F 41 %% 3 . BN & A 4 2012 4 3 A
Vol41 No.3 Infrared and Laser Engineering Mar. 2012

B FAMEE g5 B AH & & LED & R 4Rig
kA 2 A RESES, P LK BV

(1. F A F 1% 855 F 4 FHIMA T, B &4 710119;2. P EAFEA R LK, &K 100049;
3. BEPHERELTFRAAREARAS, KRG X 710119)

B EMHEIOEELRNSRCGTAZ RETATREMMEPLRERG A EFTERBT &,
SHARA PRI AGRY, &R BAT L A S A RATAME RS LRR G RER

HEBFBAEALYG, AMELE THRAAKELBIAFP O, 1R3E Snell 42, A LB 5 Hmis 5,

& — ik RIFEE L S AN, sk R I £ R PAT KRR KA, & Tracepro A F e A hn 22 R A A s+

REFHAFBEHINHK T 8%, LAREZTHAERNGLED EAAEFPR AR A R H R

E,ZEMTHELED LR A TXEBRH,

*@iE. RS FE; HABYA; BdwdE; LED RAEHK

FESHES: 0434.19 XEiFER: A XEHE . 1007-2276(2012)03-0718-06

Design of freeform surface LED reflectors for uniform
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Abstract: According to the design principle of ideal light source, a method to obtain freeform surface
generatrix based on energy compensation and coordinate iteration was proposed. Freeform surface LED
reflectors for uniform illumination were designed. Firstly, the geometrical model of illumination system was
established in two-dimensional coordinate system, in order to get uniform illumination. The directly incident
energies were compensated by the reflected rays. Concretely, the rays were refected into the upper verge of
the reflector to the verge area of the target plane, and go down to the bottom of the reflector along with the
rays, approaching the middle of the target plane. Based on Snell equation and geometrical relation, choosing
the point on the top of freeform surface generator as the initial point, the coordinates of all points on the
freeform surface generator were obiained by iteration method, which could be rotated or extended into the
freeform surface. The simulations of the designed LED reflectors with Tracepro software show that the

illumination uniformity of either the circle or the square target plane is higher than 85%, and the energy
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efficiency which was affected only by the LED's émitting angle and the reflectivity of the reflector surface

can be high. These peculiarity enable LED light source to be applied in wide range lighting system.

Key words: non-imaging optics;

05 §

FEXSFEEAMBMITZMAMRE, KX
“HREQCED) EZH RAREE LT, S H U8
B, ENATFRET RS RERIOEY, &
REEBUAR BWHEZLFHA BEHEHLER
KEHKRZSA, BRBEBFFANREMUNBHBEE
Bk, XRMTEDEBSA, WRKREFENEF
REMnBMAEAENH, SHIFTHXEL WL N
BT BRI ERBMERER, RNEZER
KEEBAEMELEMARBERRAEOUE, §X
LED B — K283 vT A 20 &l LED S Bt
B EEAGAHERBERANER, ERT
IS RE S RN

LR E BT AT G0
=N IBIAT R E R 1y A R, T SE BB A R it
FEEEERM  ERBEMENEY, ERBBEEHLHRE
EHEEAN AEANTL  RAGERARKREMEESE
BDHEBRERBEEROA SN, WERKH L
& B A E B RS BT B BR M I T X
B R 7 . BB REC FOLTOLR S RIIE R
T, Eid R BY R 58 503 B 0 T R 42 i B AT A9 5E
F, RBHOMNEBEIBRELSS, ELENAR .
2001 £t ,H. Ries Al J. Muschaweck ERBEREFETH
BENAARYENXETLEAHTLRENTRSES
Snell EEtRAERKXFEL —M MM B, E
RESINBETHORANEaEEREN A diiE
R0, BRETREBRMBT FE, EXEEK
fAERK EAGEER B, R A E & B L
BEEEMAHME. FERENFR . RITTEA
FlE KF T HREH T LED BT BB M ES R 7 i
REEF, AR BBREHTHY, AW, BHRE
e REHAERMBRESSIERRERNEREELE
RO HRGHRBAARRATBRAFEEBLRER
Bt A E RN, HEHNAWE i mBEETH,
R IEHRTTA4 T T 5 5Bk P T A R KO B S S AR R
BEAREHER MIES BAKBRERSY, B

uniform illumination;

freeform surface; LED reflectors

G, BT o e R 6 AR 45 9 S B3 ) IR B BE I R B
o SCH ML B AT &, 4% LED SLIR4F 5 A B 4x
T BB EOR 4k R BT R S AR R A Snell E # , E T
BB AN AR ARG B iy il E R B B
AR, RITERTARBHG GRS, LRT
H bR I i 24 53 R B R R GE 45 M B TR T8 4L o

