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Abstract Two kinds of field rotation occur in large optical telescopes, one is caused by the coordinate
transformation between horizontal coordinate system and equatorial coordinate system, the other is caused by the
mutual rotation among fold mirrors in telescope. In order to get high spatial resolution and stationary image, field
rotation compensation is required. Now K mirror, as a derotator, is widely applied. Using matrix can explain the
principal of K mirror and achieve the requirements for derotation, which leads to two sorts of K mirror: the
symmetric and asymmetric. Similar to prisms, K mirror can affect the optical axis and imaging.Considered the
requirements of machining, assembly and the total optical path, the aperture, volume and base angles of K mirror
have been analyzed and optimized in this paper. An example of the symmetric K mirror is designed by Zemax. The
tolerance of assembly and alignment have been explained by 3D—-geometric relationship and calculated by Zemax
and MATLAB.
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Fig.1 (a) Optical path of the Dove prism; (b) imaging analysis of K mirror
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Fig.2 Optical path of the asymmetric K mirror
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Field Type : Angle in degrees
X-Value Y-Value Weight
0.000000 0.000000 1.000000
0.000000 0.050000 1.000000
0.000000 ~0.050000 1.000000
0.050000 0.000000 1.000000
~=0.050000 0.000000 1.000000
0.050000 0.050000 1.000000
0.050000 ~0.050000 1.000000
~0.050000 0.050000 1.000000
=0.050000 ~-0.050000 1.000000

B S A7 L7 BT N 30° A FR R (a) KM, (b) KM2, () KM3 [ 563E K5 (d) #3753
Fig.5 Footprint diagrams of (a) KM 1, (b) KM2, (¢) KM3 (symmetric, base angle is 30°) when add fields; (d) fields data
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Table 1 Displacement tolerancingexpression of K mirror in Fig.4

Tolerance /mm KM1 KM2 KM3
Displacement in x—direction( Ax ) 0 0 0
Displacement in y—direction( Ay ) E, =1.5Ay E, =-Ay E, =1.5Ay
Displacement in z—direction( Az ) E, =-0.866Az 0 E, =0.866Az
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Table 2 Rotation tolerancing expression of KM 1 in Fig.4

Rotation Displacement of chief ray on image plane

. . 259.8 tan(60° + 2& ) — 450
Rotation around x—axis (&) v= 3 an(60° + 25 )~ 1.732
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s cose, +0.5cos’e, — 1 3cose, —cos'e, +2
Rotation around y-axis (&)
97.4cose, +97.4cos’e, — 194.8
: s +216.5
1.5cose, +0.5cos’e, -1 ,
L= 5 (cose, +cos e, —2)
0.75cose, —0.25cos"e, +0.5
Rotati | . B~ 259.8sin ¢, N 400.3 sin e, _259.8(cose. - 1) . 800.8(cos e, — 1)
otation around z-axis (s.) " 1.5cose.-0.5 0.75cose, +0.25 7" 3cose. -1 3cose. +1

3 18] 4 rh K2 19 i % 15 22 il i =X

Table 3 Rotation tolerancing expression of KM2 in Fig.4

Rotation Displacement of chief ray on image plane

~ 75cos(de, - 90°)+ 500 cos(4e, —30°9) - 129.9 sin(4s, - 90°) - 562.92

. —axis E, -
Rotation around x—axis (&) ) sin(de_—30%-0.5

Rotation around y—axis (&) 0

sin 2 +(779.4 sin*2&. — 2987.7 cos 2¢. + 736.1)

E, = P
: (3sin"2e. -2y3 cos2e. - 1)
Rotation around z—axis (. N
(e 1.732sin’e| —— D 575
E ~ 64.95° cos2e, - 64.95 1.5cos’e. - 0.5
> 1.5cos2e.-0.5 3sin"2e. -2
F4 T 4 KM3 18 e 0 22 fi it =X
Table 4 Rotation tolerancing expression of KM3 in Fig.4
Rotation Displacement of chief ray on image plane
Rotation around x—axis (&) E, =500tan2¢,
125sin2e - 750sin ¢, 433(cose, — 1)
Rotation around y-axis (&) E, ~ E, =

1.5cose, —0.5 coszs) +1 1.5cose, -0.5 coszg) +1

__433sine(1.5cose. - 0.5) £~ 433(cos e, = 1)(1.5cos e, +1)

Rotation around z-axis (¢.) o 0.75cos . +0.25 o 0.75cos . +0.25
3.0 : = 2.5 ; : 5 = 7
2 %, rotation around x-axis tati d x-: . : +rotation around x—-axis
5] é 2.5 ., ;rotaﬁon around y-axi o § é 2.0 *ff*# ;igtgtigg gggﬂd Z—gz % 51-5 ﬁ*;ﬁ +rotation around y—ax.is‘ff
£320 ", -Totation around z—ajﬁg g .7, . rotation around z—a};gf c & = .Totation around z-axis
SR k & @ ol5 5 3 010 B i
S 215 S S
S8 # S 310 8t
% g 1.0 & e % g * (=7 §05
= # = oy 0.5 B2
A% O.g - A% g ‘ A% 0 i
20 -1.0 0 1.0 2.0 -2.0 -10 0 1.0 2.0 -156-10-05 0 05 1.0 15
Rotation angle of KM1 /(10-° rad) Rotation angle of KM1 /(102 rad) Rotation angle of KM1 /(103 rad)

