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Thermal/ structural/optical integrated analysis on
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Abstract; The portable spatial heterodyne Raman spectrometer integrates optical lens, interferometer, and
thermal radiation devices such as detector and laser. Therefore, the spectrometer has a complex thermal
environment, and the change of the ambient temperature can lead to the decline of optical system perform-
ance. Aiming at this problem, the method of thermal/ structural/optical (TSO) integrated analysis was
used to study the influence of ambient temperature and thermal radiation devices on the performance of im-
aging lens. Based on the design of the optical system and mechanical structure of the spectrometer, the
thermal-structure coupling model of the lens was established, and the changes of the lens spacing and the
surface shape were obtained by simulation surface change imaging lens,the Zernike polynomial was used to
fit their changes. Finally, the results were coupled in the optical design software to evaluate and analyze
the imaging quality. The analysis results show that, in the working ambient temperature(—10°C ~40°C),
the design value of the modulation transfer function (MTF) at 76. 9 lp/mm is better than 0. 38, which
meets the requirement of the portable spatial heterodyne Raman spectrometer.
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Fig. 1 Layout of spatial heterodyne Raman spectrometer
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Fig. 2 Flow chart of TSO integrated analysis of imaging lens
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Fig. 3 Optical path of spatial heterodyne Raman imaging lens
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Fig. 4 Design of spatial heterodyne Raman

imaging lens structure
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Table 2 Zernike coefficients and physical meanings
I L) [ 8 i 10 13 i 14 15 i 16 LBl
1 0.668 3 —0.044 2 0.316 6 —0.2395 —0.0832 0.2176 0.4351 —0.328 4 1 7%
2 0.075 8 0.066 1 0.040 4 0.006 9 0.005 2 0.087 5 0.017 8 0.008 2 15 44
3 —3.126 7 —0.0738 —1.9028 1.1645 0.8325 —0.5418 0.5632 0.8832 B
4 0.0203 0.004 1 0.0309 0.0027 0.0207 0.0159 0.016 7 0.058 2 — 188
5 0.0213 0.0078 0.0017 0.0005 0.0052 0.0045 0.0098 0.0121 — R
6 0.0154  0.009 1 0.0196 0.0036 0.0056 0.0087 0.0153 0.0911 —pr=mME{%2=
7 —1.0034 0.2245 —0.6886 0.5105 0.3254 —0.7643 0.7836 —1.0052 — ek
8 0.013 0 0.004 8 0.002 0 0.000 9 0.003 0 0.007 6 0.016 7 0.017 3 g
9 0.018 1 0.0144 0.0166 0.0032 0.0156 0.0125 0.0251 0.017 6 —PByPynfEL(g 2
*3 BBELEREEZLE
Table 3 Changes of spacing for imaging lens
A /°C B L VI B I IME BRIV VEEE S5 VEOE S8R OE 85 L I TR
35 i B
AL/ mm 24K /mm 24K /mm AL /mm B/ mm B /mm
40 0.011 3 0.012 2 0.014 3 0.016 2 0.017 8 0.184
x4 BBELBERIFHDPLEZLE
Table 4 Change of center thickness of imaging lens
. oo EARLD AL BRI smAN RV BRSO SRV BEAW AKX
Bl iz /C
/mm /mm /mm /mm /mm /mm /mm /mm /mm
40 0.0008 0.0010 0.0009 0.0009 0.0011 0.0008 0.0162 0.0013 0.0012
o e n}hms ‘n'ww' L \
0.9F i \ 4 zﬁl@
0.8 i L s N e o
.l \ X TR B A e 1 5 ) A 22 r 8 O3 AL
&32 BBk Al PR R e R M RE R R
%ot 1E—10°C ~40°C fFRBE IR E . 404745 L R L %8
o D9 9% R 5 1955 3% IR 1538 b £
0.1} i O TR R BT O 40°C I IR B Sk 1Y
% 8 16 24 32 40 48 56 64 72 80 MTF A i T B, HAEAE T 0. 38, iz FBHL#EE %
25 [A]$5 R/ (1p/mm) .
(a) T 5 NI TR 0 B B A I3 BT H R RE A5 450 Ry 5 b S Wl A 4T o 5 Sk AR
o e = B 00 25 1 4192 188 5 38 5086 B 7 % I
1.0 i 1
0.9 FAVLAY T ¥ AT 20 M o 24 AL O A 5 SR AR 2Ok
Sl | | LRI 7 BN % ) #5 B+ H 8 R
09 \\\\N B 1 80 07 A 6 0 B
Eo.s5k
=T Beo TR AR B8 3k 10 B LIS IR A AT o 75 8 41
0.3 221 2 OG5 AU HLAY B BT 4R AR B L ) I R
0.2F
| JEHU A B4 BT 26 A5 2 T 10 B B R 6 4t
GO é 1I6 2l4 3I2 4I0 4I8 5I6 6I4 7l2 80 %%% °
25 [A] 55/ (1p/mm) "
(b) SNIUE REHH 58 R L %5 3Lk :
B9 MESLAEFEEER 40CEN [1] SUN Zhenhua, HUANG Meizhen, SHE Zhengang,
(a) KREN(b) A BRI EE R et al. Status and development of portable spectrome-
Fig. 9 MTF of imaging lens when imported/not imported ter[J]. Laser & Optoelectronics Progress, 2014, 51

Zernike coefficients at 40C

(7):070001-1-7.



