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Optical alignment of all-reflective afocal ZH optical system
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Abstract: A co-axis and all-reflective afocal ZH optical system and its alignment method were intro-
duced. The ZH optical system consists of a first paraboloid, a mirror with two operational faces and a
45° angle and a second paraboloid. The two paraboloids were installed from every end of the mirror,
and the mirror with two operational faces was mounted easily. The tolerance and assembly of the ZH
optical system were computed and analyzed, the effect of the position misadjustment of the element on
the system was discussed, and the error analysis results were given. As there is an offset distance be-
tween the incidence optical axis and the shoot optical axis when the light propagates through the ZH
system, a precision assembly method was proposed to ensure the parallel of the incidence optical axis
and the shoot optical axis. In experiments, a visible collimator tube was used to align the ZH optical
system, and the horizontal and vertical parallel offset lenses were taken to compensate the offsets.
Moreover, a micro-displacement measuring module and a micrometer eyepiece were used to measure
the adjusting size of the system. By the proposed method, the ZH system completes the co-axis of the

incidence optical axis and the shoot optical axis. The parallel offset lenses were taken out after ZH optical

WA HE:2011-03-01;1&{T H#E :2011-03-21.
HEEWMB : 028 & E NI4T H (No. 6140527)



1744 e KE IR

%19 %

was assembled, and the system can realize the space parallel of the optical axes.

Key words: optical system;all-reflective afocal ZH optical system;alignment;common optical axis
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Tab.1 ZH optical system data

Surf Radius/mm Thickness/mm  Glass Conic
OBJ Infinity Infinity

1 Infinity 100

2 Infinity —236 Mirror 0
STO 480 236 Mirror —1

4 - 4

5 Infinity 60

6 — 60

7 —120 —60 Mirror —1

8 Infinity 70 Mirror 0

IMA Infinity
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2 MIFEMHER
Tab. 2 Results of MTF merits

Type Surf Value/mm  Criteria Change

TEDY 3 3 —0.70 0.398 351 —0.146 404
TEDY 77 0.70 0.404 126 —0.140 628
TTHI 7 8 —0.30 0.405 214 —0. 139540
TTHI 7 8 0.30 0.405 214  —0.139540
TEDX 3 3 0.70 0.407 444 —0.137 310
TEDX 3 3 —0.70 0.407 444  —0.137 310
TEDX 77 —0.70 0.412 259 —0.132 496
TEDX 77 0.70 0.412 259 —0.132 496
TEDY 3 3 0.70 0.416 753 —0.128 002
TEDY 77 —0.70 0.420 664 —0.124 091

£33 HERETMER

Tab. 3 Results of wavefront merits

Type Surf Value/mm  Criteria Change

TTHI 7 8 —0.30 0.148 505 0. 059 385
TTHI 7 8 0. 30 0.148 505 0. 059 385
TEDX 77 —0.70 0.143 424 0.054 304
TEDX 77 0.70  0.143 424 0.054 304
TEDY 77 0.70 0.143 021 0.053 901
TEDY 77 —0.70 0.141 486 0.052 366
TEDX 3 3 0.70 0.139 645 0. 050 526
TEDX 3 3 —0.70 0.139 645 0. 050 526
TEDY 3 3 —0.70 0.139 377 0. 050 258
TEDY 3 3 0.70 0.137 010 0.047 890

x4 BRIERENER
Tab. 4 Results of RMS spot radius merits

Type Surf Value/mm  Criteria Change

TTHI 7 8 —0.30 0.012 303 0. 005 970
TTHI 7 8 0.30 0.012 303 0.005 970
TEDY 3 3 —0.70 0.012 284 0.005 950
TEDY 77 0.70 0.012 083 0. 005 750
TEDX 3 3 —0.70 0.012 021 0. 005 687
TEDX 3 3 0.70 0.012 021 0.005 687
TEDX 7 7 0.70 0.011 802 0. 005 468
TEDX 7 7 —0.70 0.011 802 0.005 468
TEDY 3 3 0.70  0.011 565 0. 005 232
TEDY 77 —0.70 0.011 449 0.005 115

Py 22 40 A 4 SR AT 0, YA B AR 22 08 0.3
mm, iR 2E K 0. 7 mm, AR 2N 0. 176, %
AR GiAE 33 Ip/mm 4bih 2 Y MTF A
0.43 PEAKE] 0. 28, P ATIR2E B 0. 15 KK

F 0. 21 P SN EEAR R 12 pm B RF) 19
pm X FE IR 220 S ZH R G0 o8 ]
DI 2 W BUR B [ R ZH R 40 6 2 oo 3%
] R 1% 2 3 TR (AT BRI 25 0.3 mum, i A0 152 22
0.7 mm, HRMRZE R 0. 17,

