| % 49% & 18 H9/2022 &£ 9 B/ E ML

LED RIWKT &35 S PEMR I B P & i e vk

=1t p -2
R, FAE
VEIT TR EALR 2 S5 B TR, M EI 3610215
B RS B R 5 TR, i EIT 361021

E AT BE A AT BERE S A T AR AR R 1 1) R, A A 3 T — Rl LED B W B SR AT . AR
TR S LED WS BRI HES J7 35, SR 9 503k E A7 S0 3% I 4t L WF 9% 17 0638 0 A 0 2 500 5 SR A AR 95 ot 2 e
FEE UG 2 R B 1T T — 308 BB 5, R 85 W O 5 09 85 HH TR LED & H 064350 1k, Bk 4k i A R
B BETT AR & G T B OGERCR M A1 f 5% 14 1 W = & 3535 %% LED 4T 2k (B 525 LH351H 450 nm
LAA4B) F 70 i 1.6 W = & 3535 4106 LED TR (B 5 LH351H 660 nm V2 E7TW410)/E M AT 6 IR . 78 R ~F
7 380 mm X 220 mm FYFEYIAT H 44K 7 4T, AT 12 B LED, il 3 TracePro #8705 STy, [ H &5 REW,
Beob 5 OEF A 8: 10, £15% LED FligE % LED ¥4 HE 7 X Ay b3 35 20 M08 F 06 LED 295 w5 51 HE 3 7
KA oM. B HIVE LED AT ST E5 SR R, M B K N 22 mm, 58 R 16 mm. e K& R
6.68 mm, PN R AYJET BHAS N 6.26 mm, NEH N 2. 98 mm, 8 F MR E S 0.1 mm, 8 H %N 0,35 mm,

WA LED o0 1 1 By 25 mom 06 BT 09 50 90786 TR AT BT 0.5 m £ 500 mm X 500 mm £
M X L T L2500 Bt T B 91 CPPFD) B9 49 E 0 93. 120 0K 90 %6 AU HIY IR T L TR
SEIA R LED WA s 80 B 685 et b s el 7O R R S0 HE 5 JeorROR

FRESERS 0435 XEtRERL A

1 5] G

B LED R 7l B9 A W7 &% J& . LED T 1E % 2
B AL G WRAE A P 20 B R FH G IR . H Rl B¢
T W BE B 5 RG5O B T O3 BE A A X R
Wy K B ES L T 56 F LED A 90ET BR300 50 o A 4 52
Wi B TR Z WL A AR5 . B4~ LED B Zh 85
AN HOEA B AR 1 1 2 28 5 A B B A B A
Al S G RS LD G 35 A0 1 i FR R 0 B AT 21 3
ATE G IR e/ G TR SR R 22 TS SE B )
FEEA ) O 20 A P SR Y KT LED 6 IR B 51 %) HE 51
J5 RELIRANOE TR, BRI Ty AT LA S B TR
TE T A ¥ ) ARG R SR A 8 il HL G T 6%
YV RS RaE R . BN LED A AT AT
R E VATV I T PR AT A A = MR AT
HE A L IR 3 1 6 IR B A ol 85 96 5 Bk i A1 4 %
T —F A LED A AT HOB R T
i % B (PPFD) 4 A1 P 25 80 %4 5 8 14 b2 1 1
XF LED #9056 U5 i 22 MR kT 48 R % £F 3% 5% 1) 7 205K
BLT PPFD ¥1439% 8 90 % AH H 250 &2 4% HA 0%
REA R R 43 %05 Ik M &5E BT T —Fh PR 454

DOI: 10.3788/CJL202249.1805001

R 7SI 0 b AR 6 T 4, i ot 4 T 300 mm X
180 mm #E Wi - (4 JEEE 34151 Bl 90. 63 %0 . (RG24 5L
FAN 46. 9% 1 HPF4E 7 X o S BORE IR i A B 1)
W 6 U I S AT A AT IR 38 3 20 3 s 4 R AR R
T ZE YK IR B O TR 25 44 1 ST AR ARG IR R G
B F ] T2 T YR KR T B B 38 A N
92% & T MR EE AT A 83, 12 % (H & ML 4544
(I IAVE T AT 2B, HEr. K284 S LED YT
o) Pk B A Y 05 2k R IR T e LED B9 HE S 7 =L x)
LED JEU M 45 04 47 % 31 A ot 55 , 3 26 7 vk
ANBER U M4 = LED R AT 19 BB 35 A0 1 i HL 2%
RORWAEARS . VP UK A IR B OB AR I A7 45
PR R BT T — B IR SO % ROl il ek
BEE— A 45 v, W 2k SRt B SR R SR | AR
P27 b A N B U2 TIR i3 BE7E H 5 i (4 1
[ b T A AR 25 R L RS SE B 85 %0 L b i B 2R IR
JEBEX AT IO S A B BE B4, LA L A AR 45 R X T AR
i LED AT W5 B B A — S H M d [ HOk 2%
R AT B A

XTI B9 LED PG IR Y 5 B ot Ay
AT IR, AR A A B BT R T R A R T R

KB, 2021-11-24; 1B BEF: 2022-01-04; FHABHE: 2022-01-25
EE€WAB: 2019 FERELS P EFZITHEFIH (JAT190943)

BIE1EE . “Iplai78@163. com

1805001-1



R’