Pl 6 5 11 fi % A1 B2 5 14 D A% R G R

Fig.6 Relationship between the rotation of mirrors and the image movement

0316002-8



S I S

25 Zemax R ZE TS5 R

Table 5 Tolerancing result of K mirror in Zemax

Sensitivity analysis:

Minimum Maximum

Type Surface Number Value Criterion Value Criterion

TTHI 3 7 -0.01000000 0.00867082 0.01000000 0.00864969
TEDY 4 6 -0.01000000 0.01498943 0.01000000 0.01501057
TEDY 8 10 -0.01000000 0.01001057 0.01000000 0.00998943
TTHI 11 14 -0.01000000 0.00864969 0.01000000 0.00867082
TEDY 12 14 -0.01000000 0.01498943 0.01000000 0.01501057
TETY 4 6 -0.00138900 0.00969705 0.00138900 0.00969705
TETZ 4 6 -0.00138900 0.01679578 0.00138900 0.01679578
TETX 5 5 -0.00138900 0.03879875 0.00138900 0.03877762
TETY 8 10 -0.00138900 1.0568E-005 0.00138900 1.0568E-005
TETZ 8 10 -0.00138900 0.02729314 0.00138900 0.02729314
TETX 9 9 -0.00138900 0.03150483 0.00138900 0.03152597
TETY 12 14 -0.00138900 0.00606066 0.00138900 0.00606066
TETZ 12 14 -0.00138900 0.01049737 0.00138900 0.01049737
TETX 13 13 -0.00138900 0.02425318 0.00138900 0.02423205

Monte Carlo analysis:

Number of trails: 10000

Initial statistics: normal distribution

Nominal: 1.0568x107°

Mean: 0.02746723

Std Dev: 0.01515418

98%>0.0643296790%>0.04835819 80%>0.03960656
50%>0.0252503420%>0.0141371810% >0.00978158 29%>0.00400918

R 53 A 9 45 R TT DA KB A = T 5 7 o TRl D 2l ) Bl 2 3 Y R 22 R, 3 5 T 6 T Y 4
R—E SRR 08 b nl DU A, A S 75 B I 22 05 23 0 K e B 5% 22 45 2R, 98% 1Y fi 22 42 7 64.330 wm
LA, fie R A 18 0 B RE X 1) 103.018 m 76 47 o DAZE 2R AT, K55 2 VRS B2 SR AR i o O 07 T A 2 00 A2 A
JaAE CCD HY AL I8 B 2 EROT RN BER T DUAT =R J5 i < 1) A W7 B i KOBERLBRCES A4 1 38 555 52 5 2) £E K
Bi5 CCD Z [ AS i — L8 45 /N AR 1 1 BB B3 5 3) K BE i B AR B 158 3h 48 85

RO TP ATEA TR R 22 WL, 2 LR 90% LN B IR AL 15 B0 o IAZR 6 1T LR I, 25 A b 22 i e 1% 22 1A
[, 3 AN K32 88 22 I L, i R B R A JL PR 2 PR3 R 0 o 508/ % 1R 22 A9 L, 5 22 P A R
ZEMTLL & AT A ARAS 1 RO/ o T A KCBoHs 2 9 $i2 v 5 B A K B8 B3 10 A 2 9 R TR 2

F 6 12U AR FE 1 52

Table 6 Different error ranges impact on image

Error range Displacement of image
0" 0.01920327 mm
Error range of rotation —3".3" 0.03272405 mm
(error range of displacement is -5"~5" 0.04835819 mm
-10~10pm) =7"~7" 0.06544065 mm
-10"~10" 0.08818979 mm
0 pm 0.04442697 mm
Error range of displacement -5~5 pm 0.04531713 mm
(error range of rotation is =5"~5") -10~10 pm 0.04835819 mm
=15~15 pm 0.05223649 mm
-20~20 pm 0.05741672 mm
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T HE K B FLAT 2 (00T B8 0 M R, (L KB E T 5 0 T 2 3B S X A S OIG AR P B Ll K T
Dove 15 5, FH 6 7 v R 2K 0L T 0 110 0 40T KB 0 0 B 0 e 90 K 0 — 3 O
B 249 3R 4 P, 9 LG A B B 6 Bl K B G R KB s SR S B R A LA I R O L K LA
I AR S 7] 2 30 B A Y6 I SR A R B L B S B A L KB T A VG K 1 L R M G £
T M AR T K X RR A K B T AR Bl KB . B IR 4 BT F 45 & Zemax AEUSAR AT M 56 W K B2
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