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Abstract: The final performance of an optical system depends not only on its theoretical design, but more

importantly, on various error-causing factors such as surface processing, alignment position, and system
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stability during its construction. To explore the influencing factors and the error sensitivity of a reflective
optical system, a coaxial two-mirror system is considered as the research object. The optical path variation
(OPV) caused by a misalignment error is proposed as the evaluation index of the error sensitivity of the op-
tical system, and the mathematical expression of the OPV caused by the mirror position misalignment fac-
tor is deduced theoretically. By using a standard Ritchey-Chretien system and the ray tracing method, the
OPYV caused by various disturbances is calculated. Compared with the theoretical value, the relative error
is approximately 1% , which proves the accuracy of the theoretical expression of the OPV. Based on the
theoretical study of OPV, a desensitization design method for a coaxial reflective optical system with an
OPV is proposed and established. Considering a coaxial two-mirror system with a focal length of 5 600
mm as an example, an optical system that meets the OPV and wavefront error index is designed after 15
rounds of iterative optimization. The accuracy of the OPV as the sensitivity evaluation standard and the ef-
fectiveness of the desensitization design method are verified by the relationship between the OPV and the
wavefront error modification.
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Fig. 1 Typical types of optical component misalignment
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Fig. 2 Layout of optical system with mislignments
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Fig. 3 Configuration model of two-mirror optical system
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Fig. 8 Ray tracing in condition of mirror tilt
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Tab. 1 Data analysis of OPV for PM decentration condition

%l;\jm% 0 5 E 2 /mm 2Az,/mm Y62 OP/mm Orv j‘/ﬁfmﬁﬂﬁ (ZAO:X(?—P%/?;fpV
—0.2 293.728 35 —0.049 98 879.950 80 —0.049 12 1.75%
—0.1 293. 740 85 —0.024 98 879.975 34 —0.024 57 1.67%
0 293.753 34 0. 000 00 879.999 92 0. 000 00 —
0.1 293.765 82 0.024 96 880. 024 53 0.024 61 1.42%
0.2 293.778 29 0.049 90 880. 049 14 0.049 22 1.38%
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Tab. 2 Data analysis of OPV for SM decentration condition
W“';ffa % 2,/mm 282,/mm KBOP/mm f/ﬁffm (Zfijjz’fw
—0.2 18.851 02 —0.029 24 880. 001 76 —0.029 26 —0.07%
—0.1 18.858 34 —0.014 60 880. 000 78 —0.014 61 —0.07%
0 18. 865 64 0. 000 00 879.999 92 0. 000 00 —
0.1 18.872 92 0.014 56 879.999 18 0.014 57 —0.07%
0.2 18.880 18 0.029 08 879.998 55 0.029 10 —0.07%
x3 REGHHAETHENEES W
Tab. 3 Data analysis of OPV for SM tilt condition
Mgy e PSS oAz, /mm L OP OPV OPV it H 2%
/() y,/mm /mm /mm Je B /mm (242, —OPV)/OPV
—2 100 293.81191 0.117 14 880. 115 86 0.11594 1.04%
—1 100 293.78272 0.058 76 880. 057 92 0. 058 00 1.31%
0 100 293.753 34 0. 000 00 879.999 92 0. 000 00 —
1 100 293.723 97 —0.058 74 879.942 23 —0.057 69 1.82%
2 100 293.694 77 —0.116 80 879.885 18 —0.114 74 1.80%
R4 XTEREHEAEETHUNAEZRELBRTUENHES R
Tab. 4 Data analysis of OPV for mirrors distance perturbation condition
P 2 A . st OP OPV Y2kt il i OPV it %%
Az, K z/mm 2hz/mm /mm /mm (2Az,—OPV) /OPV
—0.2 293.553 34 —0.400 00 879. 606 07 —0.39385 1.56%
—0.1 293.653 34 —0.200 00 879.802 99 —0.196 93 1.56%
0 293.753 34 0. 000 00 879.999 92 0. 000 00 —
0.1 293.853 34 0. 200 00 880. 196 85 0.196 93 1.56%
0.2 293.953 34 0.400 00 880.393 78 0.393 86 1.56%
4 H TR T IE 6 EEGE T 1 2 B K & 51 A9 OPV BA7 i sz v Fl i R
AR S M:, Bl LR F AT R (Root-Sum-Squares,
4.1 gt

PO R RO et R GBI E R R A
Ot ARG BIMF B RS, OPV KA
ARG, BURIE B2 OPV /NI R
G, WURBEAR, B R

RSS) Sk 3H 5 i F 2 Bk &R 51 1 A
OPV., [, 4 20 (A7) VR S DF- i ok B0k Xl 27 &
Ge HEAT RO A DG 25 AR AL R PR I R 5 1
OPV u] JEATHU 7 BEIEHE R

