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Abstract

We designed the illumination optical system to use Fresnel lens which is the most
general type of large aperture system. The normal construction of Fresnel lens is a
thin molded piece of material, usually some kind of plastic, with one side flat and the
other comprising a series of concentric segments each angled in a way to provide for
optimum focusing for a pair of conjugate points. The 155 mm Marine Signal Lantern
is the approved for use on buoys and a maximum omnidirectional range of 8 nmi can
be obtained with standard 12V equipment, respectively. Finally, Fresnel lens with 155
mm diameter was designed and evaluated. Also, we re-designed groove "out” of
Fresnel lens and compared results of groove "in” type with groove "out” type.
According to the results, Fresnel lens is obtained best optical results when grooved
side faces the longer conjugate.
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1. A &

71&o] BEFLAZA olEHo & AL I=2Y ZTIFAH B WAL, FHL ol&F
Aol Yooy, HZoe A B8 Ao dd B0 EolNHA, 23 A
38 247 BAE T80 HojY FUo A=2E B} T FFAAI E Ao
g AZtE A, Bg dgd 715E iR FEAKE AYREA AFEY) diEY FES
2a gt RE dgos de AR & 4 A F8A9 712F < Fresnel lense
ERAE 7MA3, A4S FH7IE FAHIE FEA F IZRF HIJEdE 155 mm
Fresnel lens& A Algol gl HH HAG ¥, 23E& 7222 grooved YAE ut
Uz & AAA 3, 1 e v - B4

2 Q4 Ho st
d 9FS vAA
?%71 o 7o, Fresnel lenst 183t Xﬂi«l -rl‘lE HAisstn, 23 54L& 2d=2 &
g £ AEE AZE Aolth. GrooveE-L plane surfaced] A9 H &3}, edge® &5
2 ANt tBzA FH Y.

Fig. 1. Fresnel lens.

Fresnel lenst Fig. 13 Zo] xZhd el :r"
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=9 Hejolrt. AZE AuE FHZo FF AFAE Fo2H oW H3te HA 3
o] A&HA, F RN ZE A&o] BAVHE YodlA & Fig. 294 HRo] ¥

w7 2 d=8 234N B2 42z wFe] Agurt He e FeA Jdd
£ A e Rog o & Yk F, o] 2L o8 7A 7]L7d & R
grooveZ A E 1, plano convex thick lens¥ ¥ ©1# & lensEL F7A7F F4 Y9 ring
224 curved faced] WM& Yozloezy #Adrh Ringd &2 @739 AFA =&
zobg, oW, A= AA FAE AHAP.

'R\
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@ (b)

Fig. 2. Spherical lens(a) and conventional plane lens(b).

Fresnel lens: 38 AA, 28A=, groove A4 L 71&7], surfaced] el 59 &
A2 Ex YA 33 HEAL 7EFHE FaA & By olyy, ALz = B
A godo) uls] FHEst molop @vd £33 TR HFA AP M EAIE gloiok
sk AL gyt A=A FY3A FAE zoned & ZF FeHoz FA
HEe 242, 15 FALFE QS 3, F3A9 field angledl o3 =HW
Aol Aol A71E AAse 8QozA, Yol &ae] glo] AAHAA RuEe d8E
=2 dAFHolok F} Groove T L 71&71E F3Fe] &40] Qo] BAANN =4
o] dojUxE 7|5tgtAQd FZd o3 AAH AR HrE AYse 2deE Fd
A UeE 3 HAAJ 2% Ao =gdR Rz, wal F5, AY T o3 &4
o] 1€ & Uth o FolA AAUNME wkalo] 23 E£Ao] F LY AAZA FFA
o] B3 g g Aoz For

sin’(g,—¢;) _tan’(¢ —4y) sin®(¢3— @) _ _tan*(d3— 4y
T=I1- ZSiIlz(q;ll'*";z) B Ztanz(ill'*'qf;z) Ix1= ZSinz((q:a'l‘g;) - Ztanz((q;::s""l:;i)] W

¢y 0 719k BA BABAA A, ¢y 0 TV A BAWANY 2HH
¢y 2AR F719 AABAA Az, ¢, 0 BAF TS AARANY 2HG
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Fig. 3. Loss of light by reflection at interface.

Fresnel lens AA ol glo] AL 2} ringe] F& F4Hol FHFAE AAS)] 93 F
Ho2RE At £& me Aidgde Aotk 1A F£4& AA, BE 25 3
Aol 22 Hell A3 PI=F FUeA Z 959 FAE Aol F). Fresnel lens
9o A&l Ao o3& Z+ v W visible imaged FAE HIANZA £k oz
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Fig. 4b).dAE FZo FyF FAo) ddl F7H F37 SR E=vhe As ¢
F . 27U 371 AAY A dFAFHog A5 FF &£49 i =
FeHE AUYE &49 ¥39Q thinness 2TE T 7% aperture AL2HOZ UFEOLEA

g we Y5& 7hAE Fresnel lens?t 7b58A 24°.

(a) (b)

Fig. 4. (a) Spherical lens and (b) Aspherical lens.