1 &it/EE

B R/ T B 5 83 5 R &
/NBE BB, AT LUK G IR BAR AL, 2R B B RT, SX R
KRB TERL” . M ER R SNARE, B XA
SBR_HRGERIT BN RE R P,
B FALABEMEOCE, AR RERIT T ENAR
BAET X T RHE B 0 F 2 BT E R E O
EHMREFHNESSEMER - ZFER, MEE
He FC 28 X BR B B 5% — J A R — 1 b X AR A AL,
FEEBRRIHP, T B H A RE R REG S,
& A ] SOL Rt AR AR ES . T H
WEAERE EEERKERNEASE, A%
S B AR AT UE N i BT, BB
RSN, RBeRB - X FEMBLZL, K
EARE RIS K R SR B AT . T A
G TR BAME AR AR A BB T

WA 1R, E AR R XZ P, B LED 6 IR
FREAL, BREALTERER Z 4, W LED
RS RBEROEH S RAE T, —Ha—REES
S8, 5 -RIRESE AT BT EHELH
MGek , LIRS R O : R=Hxtand . B ILTEAT & —
EHELT, TEIEH o AkEHEHALE. R
i, BT LED f 2 A 36 35 3 2 3 L8 B {5 5 46, B
i, EEAKERRE LR BER ¢ AZ R
K. HERERAEENRAHINEE,
i 1L B ST R84 B O R X L B R 4 B OB AT #b
o R EBH B REHAE N L% KK R F
BE HARM AN A%, FRFBAOAZUTHE
REEE O MR, HR LS E MW MHE KK
W, BRSO AT B AR E R | 8 0 % 3, LED &



720 4 sh b % K, T AR

% 41 %

K& A BN K AT ML R B A g S B B AR P
O BRI o 38 2 A b X D6 ER 7 1) 4R R, SE R SRR
Fext B AT IR LRE R AAME, WA LERY S HAE
BAARBEHYEAXEY B 1 AUEH , ST
R B G R HE, KR5S Eirm B
BRA%HFEE—ENRE, st AX BEHNKEN
T RSB IF s a2, (% BB RO 5 LR
MRS B RO B R 2 5, A T B .

AX ? Target plane
R

Vertical

Direct rays deviation angle

LED| : X

B 1 LED 5 K OGAR K B 45 10 H % 60 B K b4 40 A7 & 1 &
Fig.1 Sectional sketch map of the relative position of LED

reflector and target plane

ARERAEE2, WHATERENA
ﬁﬂiﬁﬁ&%%ﬁi}i%%%ﬁ%o
ERBFEEEE R MR H#E G, RIEHH
BEBGAG RS X BRMA a MBE :a=n/2 -
arctanR/H , W 7E 45 & ROCH S B h )5, B AT o 2 Rt
WO ro MREEXTFREE, 26 BUR SBARA M L 3h S TR A
FIRIHR A, SRR R TR A SRR A B
BpRZe i, R AR B, 5 B EH 7 1 9 4 1
a2k 6y, B 6,=¢d=arctanR/H , HRIFH & BEMAZ
FELR IR0, 5 BE O R BOGHR BER 4 N A, A

D | e :
B 2 LED t #1645 R AR MR FIK A B X R

Fig.2 Angle relationship between the emitting rays from LED and

the reflected rays by reflector

Az;=h/N(n=0,1,2--,N &R & 5 LT E0, B E
REFBLE L& E ZRERMEAD, HEHE EEH
MR R R B EREA 0, o« MB/NEFEE
/N BN, =0,-A0, A HRE A, AT 5 A
FRTE BbRmE A, Bl SEES S R f Ot EERME
WERSER, E2HHARANLARHREUATRE:

an=arctanz—" D
LT ia -

B =5 (T+(e,-6,)) )

AZ,, _ m_

Ax —tan(2 B,+a,) 3)
Zn+l =zn _Azn (4)
xn+l =‘xn _A'xn (5)

Xof B B W) 1R S 42

z,=h;x,=h/tanc, =h/tan("27—-¢) ;

6, = ¢p=arctan & 1+1—(ozo—0 )e

HP=7

HARMD~C)RMBEAHTRETRE, HE
REZBAAREOEHBHAB LMW — & BB
BN A B8R (xyn) o BT SR BT LA BN B
iy Bk, AR 3 BB B AR B e R s B,
HR AR]85 2 x4 R Ry B el il RO .