338 RAOGE 2018,39(3)

TR R L A S A AP 22 L i AOBUAR B Sk S HL AR LA BT

[2]

(3]

[4]

[5]

L6]

7]

MRS, RIS #8520 B
KR L] Wt 506 7 2 kR, 2014, 51 (7).
070001-1-7.

SHAO Shengyu, ZHANG Lin, CAO Bingqing., et al.
Present situation and prospect of application research
on portable raman spectroscopy scanner [ J]. Modern
Scientific Instruments,2013(1) ;28-32.
AR Bk o PR L S 4 BB i Y
FHWF 5% PR B B L) 0. B AR A28 B 2. 2013 (1) -
28-32.

AN Yan, LIU Ying, SUN Qiang. et al. Design and
development of optical system for portable Raman
spectrometer [ J]. Acta Optica Sinica, 2013, 33(3):
307-313.

B X, NGRS G AR BRI R e RS
B S WEHILT ], 2244, 2013, 33(3):307-313.
AN Yan. Research on technology of opto-mechanical
system of handhelded raman spectrometer [ D .
Changchun: Changchun Institute of Optics, Fine Me-
chanics and Physics Chinese Academy Sciences
, 2014.

G TR 20O R HE AR [D]. K
B HEBEERKBELEEEINS Y EITR
T ,2014.

YE Song,FANG Yonghua, HONG Jin,et al. Experi-
mental study on spatial heterodyne spectroscopy [J].
2007, 34(5) . 84-88.

MRS T B AR UL AR 28 ) A 22 D R LR W O
[JJ. SLHL T/, 2007, 34(5) . 84-88.

GOMER N R,GORDEN C M, LUCEY P,et al. Ra-
man spectroscopy using a Spatial heterodyne spec-
trometer: proof of concept[]J]. Applied Spectrosco-
pys 2011,65(8) : 849,

SHI Hailiang, FANG Yonghua, XIONG Wei, et al.
Spatial heterodyne spectroscopy and application in at-

mospheric remote sensing [ J]. Journal of Atmos-

[8]

[9]

[10]

[11]

[12]

pheric and Environmental Optics, 2010, 5 (6 )
464-468.

WSS 7 B AR B4R AEL 28 AR 22 il B R B A
AR AR iy 0 LT ] RS R 6% 4 4l
2010,5(6): 464-468.

HU Guangxiao, XIONG Wei, LUO Haiyan, et al.
The research of spatial heterodyne Raman spectrosco-
py with standoff detection [J]. Spectroscopy and
Spectral Analysis,2016, 37(2):3951-3957.

B ARG DAL SFL T T AR R Y & [R) A 2
PrEOGIRE AR T LI ]. S6ik 2 5 0614k 43 7, 2016, 37
(2):3951-3957.

SHI Hailiang, XIONG Wei, LI Zhiwei, et al. Phase
error correction of spatial heterodyne spectrometer
[J]. Acta Optica Sinica,2013, 33(3):313-318.
Jti 1 5 L RE A L 2R A L 5. A8 ) A0 25 S AU A0 R 22
R[], S22 42,2013, 33(3):313-318.

WU Yao, XU Mingming,CHEN Sujuan,et al. Appli-
cation of thermal/structural/optical integrated analy-
sis to ultraviolet lens of imaging spectrometer[ J].
Journal of Applied Optics, 2016,37(2) :262-266.
BRI BRI 55 DG LR B4 BT 7 W O ik
BAGAS 5 A58 Sk v i i LT 1. B 6 2%, 2016, 37
(2):262-266.

FAN Yue, LIANG Wei, MA Wenli, et al . Thermal
design of the optical system in an aerial camera []J].
Opto-Electronic Engineering,2013, 40(1) :52-59.
B, B, B SCHL. LA AL R R w1 ],
JEHL A, 2013, 40(1):52-59.

KEITH B. doyle . VICTOR L. Genberg. Integrated
optomechanical analysis[ M]. 2nd edition. Beijing:
National Defense Industry Press.2015:52-62.

BT - B JAR L 4ETNIE - Lo BEAK. BHLEM
3t [MI 2 . A8 R - ] - SR . AR,
VAN 7 N = e | = 07 A P (A
52-62.



