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A1 —1.663. A H- a2 58 2 3R ' B A9 8 i B & 20 A 4
K 2B 85 R R ,990 W fE S & A E4E N 1.7 cm
RN T Brogc AR St s NS 1 U ) 2 B BT
JEBEEL R A UEA BN 2 mm BUEFLRE N 0.22 1956
£ I A O6 RE R T AR 4 B R e B9 G RE A R N
1.3% , ok 2 5.2 00 BT e hn 22K .

1.72
Incoherent
124 irradiance /
0.86 (W - em™)
402.4
0.43 362.2
322.0
0 281.7
241.5
~0.43 201.2
161.0
—~0.86 120.7
80.5
~1.29 40.2
0

1.72
-1.72-1.29-086-043 0 043 0.86 1.29 1.72
x /cm

2 2 JOEBE YT RE o3 A

Fig. 2 Cross section energy distribution of focus spot
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Fig. 3 Structural diagram of Fresnel lens concentrating system
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Fig. 4 Structural diagram of beam homogenizer
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Fig. 5 Structural diagram of total reflection collimator

Hh A B 2H RE A B3 2 Y 2R I 4R B R
E— 2 VR4 DA A S S o A £ S O TR A A ROt
PERGE, HOE AR R ARG HELEF A, NI, P 4k
75 5 A AR BB 5 TP B S S B O R b AT 2 80
Tho U PRIIE R GEA5 AT Al RE TR B, v 4K 3 Ba 21 9
235 B8 2 A
23 FEBEERARZHNSHILIT

T I 55 45 5 A UCER R RO R LR L REA TR

JRURTRE 5, PR G455 A 28 1R AR B 200 HL A 55 10 Y E R )
2 IF H B Z RIZUE S BOR S . B IER 50
B R s R N RERE G = RS SRE HA S K
P (' SR B R %) BB S 4 R AR o A S UE LA Y
S8 TR ABRURT & B S ' £ R g T T AR A AL AR B
R AR I 5 & Ak B Y 4k E BT 4 ok B
AiE e A R, Wik, 2 5 M 8 S50
TEAR S, 2SR o B3R AR B B OB RE R R L IF
L B2 5 04 6 R B R AT BB/ X AR R
it HH 5 6 AR 28 v 4k 0B B A 2 BT 5O EF R AR
Ao TRV o L8 50T 3 Bt B o 11 4% 3k B 4
B AR A K | Ak A B e

8 ol S SR Y 0 i e B R = RN E |0
SRR TR B . BT, RN EiE
A1 LED St A A8 08 40 5 A R b G B A4 A
P, T A 508 il AR, AT BROL R E W T R
WE o X A JE U A O AR R Y 2 RO
DU T T 1 AN TR) RIS 2 55000 4 B 0 v 4 %) v LR
PLEOGREFI I B % R RGN IR TR 2, e 240 2 4
25 S A AR K 6 mm, 5 142 20 mm,
M A S O R R A o 9%, B RE R T R N
36.4%0 o ML R Ak A RS HE B 10 S5 4 S 8 DL R
HMERE , 7 ZEMAX B o o o T # o8 7 2R R 5 2L
oAk, IF LA A a0 &R 48 Hoh 2% 14 2 Btk 17
wit.

PR Sk TC 1 L A A 4 s S o LA T T T S Bk A T
A KA R E ZEMAX P R 54 %
SR T AR AR R AN T e 25 LY B A A T R O A
(CPC)HEAT 2D e iy AL B 5 4 S S vfE L #8 AH
b, CPC H A7 Jid i X FR 14 5 534 0 1T, 465 4 13 2R, HL XS
A SR BA SR N G LRI BCR . B CPC A
RPN B AR S R W e B R S kA G
B — 8 IR EREESEAOCR SRR EY
Ji W f o0 237, AT A A ) 4 v LA O R A
B AR AR H AR, 78 ZEMAX 80 3 510 4 R % CPC i
T 45 ¥ S B 1T Ak, Fe R A AS B LR e Y RE )
CPC ##4F , fiAbJ5 19 CPC A B3 F142 4 6 mm , H 5t S

0708011-3



FHIE I8 3L

®50% £ 7H/2023F 4 B/H0E#N:

1424 26 mm, JF 2 A8 127, KB 39 mm, i i 6
2k 36 95 5 B 6 R 22 0 CPC Y 85 19 & L A8 s
L1°, FEACIR B 7 F o 5 1 4 S ST 4 5 28 77 o ) oM
BERCR BB a5 6 fr s . R4 CPC IR IE 1)
SR S80S R S A 4 B e AR A T X ) (H X L
FE R AR RN 05 B A B S B 0 1L A
NSNS LR e S T

5cm

K6 CPCOLLBILE
Fig. 6 Light simulation diagram of CPC
XF A1 FEAT S5 S BT, i T A0 R
Uit A1 CPC A i ELAEAE B L,=0 mm, T 9284
F 6] B e R AR G, 23 6 B AT RS e 2
CPC A g M AR DL BC o [a) if AR I 151 2 Fir 78 19 R 1 A2 S
T8 H 0% 58 25 BOLBERY RE e 23 18] BE 0 A, w] JHR
Ay Be AR T G BE O IR DRI o A R A I
RSO 4 mm>X 4 mm, H JE % 53 Bt R B9 2 R