Yutx o2 Fresnel lens® FHWE 33 groove’t Iz, 2L & plano side’}
JE A4S FZ dFAT Fresnel lensE A F 71A 3$2 34T 4 Qo o F
7tA A oA ™G Fresnel lense S3& AAAE step THAAE B3 (@), &
zo) AgHE B2 Frd gFd FEEMm), 2FAUEA), lensd FAWM), 2 vt
Ao 2 step E(w), o] A 7HA W) o3& grooved 71€7] o7t ARG
F A,

Groove "out"2 B PHE 3| groove’t P, ¥ & I3 plano side’t Y& BFE
A, olmolEs %ZE WA Fdo| £2FH t dojdtl Groove "in" WUl FF2A,
B2e o YA APst= P PHlo th3 plano sidedl A 2do] HFH dojuA &
=

9 F 1A AL /A & Ao, groove "in” S, dWERQ wpg FH U
groove7} 7 EE groove "out” WZKT} plano surfaced] thall X ¢ L =&
o]tk Ao|th. tdtd, plano surfacest ol Z=7t AdH oz A= wgEs
g3 27 fFoll, o™ A= A HL warpagelt tilt, BE FFo) FYPF FAo F
2 olge FMz A= FEW Alol9 ZEA HAAHoZ uf & olgdE FEIA B
t}. o] AL groove "in" WZ7t HE& ZHdolet F/#2 groove "out” FZEo| tis] A
2 02 collection £&° #AE FE3A At
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Fig. 5. (a) groove "in” and (b) groove "out”.

3. 44 2 &4

338 5979 WZR Fresnel Lens& AT AL 848 AFoAN L3 LS
4n steradian WFo 2 FYF YWIE /A1 FANF 4T AFAIEE 7] Agelg”.

155 mm 248 5%7]8 Fresnel Lens& #43 A3 F& 774 4% 875 mm, 3% 76
mmol] F4A segment®E 7|Fo2 dd 7z}t 17, 16 719 segmentZ FAIEHO Yo 2zt sag9)
Zdole 3 mmEA AT &S /A vk 993 FEE truncated right circular cone2 2
A W& cylindrical Hejolx, 9% surface: cylindrical Fresnel Lens®l 95 ¥ HI2XA cone
A Fdo] AXNEE Ho| Yt AA AIYLZAE 15 mm AFY T4 AF§ A7}
AR5 A s BFLO| 156/2=775 mm7t Hojof 319, AL49 33 AL PColt}. 99
base curvatureS ¢, W 2% B3t @ power HFN 2R LH o] FAARY,

k= ky+ ky— dl ke by

AANA, ky=c(n—1), kr=c(1—n)olx, 2¥AF f=1/kol2, ¥23 Az (Back
Focal Length) &, 399 XA Fresnel coned R WA W7z Az BFL

—(1- 2 @/kz A% 9B B AL PC (11589690, 4-560nm)l thskel o, ©

FHRY the o] FojAth

S
a=ln="0" 07 > 0w @

Z, 4 Q2HH »=-4569 mmE A& F Y}
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Fig. 6& $1olA A&d AA AlSS ze gubzel v FA 9 FHhoex 1
oA & & X0l gut FHAz dAAGE FEA F97t F 100 mm FAE
E g8 A= FHE HsA o). Fig. 72 Fresnel Lens® F 7}x] @] F, groove
"out"?] 7 $-2A yz-gHe FAEE Jehlln ok 2@AA BXo], & sag W& %
% Pe| Fresnel LensZ2 #§22ZM 7 mme] FAZE 2 F&A9 Hs& FA8A &
t}. Fig. 88 E7& A4S ZHE groove "in"el HEl2 AAAGF Aol

gutd oz u|FA B3tA AAAGE conic constant$} B TH AFE UFE FIL H
H3te g3t} 71E9) groove "in"9 %S B4 B9, Fig. 9(a)= Fresnel €9 3
Az FAYNS o 29 P9 X HPsE FHAAS spot diagramO 2 A
RMS(root mean square) spot 3224 ¢ 084 mm ol BE Fdo] EXFE &
F 2t} AL HAL AT EA¢ YIAHE F 04~06 mm$} ¥°] 7~93 mm7t F
B3} cover®E Folth. 28} groove "in"¢ A$-E BH, Fig. 9b)lA 2%l 7 mm¢
AL 2 FA9 Aol FE3) FAHALAE B735 32, +HFLA7} groove "out”
o] ARt A JEwa, o] Agde dze FAdE A wAI}A &7 Wi
7 mmz 2R HHE stk =3 FA) £ X E BA H9, groove "out’ 7%
v TYsA £¥3tE= WA groove "in"e A& backcutF-EolA R AREAIL Ao
UA Fdo] FUsA EXHA Ran &A4HE REo] AZth wEtA, groove "in"9

S Ao adr T2 JTS YA REdE A& ¢ F AN

13:45:13

30.86 MM

Scale:  0.81 16-Oct-01

Fig. 6. 155 mm conventional aspherical Lens.
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Scale: 0.90 14-Nov-01
Fig. 7. Groove "out” of 155 mm Fresnel Lens.
=
=
=
26.60 MM
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Fig. 8. Groove “in” of 155 mm Fresnel Lens.
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Fig. 9. Spot diagram of 155 mm Fresnel Lens’s groove "out”(a) and groove "in"(b).

4. 4 &

B =FdA =9399 Fresnel Lens® EA3 44 A7 5SS sty 155
mm A& S 7)o A& ¥ Fresnel LensE 243l Z44+& A A3
155 mm Fresnel Lenst optical plastic & PCE& AH38l9 1, conic constant$} H}T-H
ATE AFE 3 Mg Pt EIF EFLE ALFS 7HA L groove "in"e] FH
2 QARG 2 A9 £ Agez2 MAAE groove "in"Y F$e FHE JER
o1} backcut F-#olAe] Ul Huate 943‘ o] &4 wFo Fdo EXJ EFLL3
o FgA o 1 ool BoAdes AL FAATh

kA A o] B A ’5‘53}9\‘1%01, Fresnel Lens® 3§ conjugate Zg 3
grooved surfaceZ7t & Aol o U 33 A5 g 4 & Ade AL FUAsgd
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