OPViss = \/OPV%%:L\ *+OPVyy”+
ETZEMES OPV WM sk gL, it 17—
AP 5 600 mm, MIXTFLAZ R 1: 7. 997 f1 K 157

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

OPVyy” + ..+ OPV oy’ + OPV 7. (47)
PR RS, it B Xt R4 OPV i 17 2y
B, DLIR B Bk i 0y B A 2 IR A
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FAPHE LT , LA 8. 200 0 um 7 A & 48 OPV
e 0y b BREAE 55T G b o ) e I iR
24 (Wavefront Error, WFE)RMS F-HJ{H , H 2
fE 4 0. 065 0A(A=0. 48 pm) .

i 3 ) e A R O, 283 15 e kAR AL R
Ot R G4 RARIC N Li~L.) , 3515 T RMS 3
%22 7 0. 059 851, OPV i 8.195 6 um [ 6% &
4. ¥ ARGR OPV 5 RMS WFE A (19748 fk
il & 10 TR o

0.075 8.205

~0-RMS WFE
—“-0OPV

0.068 94

g 007 006928
% 199082
T ]
0065 81956 2
B =)
= 8.195
v 006
= 8.193 5
193 2°

=] 81927

5 19

0'0'50 1 2 3 4 5 6 7 8 9 10 11 12 13 14 l.g

Optimization times

F10 Bt #h RMS WFE 5 OPV (7251
Fig. 10 Variation of OPV and RMS WFE in desensitiza-

tion optimization process

4.2 EMERH OPYV 5i&EKETE (ARMS

WFE)HK % &

FE 6 &R G iR RS OPY
TIRE . W, BT AR TR AR E A ET
f I 1% 2% 28 B (ARMS WEE) |, ok H ot 2% &
O8O E G B . AR AR BBt e, OPV
ARMS WFE 8% X R Al KRN

AWFE,, =

/ﬂmopvu,y) AOPV (2, y) Jdzdy

S

,(48)

= S Sy St 1T AR

M (48) I A ] B3R OPV 5 ARMS
WFE WM G M o #E BRSO vl B2 op, DA SE 50 250
WA N T RAE OPV PFA Ar v /Y IE 80 1, 5 3
T OPV Wy R s vk 7 ik i A 2t R BB T
15508 A 19 ARMS WFE, i it 525
BAE T LA % R4 OPV 5 ARMS WFE B
A IE AR OGP L TE AR AL o B, A 0 A AL
—

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

8.206 -0.0155
-0-0PV y
'E 001518 0.01524
-0-ARMS WFE 001506 2
8.202| 0.015 >
I <+
(=]
£ 81990 1L
=4 L3
0.014 36 =
S 81980 5% 001455
e | 81956 =
5 vl
8.194; 0.014 5
§.193
5197 $1932 =
L0135
8 |90 1 2 3 4 5 6 7 8 9 10 11 12 13 14 l,‘?

Optimization times
11 R B R4 ARMS WFE 5 OPV 1y
AL B
Fig. 11 Variation of OPV and ARMS WFE in desensiti-

zation optimization process

ZE T, NS 25 e 5 S BHE
I, B E T OPV PEAN A5 o (1) 1IE 8 Pk 5 3 F OPV
TE M b o 10 06 2 R G B 0 T O vk I B
OPV 5 ARMS WFE ¥ il DUFE G 2= s it /R Ry
PN 627 R G U PP AR e

I F U I BUAROE LR G R AR Ak 4 X
AN AR T R AL A N Y SR AR SRR D
OPV 1E Jy i 2 5 2% 7 G0 UK PN b o o 7
— B Rl SRR 3E Gk ST AL B AR L
B R B HE S T E B/ KB RO B/ IR B
o AR | 32 K 5 ] R AR Ak A R 25 R 5 R i OPV
() B 2 ff B & 1k 500 @ 2F — & A5 ME Ritchey-
Chretien R 4t , W 1 4 UL DG 48 30 25, 1153 T
FE 45 B G AR B B0 R BT A2 1 OPV S Br 4L
8, 58S HE R E X, X R2EE 1 A4,
WEM T e S 09 OPV B 2k A I 1 o

AT OPV RIS, #5717 LLOPV RiT
Y R B B A O 2E R G R O T Ok W T
— AN FEHE A 5 600 mm, HHXFFLAR A 1:7, M35 f
RS W R G, Lad 15 5k Rkt , k8T
OPV 5 RMS WFE ¥ JE$6 05 R 1 R4t . X
Bt PR AT M i T 15 ek ARt
BH ) OPV 5 ARMS WFE, 45 % Wos &1k
ik F vh AR A e e — 20, B IEARSCHE SR 1
OPV ¥4 b5 i (9 IE B M 5 2 T OPV IR b i 1Y
2% F GE WA 1 B Uk
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