
54 4 ol mE AE9 4% T d A=
% Zo=Z HRY B AFoies A& A
A7 D AEEE AFA FFE VX = Fa
548 gotsty] Yste 15712 @ 2 E§g
Ao TS FUIFOEN F F 3T gl A
o] 2EA 83 EA4steT 8% =7E A
P =

Fig. 9% 7N LED A &A1& AR8-3h
I Fshs AUoR 15714 Ao oAy
92 el distd S-S FIsiATE
A71= Spectral productsAF2] SM-240 Spectrometer

I o o

Fig. 9 Measuring wavelength of LED
system

©W+R+G+BLED

(b) R + G + B LED

Fig. 10 LED light for each case

zdolm A& S/WE SM32-PRO°| T}

15714 7 -9-9 @Ag 9 S g o
E4& Hrsly] 9lste] Table 29] LED typed 2

FetAnt Fig. 102 ZF 9o g LED %

AR Yepd Aow E3Fe Ae do AuA
ok Mo Z3fo] o] Fo|X W Fig. 113} zFo] Zt
o] LED
Aol gk Fupgo] FolstA vYebds &
. Fig. 1129] (a)& R LEDol tig #3bd 54 1
Hrzex 7FESFS Fa(m)olil Az B4
T2 Jepdth 3= SHAD Y wet Aol
22 2E ZAHA 200mmE X3k

15714 7 9ol gk F9d 54 29 dFS
shte] 93 94-E 7HAY W LEDE Fig. 119 (d)
o o] F Ao HAsFE VMR Y AT
LED 2E¢ A$ R LEDE ¢ 660nm, G LEDE
oF 520nm, B LEDE ¢F 450nme] AAEAS HY
k. W LED= 29| Aol E3Eo] o o4
5402 XY B LED® G LEDS &FFo= &
F7HsE Aotk w=aA] At AYER =AM
mel oA Aol o dAIE Tage] ATy
e B Adgamel fAg AoE duA ith

Table 29 &£34<S #A38tH A aMA=E EF
g & Qo & Fubd # 3 gke] ©450nm, 520nm<l
74-%-, @450nm, 660nmel 7~ (3520nm, 660nm<!

B

m

A

oo N 2o ©

-
o

-

Table 2 Peak wave length for each LED light

No. LED type Peak wave length(nm)
a R 660
b G 520

c B 450

d W 450 520

e R+ G 520 660
f R+ B 450 660
g G+B 450 520

h W + R 450 520 660
i W+ G 450 520

j W+ B 450 520

k W+R+ G 450 520 660
| W+G+B 450 520

m W+R+B 450 520 660
n R+G+B 450 520 660
0 W+R+G+B 450 520 660
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Table 3 Result of the cultivation test to the ginseng

(a) R,G,BW LED

(b) W LED (c) Solar

Fig. 14 Measuring height of quinoa for each case

Table 4 Result of the cultivation test to the quinoa

L R,G,BW W LED Solar
Date of cultivation

LED(mm) (mm) (mm)
Seeding 1 0 0 0
Replanting 2 39 41 30
7 day after 3 45 46 36
14 day after 4 58 48 41
21 day after 5 60 49 45
28 day after 6 63 51 48

S R,G,BW W LED Solar
Date of cultivation

LED(mm) (mm) (mm)

Seeding 1 0 0 0
Replanting 2 44 45 46
7 day after 3 90 92 90
14 day after 4 192 104 177
21 day after 5 280 140 280
28 day after 6 360 150 330
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