& A I 2R FH 7K P i 3% 02 5 R T 00 A% 4D £
BEAMERD - FLAE XY T 1] (T 8% , 2 o Ji
WE 2, B a0 & 3, %58 8 58 s 25 45K - i
T8 I 4 R o R BB DA A S B B B R
S-S i A2 X 5 1] 19 °F- B8 I 7 2 K F- i 7%
AMEGE KK T B8 A B AL IE B S X Uy )
BAS S AME Y J5 ) P A% I A R
LT L B R B K T A A% D AR A IE
N5 y Iy 457,

3.3 ZH ZZERAZ*

SR HTRT WGP A7 06 8 047l B 2 A1 2 ) Ji
BN 2 Bz o B8 Y 't B T 18 3 2 0 P i
S5 B8 B RS SR FET I A 2 A D0 - R e H B
WS, ZH RGP Ir T -

PR AT E 58 AT O E L —
.

P AR A B e B A b E S
FOPAT A O — B0 DL SR S Y i 1A
FEETH HE — YO & A R RS AR L B
= Nty . N G A T

£ ZH Z G0 5 50 06 % b ilcE — YeoF dh L ZH
F 50 LI R oA — IR AL e AR IR L
TG i /N AL PR S S BOGBE B E A TR
S O S R OBLTET R 4 L /L

% B ERE L —REOE A N FE DS
ol A 20 P AT OGO B IR T RO L R 2
S BE R S B 1Y) 22 2 5 T HEAT AR 8T B SR
HEBE A SRR /NS B N e gl e T B8R
(A

BUT F RO 4 B R T —HEOE A
A i e b BRI IS S B THE B R RS R XP IR R
PP AR e e B T E AT DR 0 R O BE SR B
SCTEAR /NI T A A% 2l 0 T IR B I 0 B

BN W B 5 7 32 B B AL iR — ST
R T OBLTE RS B L SIS A WE .

£ ZH RS0 56 7 S G s 7 B b
TP 7% D225 K 5 22 286 32 IR R B L e e
YRS ALY 32 WA R UL B B L A R 2k



%8

el B, % . &0 E ZH RFE A2 A 1747

Cross division
Second
parallel

optical tube

Lamp-house

|m————
b

Horizontal offsef

Mirror with two compensation lens

operational faces

= r__: 7

%”‘: }ICL—,\'

e
1 [ .
:/" 1 ZH optical
-

1 system
H )

—=1 Y optical axis offest

First parallel

Lamp-house | optical tube

Cross division

__________

K2 ZH FRg 508 K
Fig. 2 Alignment principle of ZH optical system

Heorizontal offset
compensation

lens

K3 ZH ZGRME
Fig.3 Alignment of ZH optical system

FIE R IR OB I B AR PR kR

PRAE A A 72 00T S S 858 UC B S T PO CUR AT 4
P

M4 W BN AT

Fig. 4 Common focal plane of first mirror and second

mirror

BUF ZH RS0 SO0 5 5 1 T B AR
AMEFE A A R B TR A R A
I E TRl o 55 FAOeE N 50
RIS e T 0 e B R A L

R TSP ATORE H LSS ZH RGO
FR A PAT G 2N TR AT E R
TEARI L,

RS ZH RGO H 5 SO0 4 [F]
RS S 2 BKOT I A% #2245 L T LW RS AN BE B
RGOS BT Y 2 ) RS 4
3.4 ZHRGERAER

WE S FroR ok ok BBk e 00 )5 vk 58 U ZH
R RS T ZH 244 Y T
LA A PR T B S A R ) T T S A A A
L[] - TET 5 B A5 3% 1T A 38 LA T R 4 1 S
SR T F L ZH R G SO S A SHE
FAT .

First Mirror with two
mirror operational faces

Second mirror

B 5 BEBCOEM M ZH R

Fig. 5 Alignment result of ZH optical system

3.5 EBHMRGET
TERE ) ZH R G R 258 58 i T H i
B 4% 21 50 B AG G 7 2 58 - I o 38 A 9% 21 51 A5

6 LR R
Fig. 6 Image of MWIR optical system



1748 b=

e TR

%19 %

6 R G AT TR SR AE 6 iR . R
TN G R AR U AR I B D6 3
1 ZH RGER R T5 vk 2l AT 0. 3R 1 ZH &
GLREAS I B PLIY 2K

4% &

R T R R I/ R R R i IR £ A AR D 2

S & Lk

(1] Arec 2 A zphy, &R B 3k 04 b/ e I 4k 41

SRAB I ZGELT]. b F 4R, 2009, 29(4):932-
936.
HE H X, ZHAO J S, PAN S C. Common aperture
optical system for MWIR/SWIR polarization imager
[I]. Acta Optica S inica, 2009,29 (4):932-936.
(in Chinese)

[2] A BREATLE. — AP BB RT DL
BAT X F AR ALP]. JH ;% Fl 2007,
ZHAO J S, PAN S C, HE H X. A novel all-re-
flective optical system with the minimal central ob-
stacale ratio and its applications ,national de fence
patent[ P]. 2007, (in Chinese)

[3] #&%. FHd. MMMERERIT] LEF
1994 ,14(8):867-871.