2 &It B S

WU EFE, 458 HFEXHBEREMIET
T 35 U B SUEAR .

MFHITHI0m, HE20m REHEHS R
B iy LED & 6HF , BR AR 15mm,

W BT ERATH, it RAHH a j%z 45°,
BREHFEMEA 6,8 45°, BB EF %, 3T
BB E&BIT :2,=15 mm;x,=15/tan45°=15 mm;
o, —¢-45°-B-45°o Bk AR KB R 1000, W EAR 25

KA Az, —OOlSmm Ax, ——————Az" =

tan(l—ﬁ ta,)

0.015
tan(g——Bn +a,)

mm , % £ AR AL H R 6, -95—_0 06°,

BUESHWARCH+HEEHNEFS, B3 A
B 2R I & S AR AR, % H 5 A Rhinoceros R 4 B L3K
Bl Am e, BEEAREMER I E 3 B









# 3 M

BXAF A TAEEGH S8 e & LED R £ &

723

[71

(8]

[91

(10]

(11]

illuminations [C]//SPIE, 2001, 4442: 43-50.

Ries H, Muschaweqk J. Tailored freeform optical surfaces
[J]. J Opt Soc Am A, 2002, 19(3): 590-595.

Ding Yi, Zheng Zhenrong, Gu Peifu. Freeform LED lens for
uniform illumination [J]. Opt Express, 2008, 16: 12958-12966.
Ding Yi, Gu Peifu: Freeform reflector for uniform illumination
[J). Acta Optics Sinca, 2007, 27(3): 540-544. (in Chinese)
TH HEHER. SAYSBAW A d @ HH0] 6%
FH#H, 2007, 27(3): 540-544.

Han Yanjun, Zhang Xianpeng, Feng Zexin et al. Variable-
separation three dimensional freeform nonimaging optical
system design based on target-to-source mapping and micro
belt surface construction[J]. Sciencepaper Online, 2010, 5(1):
35-40. (in Chinese)

HEE,KED, G0, F. ETHRSERELRSH
AMEEREWENTBEE-2abMEHERBREER
&I U] PEMEIBXEL, 2010, 5(1): 35-40.
Wang L, Qian K Y, Luo Y. Discontinuous free-form lens
design for prescribed irradiance [J). Applied Optics, 2007,
46(18): 3716-3723

[13]

[14]

[15]

[16]

Reflector design method of integrated high—power LED light
source (J]. Infrared and Laser Engineering, 2011, 40(7):
1282-1286. (in Chinese)

E¥, KR, 8K, % &l AR LED £ gO6IRK R 5
LT [J] L5 S5HOETH, 2011, 40 (7): 1282-1286.
Yang Yi, Qian Keyuvan, Luo Yi. A novel LED uniform
illuminance system based on nonimaging optics [J]. Optical
Technigue, 2007, 33(1): 110-115. (in Chinese)

BE, &7, FR. —FF YK ETERBEEFE LED
HABBEARE J1. BEHR, 2007, 33(1):110-115.

Jiang Jinbo, Sandy To, Lee W B, et al. Optical design of a
freeform TIR lens for LED streetlight [I]. Opties, 2009, 17
(3): 1-5.
Wang Wei. Study on the design method of uniform
illumination based on transmitted free-form surface theory
[D]. Hangzhou: Zhejiang University, 2006: 6—26. (in Chinese)
I8 ETEHA b OEANSIRARITIERR
[D]. B M: #7IL K%, 2006: 6-26.

BARBRITIRAE. GB 50034-2004 [S]. db&: FHAR

[12] Wang Hong, Zhang Xiaofan, Wang Haihong, et al. EMER B, 2004.
(L e v e |
SRR
ETZHABERNESAIEIES RKELREBHAR
B X, EHE A5G B
(REBEIXF FRAERABMHBRAELEREAEABR LT HEAEZERH TR T, X E 300384)
W OB TEE SRR LR ELF b 69 SBS 4 4 K RIS 4 6 MK KA & 7R

ARG RRAE, EHRKAB—H AEF . H RS FEEKSE, &H T — %A FBG # A
BAHEHEBRAESERF ENBALSRRE, A FAL A A EMFBG)HATRIME R, ARIFHEA
A Yl LB E R R FENRELRTHEAFIHEEARZ TR BB HRRENGR
RAK, BT AEMNESHBE, Z S A KEABEAT 1530~1560nm X 14 30nm T EE Gk,
AERLMNREESTHE 2mW. 980 nm R RIGEHE 60mW BT ,1540~1554nm B A, EZ T EKMERE
0.088nm # 16 A%k ¥ 9 41 ik ,