%49 % £ 18 #H1/2022 £ 9 B/ E M

2L LED BRI ROEIR AT U0 AL B3t i i X P A
[A] LED [ 51HE A 75 20T #9618 2 46 2 — PR 8 4 19Ot
T SEBL TG B X 20 s SR A et B8 R O B R P 5
R BE I S LED & H #9O6aE — 20 2 2], 8 ol
ZRRRE G FEIE , DT 22 5 O T A O 2 S8R ML 2
LS X 552 B A v B R T BRAR 0 2 2] BRI R it 2%

2 Wit R

LED f4) B8 WY 85 B B 45 40 A0 181 1 F 7 L iz 45 1
AL F WA i —— 8 g IR Al LED G IR AR

—

free-form surface -

scale surface
K1 H A R Y 45 M s B R

Fig. 1 Structure diagram of scale lens

@

LED
P 2l PP s 5 1 R o) A 0 1] ) T D' B P . ) 6 1) 5 TR DIG 3 141 5 (o) 4 1 1) 1T UG 14

Fig. 2 Light path diagrams of transverse and longitudinal sections of scale lens. (a) Light path diagram of transverse section;
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Fig. 3 Uniform illumination principle of scale lens
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Fig. 18 Physical drawing of LED plant lamp with lens
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Abstract

Objective Currently, the approaches to achieving uniform illumination largely involve adjusting the array arrangement of
light-emitting diode (LED) plant light sources, designing the structure of an LED light source board, and adding optical
features such as diffusion plate or free-form surface baseplate. These approaches cannot effectively enhance the uniform
illumination of LED plant light because the optical efficiency is not high, and it is not conducive to large-area lighting of
LED plant lamps. The red and blue LED array light sources widely used in plant manufacturing have been tuned to provide
spectral uniformity based on the aforementioned issues. The scale lens is then designed, and the light output by the LED
is uniform by employing the scale radian of the scale lens, which improves the optical efficiency and uniformity of the light
surface by increasing the light coupling degree. It has some practical utility and serves as a guide for consistent
illumination of large-area plants in practical engineering.

Methods First, 14 pieces of 1 W Samsung 3535, type LH351H 450 nm L4A4B blue LEDs and 70 pieces of 1.6 W
Samsung 3535, type LH351H 660 nm V2 E7W410 red LEDs were used as plant lamp light sources, divided into seven
rows with 12 LEDs in each row with a size of 380 mm X 220 mm of LED plant lamp; the ratio and way of arrangement of
the red and blue LEDs were studied. After comparing the spectra of two distinct LED array arrangement methods, the
nine-point method was used to measure the spectrum. Second, a scale lens was designed according to optical and
nonimaging optical principles. The scale radian of the scale lens ensures that the light output by the LED is uniform.
Then, to find the best scale lens size, the impacts of different bulge heights, scales width, and the spacing between two
LEDs center columns on photosynthetic photon flux density (PPFD) uniformity and optical efficiency were analyzed.
Finally, the results were verified by experiment.

Results and Discussions It is the first time that a scale lens has been applied to an LED plant lamp to improve the
illumination spectral uniformity and optical efficiency of the LED plant lamp. The homogeneous arrangement of red and
blue LEDs was used to evaluate the LED plant light source. The experimental spectrum with uniform arrangement of red
and blue LEDs in the LED plant light is essentially consistent with the theoretical simulation spectrum, and the spectral
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uniformity is good (Fig. 17). The scale lens was designed according to optical and nonimaging optical principles. By
comparing the effects of the width and convex height of the scale lens on the PPFD uniformity and optical efficiency of the
plant lamp, the optimized convex height H of the scale lens is 0.1 mm, the optimized scale width D is 0.35 mm, the
optimized center column spacing B between two LEDs is 25 mm, the ray-tracing simulation with the TracePro software
revealed that the light distribution curve of the whole LED plant lamp exhibits batwing light distribution. The experiment
and simulation were well-accorded (Fig. 19). The test results show that the scale lens module has a PPFD uniformity of
93.12% in the illumination area within 500 mm X 500 mm (Fig. 20), and optical efficiency of 90 % , which is higher than
the technical indexes reported in the references, thereby demonstrating the effectiveness of the scale lens.

Conclusions The software simulation demonstrates that when the photon number ratio of red light to blue light is 8:1,
and 14 pieces of 1 W Samsung 3535, type LH351H 450 nm L4A4B blue LEDs, and 70 pieces of 1.6 W Samsung 3535,
type LH351H 660 nm V2 E7W410 red LEDs are divided into seven rows with twelve LEDs in each row with a size of
380 mm X 220 mm of LED plant lamp, the spectral uniformity of uniform arrangement of red LED and blue LED is better
than that of uniform arrangement of blue LED in two columns. The experimental findings reveal that when the length of
the scale lens is 22 mm, the width is 16 mm, the maximum height is 6.68 mm, the diameter of the bottom surface of the
inner surface is 6.26 mm, the height is 2.98 mm, the height of the scale protrusion is 0.1 mm, the width of the scale is
0.35 mm, and the distance between the center columns of the two LEDs is 25 mm, the beam angle of the plant lamp is
90°, the receiving surface is 0.5 m away from the light-emitting surface of the plant lamp, and the 500 mm X 500 mm
plant illumination surface light source with PPFD uniformity of 93.12% and optical efficiency of 90% is obtained in the
illumination area.

Key words optical devices; LED plant lamp; scale lens; spectral uniformity; photosynthetic photon flux density
uniformity; optical efficiency
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