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Design of uniform illumination projector with high power LED

WU Reng-mao, TU Da-wei, HUANG Zhi-hua
(College of Mechatronics Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract: A uniform projection system with a single LED as light source was designed for the
purpose of the uniform illumination in a designated region. An optical system with refraction
and total internal reflection (TIR) was proposed according to the luminous characteristic of LED
and the law of energy conservation. The ordinary differential equations satisfying the spots on
the contour curve of TIR refractive and reflective planes were established. The coordinates of
points on profile curves were obtained by solving these ordinary differential equations using
Runge-Kutta method. The profile curves were acquired by curve fitting of the coordinate spots
with software UG, and then TIR model of the projector and data of the surface shape suitable
for NC manufacture were obtained. The TIR model of the projector was introduced into
Tracepro, and rays were traced. The results show that the illumination uniformity of the
illuminated region is better than 92. 6%, and the efficiency of the whole system is more than
91.8%.
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Fig. 2 Principle of projector
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Fig. 4 Design principle of totally reflecting

surface of projector

WMIGTRH O ST LR A R 0 B2 A ST B il
& EF i R &, @851 8 1E F U B ST 2) B A5 F 1 /Y
TR RIEEEFEERAT RS T AL .
2R EMNTFHMERFE L 00 T S FLE T,T,
BT S8tk

s a2
yt:JHg+LA[SIn (02]; sin?(0)] (12)
2

HREMLTHARE B, bt 8 T S T4
BOT, £ T GBIH TR A

s 2 a2
) = «/Hg | LALsin (0% sinf(@7
2

X 0 9 Ry G0 BE B 6 U8 A0 5 R 4R 0 fL AR
. T RATEREOT, £ 0T SN N

L \/LA[sinz(&) — sin?(0)]
yt - Ez

as
RYE T SN RIRREA « RN TEN



y, = —nsin(e) (15)
v 1 — n’sin?(w)

ik EF £ R S REOTRR N

dy  cos(¢) — cos(w)
dxr = sin(w) — sin(@) (16

H Vn?> — cos?(0

33 SEELEDM
www.ledth.com
AT SRS TS

dy _dy  d¢ B
MPp =g X oMy=H+Gh+d+z
H i
N tan(ﬁ))tan(@ Xt 0 RFIHLER A6 X, KB 2

6 WM TR

n®sin (@)

)
dx sin?(@)cos (0) tlhtdta—

.
tan(®~ cos2(f) /n? — cos’(@)

do cos(8) — ncos(w)

an

v n? — cos?(8)

nsin(w) — +/n?* — cos?(8)

K HRBEHWALIR: « BI7RA5 HR.H
P 77 PR W R BV IR AR AF R .0 = b5 = 205200
R, 5 BB A4  FI A Runge-Kutta SR A# 3% % 4 2>
JifE, BRI R R EF B — R

3 EHIEME S

YERBETHSLH] R 1 mm X 1 mm f LED
FAE R, el B 100 Im, BSRJETE H 562
B EE A S 5068 A B K I 30°, 15T A% B
FA B K R B WL 38 (pmma), 28 A.d. L 4y BB
8 mm,15 mm,2 000 mm,

HRAE AR50 K 5 BT A5 B 25 %8 S il 2k 9 R
FAUG #1T & UE - ARG 4 R4 5 il
KGO HE 1S B R Y = 4EREL, &5 BiZHk
SEOBHEAERST, EHSHEOERN
42 mm, &R 23 mm, FEHRG 80N ZERE S
A Tracepro, 3%t ith i i it G #E AT RLE L, B 6
=B RESAE.

42mm

Hs BEBRET
Fig.5 Cross section of projector
TESC B PF 28 FROBA T (9 BROBE 3 5 BE R 8 R R
#EANSI/NAPM IT7. 228 99 sk gk . Bk iR
BT 43 8 9 M R/ANESE R SETE , BB THR I & & T
B—MER R H.OHTIE K 9 A BRERE
BIEE R B A BB T R 3 E Y R 5 AR IR

cos(®)

Ul 25 - 339 SR BE (P - 349 B B2 Uk 2 de /N R BEAEDD »
S 4 BB AY LU (AR 8 R BA T A IR 3
BE. X T R R UL, o R 2 ] A6 2 A7 AR X
1R B, SR P 3450 BB X 3 /N R BE A5 B R IR
FEE fEL A4 U AR R AE 3950 R B DX 80 BR BE 3 59 B

Forizontal

EHe BHRTERESHHE

Fig. 6 Illuminance distribution on target plane
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Table 1 Uniformity of target plane at different distance

PEES //mm E../1x E../lx BEHSE/%

1 000 81. 00 87.75 92.3

2 000 20.52 22.16 92.6

3 000 9.21 9. 86 93.4

5 000 3. 34 3.54 94. 2

8 000 1. 34 1. 40 95.1
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