MRS £ b ITHLED AR (H2RRR

(= N5, g, skEEy, ML,  5K#%,  Yan Xingtao, Yang Jianfeng, Zhang Guoqi, Bu
@. Zhang Lei
1 FA F29%, DL, ik4, Yan Xingtao, Bu Fan, Zhang Lei ("1 [ERF B8 UG % A6 5 R 2 UARIEI T, BV VG 2

710119;  ERL2E BT A B, 6 5L100049) ,  #7dE, Yang Jianfeng (F FERF 5 04 22 56 285 ) Uit
FUHT, BEpi P22, 710119), 9K, Zhang Guoqi (P4 % h R 245 v R R B4 B A W), 205 14 22

, 710119)
W o4 5or TRlSTIC[EPKY]
Y4 Infrared and Laser Engineering
i, 0 2012, 41(3)

ARICEER: http://d. g. wanfangdata. com. cn/Periodical hwyjggc201203031. aspx



http://d.g.wanfangdata.com.cn/Periodical_hwyjggc201203031.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%97%ab%e5%85%b4%e6%b6%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e5%bb%ba%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%9b%bd%e7%90%a6%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8d%9c%e5%87%a1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e7%a3%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yan+Xingtao%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yang+Jianfeng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+Guoqi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Bu+Fan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Bu+Fan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+Lei%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e5%9b%bd%e7%a7%91%e5%ad%a6%e9%99%a2%e8%a5%bf%e5%ae%89%e5%85%89%e5%ad%a6%e7%b2%be%e5%af%86%e6%9c%ba%e6%a2%b0%e7%a0%94%e7%a9%b6%e6%89%80%2c%e9%99%95%e8%a5%bf%e8%a5%bf%e5%ae%89710119%3b%e4%b8%ad%e5%9b%bd%e7%a7%91%e5%ad%a6%e9%99%a2%e7%a0%94%e7%a9%b6%e7%94%9f%e9%99%a2%2c%e5%8c%97%e4%ba%ac100049%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e5%9b%bd%e7%a7%91%e5%ad%a6%e9%99%a2%e8%a5%bf%e5%ae%89%e5%85%89%e5%ad%a6%e7%b2%be%e5%af%86%e6%9c%ba%e6%a2%b0%e7%a0%94%e7%a9%b6%e6%89%80%2c%e9%99%95%e8%a5%bf%e8%a5%bf%e5%ae%89710119%3b%e4%b8%ad%e5%9b%bd%e7%a7%91%e5%ad%a6%e9%99%a2%e7%a0%94%e7%a9%b6%e7%94%9f%e9%99%a2%2c%e5%8c%97%e4%ba%ac100049%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e5%9b%bd%e7%a7%91%e5%ad%a6%e9%99%a2%e8%a5%bf%e5%ae%89%e5%85%89%e5%ad%a6%e7%b2%be%e5%af%86%e6%9c%ba%e6%a2%b0%e7%a0%94%e7%a9%b6%e6%89%80%2c%e9%99%95%e8%a5%bf%e8%a5%bf%e5%ae%89%2c710119%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e5%9b%bd%e7%a7%91%e5%ad%a6%e9%99%a2%e8%a5%bf%e5%ae%89%e5%85%89%e5%ad%a6%e7%b2%be%e5%af%86%e6%9c%ba%e6%a2%b0%e7%a0%94%e7%a9%b6%e6%89%80%2c%e9%99%95%e8%a5%bf%e8%a5%bf%e5%ae%89%2c710119%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e4%b8%ad%e7%a7%91%e9%ba%a6%e7%89%b9%e7%94%b5%e5%ad%90%e6%8a%80%e6%9c%af%e8%ae%be%e5%a4%87%e6%9c%89%e9%99%90%e5%85%ac%e5%8f%b8%2c%e9%99%95%e8%a5%bf%e8%a5%bf%e5%ae%89%2c710119%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e4%b8%ad%e7%a7%91%e9%ba%a6%e7%89%b9%e7%94%b5%e5%ad%90%e6%8a%80%e6%9c%af%e8%ae%be%e5%a4%87%e6%9c%89%e9%99%90%e5%85%ac%e5%8f%b8%2c%e9%99%95%e8%a5%bf%e8%a5%bf%e5%ae%89%2c710119%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-hwyjggc.aspx
http://c.g.wanfangdata.com.cn/periodical-hwyjggc.aspx
http://d.g.wanfangdata.com.cn/Periodical_hwyjggc201203031.aspx

