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Design of off-axis three-mirror optical antenna based on
integration of primary-tertiary mirror

REN Lanxu, TAN Qinggui, ZHANG Huanhuan, HU Xinrong, LI Shuai
(Xi’an Branch, China Academy of Space Technology, Xi’an 710000, China)

Abstract: In order to improve the installation and adjustment efficiency of off-axis three-mirror optical antenna
of space laser communication, it is necessary to optimize the design of total freedom of the mirror. Based on
the principle of coaxial three-mirror afocal system, a method of integration of primary-tertiary mirror
was proposed. The relationship between structural parameters of optical system was deduced, and an off-axis
three-mirror optical antenna with compact structure and primary-tertiary mirror integration was designed by
Zemax optical software. The design results show that the optical image quality of full field of view is better
than diffraction limit, the primary mirror and tertiary mirror are close to each other in space, the common
mother plate can be processed and surface shape can be detected by the common reference, which provides a
method for integrated processing of primary mirror and three-mirror. The degree of installation and adjustment
freedom of optical antenna is reduced by 6, which reduces the difficulty and improves the efficiency.
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system

MR 1SR, E LIRBEIER e, =
lz/ﬁ,v E%‘ﬂfé tta’z =L/, ﬁ%)ﬁ(j‘%ﬁl =0/,
SHORE B, = 1 /1y, EWRBEAIIE Ky d,, = FilH]
PR dy, F 8 IRINR BN &, W — IR I R A
e, "B A e, MW Xl Ha, . o, B3
INT 0, TTfE =R ARG A = ARG MR, T
KA =R ZG G MR AE, BXME A
R HEATRIARAL B . R AR AL T 248, i =R
62 R G PAR 22 PRI 7] K

1 1 1
SI 21(6% - 1)[3? - Ze%alﬂ;(l +ﬁ1)3 + Zegalaz(l +ﬁ2)3+

1 1
Zalﬁi(l +B)(1=B1) — Za'la'z(l +B,)(1 —,32)2( D
| - DBL+B)

Sy = 4,31,32
2 [ea(a — D) +Bi(1—ax)](1+5,)° N
: 48,8,
()= DB+ -B) B
44,5,
[a(a —D+B1(1-a)]d+B)(1 -2 1
46,8, 2 (2
Balar =1’ (0 =)’
SIII:_eg — 4a’1ﬁ% —+
Clan(a =D +B1(1-a)P(1+,)°
€ 222 +
4@10251,32
Ba(a = D*(1+B)(1 —ﬁ1)2+
4a1ﬁ%
[aa(a — 1) +Bi(1—a)P(1+B)(1 - B,) B
da 0,875,
Bola; — D1 +6)d —ﬁl)+
a1y
[az(a; — 1)+ 6, (1 —a)](1 +5,)(1 _,32)+
a5, 8,
ﬂl,Bz'FBz(l +51) + 1+,
ag [0410%) (3)



R 2021, 42(1)  AR220H, 4. =8 —IRIb B = Ot KR ekikit ¢« 25

B+B) 145

a a1,

Sy =B1B— 4)

A S0 Suy SIS 7 N BRZE | B 22 | B HECH
i 28 i THOLEE I E RGN, 6
REWMFEEBGEKE, B2, NS, =0,5,=0,
XF T IR G, 55 m Y R &6 RGN E 3
Too5 AL, FEYEE - = AR LI T T 55
K, XN FLAR i uy, — 0,808, = 1) /15 — oo, M| /4 5K
(1)F(2) Al &4k
el =1+%[alaz—al(l +8)(1 =B+

1
ega,(l +ﬂ1)3—e§alaz] (5

f/’%(a’l =D +ﬂ1)3 —€§[02(0| -D+gi(l-a)] =
(= DA+ =B —laz(@ - 1) +p(1-ay)]
(6)

{[A+a)+8)+a8i1(1 —a)a B — (1 +ap)a B} o @pf fif

L=

MC5) 2T (6) AR AR S B IR IR S ay
@, BRF . MRS HE L5 FE . oA

VB LN
d=(1+a)fy @)
d =1, - = (1-a) a1 fi (8)
fo
r=-==- (9
fe, [e7e%]

Wit e, a,. B AR RG22 (5) Al
(6) AT B £ B = BRI A5 IR IL
GG S R 1 — 1)1 = 1) f 7] 8 e s =
B L, OB AR RE R = B AR I S AT A

AR R
; ap .,
f = 1+ﬁ1fl (10)
f=a@p fif (1D

[(IT+a)+6)+a B ]a B — (1 +a)a b

2, E W ENFRES L. 4. f.

£ e el & ry LZRIFAEX G R, Hd g 48
WNEWSES . Lo dfdy HEBEM=5ES
YR 1 i 1) B 2 A 4, Wy = s, B (7) SAN(8) 3K
lE QAR
(1+ay) = (1—an)a 5y (13>
BT 8. =85 I B A R) ELCR A% 3R
R 1, £ AR, R BT . BRI R
Tl , 2 R B 1) A 2003 16 IX s A% 1 0 A AR RS K
AT PAAE S 2 X0 T B (9) 2y A (13) 5K
TR I 4 o 5 B R R B, TR AT R
l+a,—a B, -B,/T=0 (14
M C14) TR, 2 2R G 0 R A R rif
T, WE — R (B, W RG RGEK

2 &I sEy
2.1 FEARIBHRER

25 O TE (F O F R — P %= R
g, W] 58 B G AR A S sl R, SR DG BE S g
YO R G H R SR B FROR . AN
MeF RGN, MR 2 (RO 38 15 B B IR B 1 a2 Ot
22 L1425 150 mm; S SR 2 4N AH X 8 12 3 1 3K
O 15 2 i [va] A A 9 L 3R B A AR R, 455 1
BB A e X, 5 M K/ R 2 mrad;

HY 3 5 B B O . AR B, XD R A
A o i R AR R, BEORGE R I K 4=1.55 pm, Ok
27 I B B A F-50 dB, 237 1Y RMS % AT 1% 25 15
LT /155 I 5 B AR 2 25 T #5024 100 mm, DT
Be 5 v h Ak G2 R G . L R G TR R
RUNFE 1R

R1 AFRGRITSHEKR

Table 1 Parameters of optical system design

Parameter Value
Work spectrum/pm 1.55
FOV/mrad =2
Entrance pupil diameter D/mm =150
Compression ratio -15"
Wave aberration RMS <W1S
Optical isolation/dB <-50
Total length/mm <350
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Table 2 Structural parameters of optical system after

optimization
Element Radius of curvature/mm Thickness/mm Conic type
STO — 400 —
Primary mirror —600 -290.9 -1
Secondary mirror —20.225 290.816 -1.499
Ternary mirror —399.738 —250 =3.777
Fold mirror Infinity 341 —
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antenna
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Table 3 System tolerance of optical antenna

Tolerance Pr1mary Sect?ndary Temaw F f)ld
mirror mirror mirror  mirror
Wavefront 0.02 0.02 002  —
tolerances/A
Decentered 0.01 - 0.01 o
tolerances/mm
Thickness 0.01 o 0.01 -
tolerances/mm
Tilt tolerances/(") 10 — 60 —
Radius tolerance/mm 0.06 0.01 0.1 —
Conical coefficient 0.001 0.001 0.001 -
tolerance
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Table 4 Monte-Carlo analysis results

Monte-Carlo probability/% 0 mrad 0.7 mrad 1 mrad

90 0.035 0.038 0.040
80 0.027 0.030 0.030
50 0.015 0.018 0.019
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