PAN J H,LI X N. Design of a tilted two-mirror op-
tical system[ J]. Acta Optica S inica, 1994,14(8):
867-871. (in Chinese)

(4] #E . AFEFavyRit . mIT5HB[IM] IF
M s T3 R A AR AL 2 2004 :10-62.

PAN ] H. The design, Manufacture and Test of
the Aspherical Optical Surfaces [ M]. Suzhou:
Suzhou University Press, 2004:10-62. (in Chinese)

(5] W 3R . $ 3 T. Zemax HAFLE B4 = KT
g RGNV R R T R T ] R M E L
#£,2004,12(3):270-274.

YANG X F, ZHANG X H, HAN CH Y. Applica-

RGP B n A R R R BUNEEOR BT
TR R A U e ZH R gL iR TR
iR ARG HE K U S S 5 2 2 TR M 25 Bk
P T ZH RGN L. M T ZH O R
G ST ZH RGOS %S [E -
VM ZH RGBT/ R Bt 1 A
JAG s g S BRIk 2L AR B T )

tion of zemax software in alignment of three-mirror
off-axis aspherical optical system[J]. Opt. Preci-
sion Eng. ,2004,12(3):270-274. (in Chinese)

(6] skarde, T Ak, 3k k0. — IO 462 (U E8 4% T 1Y

Py J] KAZ I K FF IR, 2006 , 29(4):
30-32.
ZHANG J CH,DING Y L,ZHANG H W. A meth-
od of adjustment for four-dimensional optical system
[J]. Journal of Changehun University of Science
and Technology »2006,29(4) :30-32. (in Chinese)

[7] BURGE J H. An easy way to relate optical element
motion to system pointing stability [J]. SPIE,
6288:628801-1-628801-12 (2006).

(8] X &, FFH#, BFAE.F. KORRIDEY ARG

WRERITRLI] & F # % T &,2005,13
(supp. ) :1191-1196.
LIUL,LIJL,LV QT, etal.. Research on adjus-
ting device of large aperture reflective optics system
[J1. Opt. Precision Eng. 2005, 13 (supp. ) : 134~
137. (in Chinese)

9] At.d=8,.%LF.F. KT WMEE & 5 HE

Tk P[] ], 65 A E T 42,2010,18(8):
1760-1765.
QIAO J,GAO Y G,HAN G Y,et al.. Fast align-
ment of Coude optical system in alt-alt two axis
tracking turntable[ J]. Opt. Precision Eng. , 2010,
18(8):1760-1765. (in Chinese)

[10] KORSCH D. Reflective Optis[ M]. New York:

Academic Press. INC. , 1991:152-206.



%8

el B, % . &0 E ZH RFE A2 A 1749

EER N

AL 2A977—), B, B M A A+
W e FENF AN AR 50
IS BFSE . E-mail: hxhe2000@163.

com

BIRE (1949—) , 5, M db BRI 5T
D e el TN = IR N 0 ) =
ARG H LAY, E-mail: pes@163.

com

B A972—) . B . 2 KA L5
5 BRTHESE T ) 40 A0 62k TR K 4L
SR R G B R R . E-mail: zazqs

@ sohu. com

O FHHE
IKESHREE X HEEXEREHNEH

A HED B HERLERRR L FHI HRART
(LERAF AEBARRARTHEASLRE, K 400030;
LHEIRYEFE R BALRTHAEF O, H %M 621900)

T TSRS WA 1 249 SR SR A 1 SR A R A5 8 T IR A TR AR 23 A9 BB RE T D R XIS R A A
R GTEEIE I T BRI i SR AT AR o OO AR PR A SRR T L 2 AR AR AR O 143, 3 mm, A
Hh [ R ) BRI 5 e O SR AR TS PG 1 ORI SR TS il R AT TR X RO RR S .
R WA 40 mm X 30 mm {8 B JCA5AR 11 D B SO B L A 2036 A P 4 o g XA 4R 1 R AR
P o el ] T A 552 0 IR O D i) DX I 4 1) 2 A o PR A S R T 257l o (A 1) XS Ol AR O 3 ()
BEARLY Ny 83,3 pm. SLHGZE R RW] ZBR T S AR T X SR s .



