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Effect of Thermally Induced Gradient Index on Imaging Quality of
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Abstract: During the ascent of the airborne camera, due to the temperature drop and the thermal
conductivity of the material of each part of the lens, the lens portion can have a temperature gradient,
which causes the aspherical optical system to produce a gradient index. Using the finite element analysis
software to perform transient thermal analysis on the lens part to simulate the temperature change during
the ascent of the airborne camera, the finite element analysis of the temperature distribution results of
different time nodes was introduced into the prepared refractive index gradient coefficient fitting program,
and the solution was solved. The gradient index coefficient established the optical system model in the
optical software through the mirror type interface, and use the speckle radius of the dot-column diagram
to evaluate the influence of the image quality on the gradient index of the different time nodes. The results
show that the temperature gradient of the airborne camera is the highest when it is lifted into the working
height, and the influence on the imaging quality is also the most serious. The gradient refractive index

coefficient decreases with the decrease of the temperature gradient coefficient, and the imaging quality is
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improved, which has guiding significance for the optical system design.

Key words: Gradient index; Temperature gradient; Transient thermal analysis; Aspheric optical system;
Nonlinear fitting; Imaging quality
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Fig.1 Three-dimensional structure of the airborne camera
1
Tablel Material thermal properties
. Conductivity/ Young's Density/ Specific heat/ Poisson's o
Material B B . B B . Expansion/C
(Wem ' «K") modulus/MPa (t* mm *) (MJ -t ' «K™ ratio
Aluminum 217.7 6.9X10" 2.70X107° 8.88 X107 0.33 2.40X107°
H-ZBAF50 0.67 8.6 10" 3.77X107° 5.4X10° 0.279 9.00X 10"
H-F13 0.96 8.4 10" 2.69 <1077 8.08 X 10° 0.231 9.90X10°°¢
H-ZK6 0.83 8.3 10" 3.54X107° 6.9<10° 0.267 7.90x10°°¢
H-ZK20 1.02 7.7X10* 3.66X107° 7.6X10° 0.271 9.00X10°°
F2 0.883 5.7 X 10" 3.50X107° 8.58 X 10° 0.221 1.20X107°
2.2
1 km, 3~5m/s, 900 s ,
20°C,1 km 12.5%C. s
79 536 , s , 2
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Fig.2 Finite element mesh model of the lens barrel
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b b b
b .
Contour plot Contour plot
Grid temperature(temperatures) Grid temperature(temperatures)
15.74 1323
[15.64 !—13-20 TG, o
1534 MUY Y\
| B Thp AEe AN
—15.34 =—13.12
Li524 —ne A& TN PR
1514 —hr o D
5 O
14.94 13.01 - ‘
= 1454 po  EE I W
N s Nou: W S
Max=15.74 Max=13.23 o 1
Grids 4433 Grids 4433 L TR
Min=14.84 Min=12.99 Y ] —y
Grids 95831 Grids 95827 -
T -
3 4 10 min
Fig.3 Lens temperature distribution at the Fig.4 Lens temperature distribution at 10 min
beginning of operation
Contour plot Contour plot
Grid temperature( Temperatures) Grid temperature(iemperatures)
._!2_55 ?12.53
P 12.53
=i2.65 prm— s P T A
A o —ny AR el
Py g way | =
F1264 o s wa L e
§ 1263 FeT W —i2s3 AN AN
19 &n F LTS W =—12.53 p
Tie Eesm= 1 ) TN R
= i IR L
FRE [ . — 2 I R PR
| I (IR 12.52
o | EEE Lt W
17 60 [ T §F | “-1252
i U — Noresut W N Y
No resuit \.— J ¥y Max=12.53 ‘
Max=12.63 N e — o Y Y
Grids 4433 A7 ey vy M'I‘mg]ﬁzﬁgi
ids T 25 G 42| w
Giids 95826 —_— Grids 95826 QU

6 30 min

Fig.6 Lens temperature distribution at 30 min

5 20 min

Fig.5 Lens temperature distribution at 20 min
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Fig.7 Lens temperature distribution at 40 min
, s
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s
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s
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Table 2 Gradient index coefficient at the beginning of work
No. no N n., ny, ny, ne, n.,
1 1.658 44 5.22X10° 7 —3.562X10° 7 1.58X10 " 3.43X10°° 5.09X 1077 3.44 X107
3 1.625 88  9.54X10°7 —2,09X10 7 5.94X10 " 1.18 X108 1.60X10°° 1.18X10°®
5 1.612 72 —2.66X10"° 2.24X107" —1.65X10""% —2.02X10 " —2.43X10"°% —2.02X10™"
7 1.617 2 —5.07X10"* 2.69X10 " —7.15X10 " —6.61X10 " —6.70X10"°* —6.62X10 "
9 1.620 04 2.79X107°%  —3.45X107% 2.90X107% 2.38X10°° 2.24X10°° 2.37X10°°
11 1.658 44 3.05X107°%  —6.89X10°* —2.13X10" " 9.66X10"" 8.29X10°° 9.52X 107"
3 10 min
Table 3 Working for 10 min gradient refractive index coefficient
No. no N n., ny, ny, ne, n.,
1 1.658 44 4,97X10°7 —3.29X10 7 1.33X10 " 2.96 X107 4.39 X107 2.96 X107
3 1.625 88  6.97X10°7 —1.84X10* 3.87X10 " 7.79X10°° 1.05X10°° 7.79X107°
5 1.612 72 —1.14X10°* 6.51X10 " —6.27X10" " —8.86X10 " —1.07X10 % —8.85X10 "
7 1.617 2 —2.78X10°* 1.75X10° " —1.77X10" " —1.73X10 " —1.75X10" % —1.73X10 "
9 1.620 04  1.69X10°° —2.03X107* 1.50X107" 1.23X10°°¢ 1.17X10°° 1.23X10°*
11 1.658 44 2.19X10°° —4.85X10 % —1.51X10 " 6.07X10 " 5.20X 10" 5.98 X101
4 20 min
Table 4 Working for 20 min gradient refractive index coefficient
No. no N N, ny, ny, ne ne,
1 1.658 44 2,77X10°7 —1.92X10 " 5.38X10" " 1.15X 1077 1.71X10°7 1.15X10°?
3 1.625 88  3.78X1077 —1.52X10"% 1.59X10"" 3.16 X107 4.27X1077 3.16 X107
5 1.612 72 6.79X10°7 —9.11X10 " 9.78X10" "%  1.38X10 " 1.66X10"* 1.38X 10"
7 1.617 2 —2.43X107% 2.09X107"" —3.59X10"" —3,74X10° " —3.,78X10"? —3.74X10""
9 1.620 04  1.07X10°° —1.24X10°% 7.15X10 " 5.89 X107 5.56 X107 5.89 X107
11 1.658 44 1.25X10°° —2.65X10"% —5.89X10 "* 2.95X10° " 2.53X10°° 2.90 X107 "
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5 30 min
Table 5 Working for 30 min gradient refractive index coefficient

