Haak HI12M b= = SO Vol. 34, No. 12
2014 4 12 A ACTA OPTICA SINICA December, 2014

LK S e A L

% B IALE RZFH OEAM KT OREN

(G IR Tl 2 28 ) 2 AR FE poly . BROJBYT MR /R 150001)

WE BB AR S KB IR TR S RS e . LI E RSB D A EZE B AR X
UM TE LY e A R R B AT AT BV SR G PR R R O R R I B A R T SR ik R T IR
eI A A ROBE ) R A s T B R R B A B PP R A BT OB I e DU B AR T R T 1
RR 25 AR BTN 15 47, A T LT 8 it S AR PP A R 8. DA Sk IO #1085 T A I B0 T R O
BOE R, g5 T R R S R WU R TR B R . 5 A RBEL T O AR T e RO A O R R L @ T —kth
T TE # i S  A YRR TP R B B 7 T RAR LS 1.5 M 4R RV G B LA BT 2R G PR BE . AH LU R 3RO i
oz &I R T /3 R .

KR UM B R ki

hESES  0435.2; 0439 XERFRIRES A doi: 10.3788/A0S201434.1222006

Design on Surface Shape of Conicoidal Conformal Optical Domes

Zhang Wang Wang Dongsheng Qin Lanqi Dang Fanyang Chen Shouqian Fan Zhigang
(Research Center for Space Optical Engineering, Harbin Institute of Technology ,
Harbin , Heilongjiang 150001, China)

Abstract The ellipsoidal domes generate huge air resistance, which limits the operational performance of precise
guided weapons. To reduce the air drag, the conicoidal conformal optical domes are investigated and a better surface
shape of the dome is designed. The computational fluid dynamics method is adopted to compute the drag coefficients
produced by the conicoidal conformal optical domes. The evaluation function of the drag coefficient is established.
Based on the ray tracing theory, the evaluation function of imaging quality of conformal domes is modeled by putting
the average root mean square wavefront errors of different fields of regards to the evaluation parameters. Based on
the radar scattering theory, the radar scattering cross sections of conformal domes are computed. The evaluation
function of radar scattering property is established. Taking the air resistance, imaging quality and radar scattering
property into account, the evaluation function of comprehensive performance of the conicoidal conformal optical
domes is established. The parabolic dome with the fineness ratio of 1.5 is proved to possess better comprehensive
performance. Compared with the ellipsoidal dome, the parabolic dome established in this paper just produces 2/3 air
resistance of the ellipsoidal dome does.
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Fig. 1 Computational models. (a) Model of a conformal seeker; (b) grid model of aerodynamic flow field
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Table 1 Boundary conditions for aerodynamic computation

Boundary parameters Reference value

Altitude /km 10
Mach number /Mach 3
Inlet total pressure /Pa 26435. 8
Inlet total temperature /K 223.15
Angle of attack /() 0
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Fig. 2 Aerodynamic flow field. (a) Density field distribution; (b) static pressure field distribution

B0 AR IR U TR R B BB B
P SRR R UK TR RS R AR TR 1 0 1
PR e AL o AN R AR Z Uk i 38R
UL SR B 25 R AR B A9 B s R ) R R S 0 R
M fC £ 3 fron . A 3 ARl DLA . 2 5
L FR/NT LI, B B0 AR A3 K U R

03
§ 02~
O
% \
o
(]
C?SD 0.1} \\
()

0

0 09 095 100 103

Eccentricity

&3 2B ) R BB 2 0 AR ARt 22
Fig. 3 Plot of the variation of drag coefficient

relative to eccentricity
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Fig. 4 Plot of the variation of drag coefficient of conicoidal

surface with different shapes relative to fineness ratio
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Table 2 Parameters of the seeker optical system

Parameters of system Design value

Thickness of dome /mm 4
Entrance pupil diameter /mm 60
Wavelength /pum 8~12
Field of regard /(*) 80
Field of view /(%) 2
()
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Fig. 5 Parabolic dome optical system at different fields of regard. (a) 0° field of regard; (b) 30° field of regard

