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Abstract: In the traditional optical system design process, optical designers focus more on optimizing the
performance of the optical system without considering the as-built performance of these systems. To re-
duce the tolerance requirements for optical systems, this paper proposed a desensitization design method
for freeform reflecting telescopes based on nodal aberration theory. This method provided mathematical
expressions to describe aberrations generated by freeform terms on general decentered and tilted optical sur-
faces. To obtain the aberration coefficients of off-axis freeform surfaces, transformed pupil vectors were in-
troduced into the aberration expansion, and only paraxial chief rays and marginal rays were traced to derive

the aberration expressions. Then, an as-built performance evaluation model for the optical system was con-

s B 88 :2025-03-10; 1&4T H #§ : 2025-05-08.
HEWE : FRARBER AT BIH (No. 62105331)



% 12 3

TS A ol A S B 2 g i B R T 1865

structed based on this analysis framework. Using this method, two kinds of off-axis two-mirror and off-ax-

is three-mirror systems containing freeform surfaces were designed, and the assembly sensitivity of the sys-

tem was analyzed by 2 000 Monte Carlo ray tracing simulations. The results indicate that after about 10

minutes of optimization, the average wavefront aberration of the off-axis two-mirror telescope decreased

by 26% , and the average wavefront aberration of the off-axis three-mirror telescope decreased by 14%, ef-

fectively verifying the effectiveness of the desensitization design method proposed in this paper.
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Tab.1 Aberration equations for a freeform surface located at the aperture stop in a coaxial system.
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Fig.2 Ray trace diagram for a coaxial system with a freeform surface on a non-aperture stop surface
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Tab.3 Lens data of an off-axis two-mirror telescope optimized with the traditional optimization methods

F 242 /mm JEJE /mm R4 2%  YDE/mm C5(Q) C8(2) C11(1)  C12(1)
PM —1741.71 —646. 94 —0.95 —240. 50 81.21 93.01 0 0
SM —631.00 769. 98 —2.46 —240. 50 —90. 29 —136. 85 —7.80 0. 36
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Tab.4 Lens data of an off-axis two-mirror telescope optimized with the as-built performance model

B3] 242 /mm JEEE/mm RS YDE/mm C5(A) C6(A) C7(Q) C8(A)
PM —1770.19 —650. 83 —0.60 —171.97 —33.26 137.57 0.00 0.00
SM —664. 62 799. 33 —0.52 —171.97 —70.29 —160. 77 —25.17 —11.47

R5 TOLRZERFBHBEMARZITHEHE LR

Tab.5 Lens data of an off-axis two-mirror telescope optimized with the TOLR method

Fm 242 /mm JEEE/mm H#EREC YDE/mm C5(A) C6(A) C7(2) C8(A)
PM —1742.55 —647. 37 —0.81 —171.17 —59.94 74. 35 0.00 0.00
SM —631.10 769. 24 —1.39 —171.17 —103. 42 —108. 60 11.22 —5.34
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Tab.6 Monte Carlo simulation statistics for the off-axis

two-mirror telescopes
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Tab.7 Lens data of an off-axis three-mirror telescope optimized with the traditional optimization methods
Fm HERER/mm BEE/mm ZKEH YDE/mm C5(1)  C8(A)  C9(1)  Cll(A) Cl2(d) C17(2)
F 5 —623.91 —279.76  —0.78 —100.03 0 0 0 0 0 0
KB —217.94 315.81 —7.49 —100.03 —39.67 —71.78 —97.32 14.19 —19.73 0.42
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Tab.8 Lensdata of an off-axis three-mirror telescope optimized with the as-built performance model
Fif o MEEA/mm JEE/mm KA YDE/mm o C5(1)  C8(Q)  C9(X)  ClL(x) Cl2(x) C17(Q)
B —651. 57 —299.89 —0.78 —94.81 0 0 0 0 0 0
Wi —216.66 292.22 —11.6  —94.81 —46.47 —48.55 —113.34 24.90 —22.18 2.46
=i —278.20 —302.23 —0.09 —94.81 —27.33 4.10 17.67 1.41 1.33 0.13

(a) G ERR R R G
(a) Optimized with the traditional
optimization method

Fig. 10

(b) 12 THRERRA AL R R G
(b) Optimized with the as-built performance
model
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Optical layout of the off-axis three-mirror telescope

(c) TOLREEFKFHI B GE
(c) Optimized with the TOLR Method
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Tab.9 Lens data of an off-axis three-mirror telescope optimized with the tolr method
FW OMZEER/mm JEE/mm RES YDE/mm C5(Q) C8(1) €9 Cl1() C12(0) C€17(x)
ER —658.86  —299.84 —0.74  —96.34 0 0 0 0 0 0
Wi —224.20 332.11  —5.84  —96.34 —205.70 —8.26 —72.24 26.35 —21.72 1.34
=45 —308.07  —326.62 —0.09 —96.34 —77.41 —11.41 16.79 0.78  1.81 0.76
4. 2.2 B Eh = B AL 0 A 5T K10 BEH=REZENFHFTIRNEITER
A % %5%45 w g%ﬁ*ﬁﬁff , %t EiR= Tab. 10 Monte Carlo simulation statistics for the off-axis
R G AT T 2 000 Y REA 5 BT, LTI R 45 19 three-mirror telescopes
YA M- &l N N - — y %)"%I; [p5=y
JQI@HE,}JFH_/A\%‘&EI—?LF*HH,ébl‘l‘%% 5 G AT AL 1 Jiuﬁgi’j‘*% TOLR A 1
mFE 10w, S5RRWY R TR ILILTS ML AEE
1 2 55 W% 22 RMS 4 Y {9 0. 050 74, 4 [ X)) 0.0450 0.050 7 0.049 5
TIHALBIR LA 7 A O (LR S g D 00988 0.0626 0 0.0514
BRI R U R R I ok TRz RO 09750400 0.9240
THEREM BRI MUEIG R Ak R I 06T 02266 0,256
brif 22 0.0881 0.070 4 0.0701

G0 B KA 22 N 0. 575 24 [ 2 0. 492 5A, 1% %
P49 0% Bl 3 BRI A T 17 %6 5 bR i 22 ML 0. 088 1 FEAIR
£0.0704, XKHRGE P TRBE T E N E ;1
Hh B AR 2% RMS V- #{E ) 0. 261 12 B 2 0. 226
60, FEAR T 142,

WE 1L FR R AR SO T RE A B A Ak Y

R, H AR 2 A B AR i A T
e R LI EETE R JF H,80%0 B R X J
P A% 22 RMS {H H1 0. 337 INFEZ 0. 285 O, A1k
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(a) Optimized with the traditional

optimization method model

(b) 32 THERERIL (LR KR R G
(b) Optimized with the as-built performance
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(c) Optimized with the TOLR Method
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Fig. 11 Histogram and yield curve of Monte Carlo simulation results for an off-axis three-mirror system
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