No. no oy n., Ny, ny, ne ne,
1 1.658 44 2.27X1077 —1.32X107% 4.38X10 " 1.00xX10~° 1.01 X107 7 9.12Xx1071%
3 1.625 88 3.36 X107 —1.21X107° 1.30X10" 3.08X107"7 3.97X107°7 2.91x107°
5 1.612 72 6.47X107° —7.07X10 1% 8.37X10 " 1.21 X101 1.36 X108 1.16 X101
7 1.617 2 —1.83X107% 1.36 X107 —2.69X10"" —3.00X10™" —2.98X1077 —3.32X10" "
9 1.620 04 9.73X10°7 —1.01X10°% 6.95X10° ! 5.01X107% 5.56 X107 5.13X107°
11 1.658 44 1.11X10°°¢ —2.42X10°% —5.23X10° % 2.73Xx10° % 2.33X10°¢ 2.00Xx 101
6 40 min
Table 6 Working for 40 min gradient refractive index coefficient
No. no o, n., Ny, ny, ne n.,
1 1.658 44 1.97X1077 —1.22X107° 4.28X107" 9.30 X101 9.61x10°*% 8.82X1071°
3 1.625 88 3.15X10°7 —1.17X107° 1.16X10 " 2.99X10°"7 3.87X10°7 2.71X107°
5 1.612 72 6.35X107° —7.01X10 ' 8.15X10 1.07 X107 1.29 1078 1.03X10° %
7 1.617 2 —1.53X107% 1.23X107" —2.55X10"" —2.86X10"" —2.57X107% —3.20X10 "
9 1.620 04 9.69X1077 —9.51X10"" 6.73X10" " 4.59X107° 5.37X1077 4.93X107°
11 1.658 44 1.01X10°° —2.34X10°% —5.11X10 % 2.67x10 % 2.18X107°8 1.50 X101
f/:80 mm, . HXV=28"X28°,
’ 55 ym, _40’\“500C ’
, 8 A=2587.6 nm
Gradient 4 , 9~ 13
. 10 min, 20 min, 30 min 40 min
7 s ,
OBIJ: 0.00 DEG OBJ: 7.00 DEG - 0.5876 OBIJ:0.00 0.00 DEG OBJ: 0.00 7.00 DEG - 0.5876
S y S = .
= = y
IMA: 0.000 MM IMA: 11.517 MM IMA: 0.002 0.000 MM IMA: 0.002 11.516 MM
OBI: 14.00 DEG OBJ: 0.00 14.00 DEG
IMA: 23.345 MM IMA: 0.002 23.344 MM
8 9
Fig.8 Optical system point map design value Fig.9 Point map fit value when starting work

0111001—6



OBJ:0.00 0.00 DEG OBIJ: 0.00 7.00 DEG - 0.5876 OBJ:0.00 0.00 DEG OBJ: 0.00 7.00 DEG - 0.5876

= b= ;
S| L8 ; S| L% .
IMA: 0.001 0.000 MM IMA: 0.001 11.516 MM IMA: 0.001 0.000 MM IMA: 0.001 11.516 MM
OBJ: 0.00 14.00 DEG OBJ: 0.00 14.00 DEG
IMA: 0.001 23.344 MM IMA: 0.001 23.344 MM
10 10 min 11 20 min
Fig.10 Working for 10 min point map fitting value Fig.11 Working for 20 min point map fitting value
OBJ:0.00 0.00 DEG OBJ: 0.00 7.00 DEG - 0.5876 0OBJ:0.00 0.00 DEG OBJ: 0.00 7.00 DEG 0.5876
= =
é I ; - H
IMA: 0.001 0.000 MM IMA: 0.001 11.516 MM IMA: 0.001 0.000 MM IMA: 0.001 11.516 MM
OBI: 0.00 14.00 DEG ORJ: 0.00 14.00 DEG
IMA: 0.001 23.344 MM IMA: 0.001 23.344 MM
12 30 min 13 40 min

Fig.12 Working for 30 min point map fitting value Fig.13 Working for 40 min point map fitting value

7
Table 7 Diffraction spot radius of different gradient index optical systems
. RMS/pm
Field angle - - - - - - - - - -
Design Start working Wroking 10 min  Working 20 min  Working 30 min Working 40 min
Zero-field 1.405 1.538 1.53 1.529 1.534 1.526
Half-field 1.527 1.72 1.701 1.687 1.686 1.682
Full-field 2.033 2.216 2.2 2.185 2.182 2.180
4
b b
b b b
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