A AR T I B B G AR 15 2%
DR 0 20 B — b B AR B A 5 2k E i MO
MILTE L& R G4 Hn A gs & g pie .
A% SCR T 7 B (RMS) I I 15 22 7 35 {5 7 18 5
PR R, FETOLLE T ik R AR A
T RMS PRl iR 22 @l x4 H AR T RMS 3 i
R 25 WOV F(E 0 1 it P A 28 B S 2R
AR . TR 2 RMS P iR 22 7 2 {H B
RAigtm e feh e el 6 fros. I 6 ol LIFE
H R B 8 3 B A AR 22 e/ OO P
B S OB 2 B A R S R BER
AR FE A3 O XU 2B 8 30 58 10 4l ) 0 8 it 2.
FEAI R 22 I K TR B

25
ellipsoidal dome >
2 E 201 parabolic dome >
£ - hyperbolic dome ~_~
)
5= 15
&
2 £
= § 101
Q
By
0

0.5 1.0 1.5 2.0 25 3.0
Fineness ratio

6 RMS P i 22 1 4 {H B K 12 AR fb i 42
Fig. 6 Plot of the variation of average RMS

wavefront error relative to fineness ratio

1222006-4



ik RS

T T ST Dl R B W R B

TR R PP LRI B 5 R ) LT T
8 RS {5 il 15 22 7 249 {5 il 28 R A7 09— AR AL 3G L Bz
il /N 3R X iy £ HEAT P4 L 45 2 RMS R 3R 22
PR AR L AR AR B BR R
Agus (F) =0.08F" —0.60F° + 1, 44F* —
1. 00F + 0. 38. 3

4 Rty e L R R I B TR R RN R

il

R R AR BR 1R E 5| Sk A Bl R RE
FOG2E AR T A o 38 52 A6 3 51 3k 1Y 7 3K U 8
AR BB B PERE . B ST ol PR B8 o A K
1 o] S A A B2 R A Y 58 BT RE ) AR A5 4K A
B, P RGBS LR U B IR B R L G
BRI B B PERE L X T T TR ARG o ) 5 X AR A
HXER,

SR bR ZH0E ik B AR AL DG 2 X, 2 H AR
RGP BB R AS Z2 0 2 B AR L 1 e EOEH I8 4
JUfAp 2y U B R LR 8 H b o Ik e A . 5 IR
JUART 27 Jer B, 39 TR i 5 198 52 A DX 4l 2 o P, 0 9B 9B i
Fie 5 M A B T ) /0 A DX 33 A XA RN 5 2% Y
HhREAE o BB B SRR R S g X 0B A
X SR SR AE G 2 T O SR B X T A R
SRR o LS THD T 5 B B T A 2 O e X AR A T
1SR B I B A A L A S T X A1)
1 E RSB o Ao B SR BUN

o= o102 4)

I 3 3RS ) Y T R U R TR S U

RS RKEIH R K 7 Fioac. WK 7 dral L
3.0 - -

ellipsoidal dome
parabolic dome
hyperbolic dome .

L
o

Radar scattering cross
seciton /(10* mm?)
P — Do
o ;i o

=
o

i5 1.0 1145 2.0 2:5 3.0
Fineness ratio

[=%=]

(N 1P 2 7Nt g T L3 A= SN €S 1
T R AR LA fh 2k
Fig.7 Plot of the variation of radar scattering cross
section of conicoidal surface with different shapes

relative to fineness ratio

U 2] B R 1) R S EC AR B AR /0 S BRI
B VERE F 4 - HUCTR I W) 2 T R U =8 T A RO R
SRR SRR . BEE KIS R, 3 Bl i A
(19 JE I U 8 S P RE 2 W

R 4 9 £ R A B AR T R A Rt e AT I —
PEAE BRI T e /s 3 3 Xk 2R AT A 5L 45 2 TR
2y 1 CR A RN R R A U S

1

Rs(‘,(F) - 4F2.

(5

5 Ui I B R LR A PR RE VR
PR B ST
AR5 50 4 742 ST 0 50— f 2 SO
3 VY B AR T B O 3 B
O B T 49 9 99 2 S 07 4

& PERE VT B eR 2L
Edomc(F) — Wy (jd(F) +ZU2ARMS(F> + ngS(‘(F) .

