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Design of Optical Zoom System for Space Link Simulator
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Abstract To achieve the laboratory performance test to laser communication system terminal, an optical
method to simulate the laser transmission in different distances is required to use in the laboratory. In this
paper, the primary design index of a link attenuation system is extracted according to the parameters of the
front Fourier— transform lens. This paper cleverly makes use of the thoughts of optical enlargement and
cascaded zoom system according to the index. The simulation to space links with variable distances is realized.
A simulator system which can realize 3~10 times continuous zooming of a single—stage is designed, optimized by
using ZEMAX, and the zoom curve of a single—stage is drawn. The structure of single—stage system with length
of 309 mm is compact. The wavefront aberration of the whole field is better than 0.05 A . The energy of light is
concentrated. Through theoretical analysis, four cascaded design can achieve equivalent transmission distance
of 10°~10° km, so as to satisfy the detection requirements for most of the laser communication terminals.
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Fig.1 Principles of space link simulator. (a) Actual transmission in space; (b) simulation of transmission
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Table 1 Design parameters

Parameter Value
Wavelength/nm 800.1064 .1550
Single—stage objective laser power 2W
Object plane size 0.4~25 mm (divergence angle 20 prad ~1 mrad)
Object space aperture 50 pm —1 mm
Object space NA 0.025
Single—stage magnification 3~10 times
Single—stage transmittance >0.9 (0.8~1.6 pum)
Single—stage wavefront aberration of centroid <0.05 A
Four-stage wavefront aberration of centroid <0.1A
Four-stage magnification 81~10000 times
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Fig.2 Zoom systems. (a) 3 times; (b) 6.5 times; (c) 10 times
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Fig.3 Zoom paths of the system
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Table 2 Relationship between magnification and wavefront aberration of centroid

Magnification 3 6.5 10
Wavefront aberration of centroid 0.0213 A 0.0200 A 0.0164 A
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Table 3 Tolerances of zoom system

Radius /Fringes 2
Thickness /mm 0.035
Surface decenter /mm 0.035
Surface tilt /(°) 0.03
Element decenter /mm 0.035
Element tilt /(°) 0.03
Index 0.004
Abbe /% 0.4
S+A Irreg /fringe 0.75

102202- 4



51, 102202(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

A G LB ALY I PR BT 51 AR AT AL ALAR /N, 2958 0.01 A o in T Hp gl AR 42 1 i J5 1
¢ 22 A5 AT R A I B I 2 1] 1Y 2 R I 0 R A A R B, R T I R T 5 A O i R 22 R R AT AR 1Y L
AR R R AP B2 . e RGP R B AE S B B ST AR PR 2E o M o THE N (3) U (4)5X
Fios b R s A i T A R 2E B ML W BE LR 22, T B T AR IR 22 (o) eI (B)3X
JR,

o.=20, 3
=(n-1o,, €]

o= [0l v = J Qo)+ Yl - or, ®

S5 A BLAT N TKOF R e R w2 BRI i TR AR 228 o, = A /60, L 64 iE B 12 K5 A
%158 25 09 0.0387 A, Af UL TR DR B SE DG F R G IR 2 FEIRE

N b A3 B g R () HE AT IR 15 25 AE A AR RN A B 43 03 O 0.0462 A F10.0497 A /N T
0.05 A, 1M FLINZ& 3 il LU ) R G0/ 22 WRE WS TG /2 24 (M AILBI AR IR A

P 4 Ry 78 £ R G500 BIAE 345, 6.5 4% A1 10 A% K R /Y LA g f 40 A i 28 o X 3 i £& 161 36 I 1% &R Ge 7
¢ 0.5 mm FZ U F AR I, BB H 48 Y BE 34 KT 90% , 1 /2 20K .

@.0000, 1.0000 MM
0.0002, @.0000 MM @.7000, ©.0000 MM
.0000, ©.7000 MM 1.0000, @.0002 MM

e

050 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500

GEOMETRIC ENCIRCLED ENERGY GEOMETRIC ENCIRCLED ENERGY

0-51

,\
&

0.0002, |.0000 MM
0208, @.0000 MM 0.7002, @.0000 MM
0.0008, @.7000 MM 1.0002, @.0000 MM

| —— Al

oMWk NXLO
PIOOIL O OISO
oMWk NXLO
— T

Fraction of enclosed energy
coocococococoom
Fraction of enclosed energy =
~—~

.000a, ©.0000 MM 0.7008, @.0000 MM

(C) ©.0000, 1.0000 MM
0.0000. 0.7000 MM ‘ 1.0000, 0.0000 MM

Fraction of enclosed energy
COOOO0OOOO
O—NMWARIIHNDOO

0 50 100 150 200 250 300 350 400 450 500
K4 St e RGILAMRE R 2L . (a) 34%; (b) 6.64%; (c) 1014
Fig.4 Curves of optical energy distribution. (a) 3 times; (b) 6.5 times; (c¢) 10 times
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Fig.5 Four cascaded optical system
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