A (D) BB 56K R 40 mm.,

rp 4 35 BT A1 Y BT A0 ET BT IR, FTAR 3R CPC I o
A2 IR B B LA R G 2F o i T B AR FLEE LA,
F BG4 15 3680 6 R AT Ak . % e 30 E
i SO AL X SR R A L LR A R IR R R
AR R AT AR AS M A T4 9 mm | 45 1 4y
S8 12 mm AT 20 mm A9 B35 BT 6% 48 77 A R 2 80K
A I S e R G (1 B w7 R D A e 0B
G L BN P 7 TR, AL PR B B 2 T IO A
B 5 mm, 5 T B 5 O GET SR T2 A BE B 3 mm

R lens 1 lens 2
10 mm
B
22/12/: Zemax
Zemax OpticStudio 19.4
QL. 20
129811
7 ks B 2D A )

Fig. 7 Light simulation diagram of relay lens group
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Table 1 Parameters of Fresnel lens concentrating system
Device Parameter Value Distance
Diameter 1100 mm
Fresnel lens
Focal length 1300 mm
L,=—1300 mm
) Cross-section dimension 4 mm X4 mm
Beam homogenizer

Length 40 mm

L,—0 mm
Diameter of incident surface 6 mm
CPC Diameter of outlet surface 26 mm
Length 39 mm

L,—13 mm
Diameter of lens 1 9 mm
Focal length of lens 1 12 mm

Relay lens group L,=5mm
Diameter of lens 2 9 mm
Focal length of lens 2 20 mm

. . L.-—3 mm
) Diameter of receiving surface 2 mm

Fiber bundle )
Numerical aperture 0.22
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Fig. 8 Light simulation diagrams of Fresnel lens concentrating system. (a) Overall system; (b) rear group system
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Fig. 9 Devices of Fresnel lens concentrating system principle experiment. (a) Fresnel lens; (b) beam homogenizer; (c) total reflection

collimator; (d)(e) rear group system fixed with 3D printed lens tube
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Abstract

Objective

To meet the requirements for using an optical fiber spectrometer to detect weak signals over long distances and across a

wide spectrum, and considering the sensitivity of the spectrometer, a large aperture optical system is needed so that sufficient optical
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signals can be obtained. In addition, the aperture of the receiving surface of the optical fiber bundle is small, making it difficult for the
lens to match the numerical aperture of the optical fiber bundle. Therefore, the focal spot size and convergence angle should be as
small as possible to efficiently couple optical signals into the optical fiber bundle and improve energy utilization efficiency. The
traditional design of an optical system based on imaging optics increases the weight and volume of the system, ultimately affecting the
overall performance of system. Therefore, determining the size of the spot and angle of beam convergence is crucial for improving the
system’s light energy utilization efficiency.

Methods A large aperture Fresnel lens condensing system is designed based on a hybrid design method of imaging and non-imaging
optics. The system consists of a 1.1-m-diameter Fresnel lens, a beam homogenizer, a total reflection collimator, and a relay lens
group. The receiving surface is a fiber bundle with a diameter of 2 mm and a numerical aperture of 0.22. The problem of traditional
large aperture lenses’ large volume and weight is solved using large aperture Fresnel lenses. To achieve uniform energy distribution
and reduce the convergence angle of the light bundle, the rear group of non-imaging optical elements, composed of a beam
homogenizer and a total reflection collimator, are designed to reduce the spherical and chromatic aberrations of large aperture Fresnel
lenses. The relay lens group also controls the beam divergence angle and spot size, allowing the optical signal to be efficiently coupled
into the optical fiber and improving the light energy utilization efficiency of the system.

Results and Discussions First, a large aperture Fresnel lens condensing system based on imaging and non-imaging optics 1s
designed (Fig. 2). Subsequently, the optical device is modeled and designed using the ZEMAX software, and the overall parameters
of the condensing system are achieved (Table 1). The optical system model is established in ZEMAX software to verifly the focusing
performance of the Fresnel lens condensing system, and simulation results are obtained (Fig. 8). The light energy utilization efficiency
of the condensing system is 6.5% according to ray tracing, and the light energy utilization efficiency of the condensing system with a
rear group is five times that of the system without a rear group. In addition, the experimental system is built based on the condensing
system’s design results (Fig. 9). The experimental light energy utilization efficiency of the condensing system is 3.8% , which is lower
than the simulation results. This is because the experimental device parameters and spectral power distribution of the light source are
inconsistent with the theoretical simulation. In contrast, the light energy utilization efficiency of the Fresnel lens condensing system
without the rear group is only 1.8%. The simulation and experimental results indicate that the rear group system based on the hybrid
design method of imaging and non-imaging optics can effectively improve the light energy utilization efficiency of the Fresnel lens
condensing system.

Conclusions In this study, based on the hybrid theory of imaging and non-imaging optics, the large aperture Fresnel lens
condensing system is examined, and the design scheme of the rear group system composed of a beam homogenizer, total reflection
collimator, and relay lens group is devised. Through the simulation and optimization by ZEMAX software, a theoretical light energy
utilization efficiency of 6.5% is obtained for the system. The experimental system is built based on the design results. The light energy
utilization efficiency of the Fresnel lens condensing system with the rear group is 3.8% , which is 2.1 times that of the system without
the rear group. Given that the experimental device parameters are not completely consistent with the theoretical simulation
parameters, the experimental result i1s essentially reasonable. The theoretical simulation and experimental test prove that the rear
group can reduce the influence of aberration, and control the spot size and the convergence angle. The hybrid design method efficiently
couples the optical signal into the optical fiber bundle, allowing for the detection of weak signals over long distances and across a wide

spectrum.

Key words remote sensing; optical design; concentrating system; large aperture Fresnel lens; non-imaging optical theory; light

energy utilization efficiency
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