(6)
A wy vw, My Sy 28 RS RS R R K
VISR RN
LS e 2 g Sk = RN 2 H
b, LR TR A B2 &R G Y R B . R )
Pe o A I 4% O S Bl T 2 O R T B TR
KB A B ORI NIEAT R BE . T IR R R
WEFEXT RO I B i R O S R B 2T
G 7% BE /N B B 25 R T BOPE ACER T 2o R
DR =S L 5 B R R A B AR AL . etA
TR S PERERR 5 A SR ARA S Hh ik al il i 8%
7 5 CH A T 2R 4R LR S PR RE L IR I 25 5 1
AE PP eR AR 5 B P BB A AR 20 S W/ T s RO
TG R ZA 5 LR R PR R U R

0.5 1.0 1.5 2.0 2.6 3.0
Fineness ratio

8 N[ AR Iy B T 2TV 4 Uk L 255 5 T R 50 R
Fig. 8 Plot of evaluation function of parabolic

conformal optical domes with different shapes

1222006-5



g3

i

wy s s IR 3132 143 HC L ST 1 £5 A TE A oR B
N RREC R M Bl 8 Fron. MK 8 hE] LI A
W R R R R AR O 1.5 B L ZE A TR BB
BOBCAG AR o st A — R oty T P A g R A R Y

LR TERE.

6 4k ©

Jg T WG R B T K 2 A 2 AL
B R 45 VR BT B R B T LT e 2
TR ST EA R TR A, L
PN B A AR 4 R T O
e WA R AR s O A L T W M T
SR LR A PERETE N IR B TR AR 1.5
400 28 T B O A B A R S I 4 A PR RE . AT
IR 72 LT PO BRI B 0 5 7 1 i 4 £ T o
W A 2 S R T 4 1/3, BLER A PERE B
JoTERE . HE A R T R O R T R 3
J7 1k BB SRR AT T AR 6T 36 2 4 R A 4
6 BR TES 2 9 AT R 5 14 B R T TR o
FR B E 0% 1 B 4 5 ST 962 5 R 1
B2 T SR

s & x
1P A Trotta. Precision conformal optics technology program [C].
SPIE, 2001, 4375;: 96—107.
2 Scoot W Sparrold, David J Knapp, Paul K Manhart, e al..

Capabilities of an arch element for correcting conformal optical
domes [C]. SPIE, 1999, 3779 434—444.

3 B G Crowther, D B McKenney, J P Mills. Aberrations of optical
domes [C]. SPIE, 1998, 3482. 48—61.

4 Scott W Sparrold. Arch corrector for conformal optical systems
[C]. SPIE, 1999, 3705: 189—200.

5] P Mills, S W Sparrold, T A Mitchell, et al.. Conformal dome
aberration correction with counter-rotating phase plates [ CJ.
SPIE, 1999, 3705: 201—208.

6 Wang Zhang, Shougian Chen, Chenglong Hao, et al.. Conformal
dome aberration correction with gradient index optical element
[J]. Opt Express, 2014, 22(3): 3514—3525.

7 Wang Zhang, Baojun Zuo, Shouqgian Chen, et al.. Design of
fixed correctors used in conformal optical system based on
diffractive optical elements [J]. Appl Opt, 2013, 52(3);: 461 —
466.

8 Zhang Wang, Zuo Baojun, Chen Shouqian, et al.. Design of
conformal dome inner surface shape beneficial to aberration
correction [ J]. Acta Optica Sinica, 2012, 32(11); 1122001.
iKORE, ZEEAE, BRSFHE S R TR 25 BOE m T 8 g B R
OB BT, Jeas 24k, 2012, 32(11) ¢ 1122001,

9 M Sadraey. Aircraft Performance Analysis [ M]. Berlin: VDM
Press, 2009. 11— 34.

10 Liu Yongming, Xie Jun, Li Xiangqin, e al.. Optimization and
figure analysis of elastic thin-film liquid lens [ J]. Chinese J
Lasers, 2013, 40(12): 1216001.

XUKHY, W 7, AW, A, St v R A R 0y O A T K
WIE M )], HEEOE. 2013, 40(12): 1216001,

11 Wei Xiaoxiao, Xu Feng, Yu Jianjun. Design of space coaxial
field-bias three-mirror optical system with high resolution [J].
Chinese J Lasers, 2012, 39(4). 0416002.

Bess, 15 W, REA. w5 PR m E AR 0 = ROES R
B[], EEOE, 2012, 39(4): 0416002,

12 Ding Lufei, Geng Fulu. Radar Theory [ M]. Xi' an: Xidian
University Press, 2008, 141—153.

THE R BOE R HREEIM]. PR, PR R R R
#t. 2008. 141—153.

EERE: % 4

1222006-6



