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Abstract: Stressed polishing technology transforms aspheric fabrication into spherical fabrication by applying pre-
determined loads on the surface of the mirror. The key to achieve high precision of stressed polishing is to test the
surface deformation with high precision. Stereoscopic phase measuring deflectometry was used to test the surface
topography and the deformation of stressed mirror. After obtained unwrapped phase distribution, and combined with
normal consistency constraint and gradient integral algorithm, the height distribution was finally obtained. Composi-
tion of systematic errors were simulated. Also, the errors were calibrated and removed by N-step averaging method
in this system, which improved the measuring precision. In this paper, the surface topography and the deformation of
a stressed mirror with a diameter of 320 mm, spherical radius of 5200 mm were measured. The measuring results
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were consistent with the corresponding result of CMM and finite element simulation, indicating that this proposed
method is on the level of micron in terms of accuracy and more suitable for the test of stressed mirror compared with

interferometer and CMM.
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Fig. 1 Schematic diagram of the measurement system
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Fig. 2 Schematic diagram of stereoscopic PMD
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Fig. 5 Stressed mirror under test. (a) Side view of the rotating support structure;
(b) Schematic diagram of support points distribution on the back of the mirror
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Fig. 7 Fringe image in the vertical direction. (a) By lower camera; (b) By upper camera

190435-4



https://doi.org/10.12086/0ee.2020.190435

PV=3.368 mm RMS=0.817 mm PV=3.407 mm RMS=0.830 mm
@ o 0
3.0 3.0
100 ‘ 25 100 2.5
2.0 2.0
£ £ :
£ 200 15 £ 200 15
1.0
300 300 1.0
0.5 0.5
400 0 400 0
0 100 200 300 400 0 100 200 300 400
/mm /mm
PV=3.579 mm RMS=0.870 mm PV=3.542 mm RMS=0.859 mm
@ o e o
35
3.0 3.0
100 : o5 100
2.0 2.0
£ 200 € 200
E , 15 £
300 1.0 300 1.0
0.5
400 400 o

0 100 200 300 400
/mm

0 100 200 300 400
/mm

PV=3.502 mm RMS=0.853 mm
0
3.0
100
2.0
€
£ 200
300 1.0
400 0
0 100 200 300 400
/mm
PV=3.420 mm RMS=0.833 mm
® o
3.0
100 2.5
2.0
€
£ 200 15
300 1.0
0.5
400 0
0 100 200 300 400

/mm

B8 6AEAETHERARAZNELR. ()0°% (b)60° (c)120°; (d) 180°; (e)240°; (f)300°
Fig. 8 Heights measuring results of stressed mirrors at 6 rotation angles. (a) 0°; (b) 60°; (c) 120°; (d) 180°; (e) 240°; (f) 300°

PV=2012.946 ym RMS=502.646 pm PV=4.53 uym RMS=0.754 ym
107
2
-100 05 -100
1
IS 0 IS
£ 0 E 0 0
-0.5 -1
100 100
-1.0 -2
-100 0 100 -100 0 100
/mm /mm
B9 A%&RENA B 10 £MA%REGHEREY
Fig. 9 Systematic error distribution Fig. 10 Mirror shape after removing
systematic errors
5N 16
12 ANSYS 1~6 5N 4
13 14
PV RMS .
4 %5 P
5N
1.68 um
15

190435-5

PV=7.879 ym  RMS=1.163 ym
1073
3
-100 9
1
E o 0
= 1
‘ 2
100 3
-100 0 100
/mm
B11 ZAAeun ey sm e R
Fig. 11 Results of stressed mirror
measured by CMM
2
PV RMS



https://doi.org/10.12086/0ee.2020.190435

PV=1.683 ym RMS=0.310 ym

-100 0 100
/mm
PV=1.682 ym RMS=0.311 ym
1o

100 0 100
/mm
{12 BAMTFaAEIRE ) W ERm B4, @) 15; b)25; (¢)3F; (d)4F; (e)5%; (65
Fig. 12 Theoretical influence function of each actuating motor. (a) No. 1; (b) No. 2; (c) No.3; (d) No.4; (e) No.5; (f) No. 6

PV=1.726 ym RMS=0.339 ym

PV=1.677 ym RMS=0.311 um

—/10*

10

-100 8
6

£ 4
£ 2
0

100 2

! AN B

-100 0 100
/mm
PV=1.675 um RMS=0.311 ym
© 1o

10

100 8

6

c 4
£ 2
0

100 2

-4

400 0 100
/mm

PV=1.722 ym RMS=0.333 ym

© PV=1.677 ym RMS=0.311 um

_/110*

-100 10
8

6

I 4
£ ° 2
' 0

100 2

L - A4

400 0 100
/mm
PV=1.676 ym RMS=0.310 um
(U 10*

10

100 8
6

c 4
g ° 2
0

100 2
4

100 0 100
/mm

PV=1.983 ym RMS=0.374 ym

(@) 1ot (b) 10 ©) 10%
10 10 10
-100| -100 -100
, 5 S ‘ 5
E o E o E o
= I 0 = 0 =~ 0
100 100 100
5 r -5 ] -5
100 0 100 100 0 100
/mm /mm /mm
PV=1.737 ym RMS=0.328 um PV=1.801 ym RMS=0.339 pm PV=1.779 ym RMS=0.329 ym
@ o . 104 (€ not M Mo
10 ' 10 10
-100 -100| -100 |
€ ° € ) € °
£ 0 £ 0 £ 0
0 0 0
100! 100 100
' — -5 | -5 -5
-100 0 100 -100 0 -100 0 100
/mm /mm /mm
B 13 SEAMEFHeEMRAENGEHEMNETLE. @15; 0B)25; €)3F; (d)4F; ()5%F; (6%
Fig. 13 Deformation measurement results of each actuating motor. (a) No.1; (b) No. 2; (c) No.3; (d) No.4; (e) No.5; (f) No. 6
3.0 y 0.5
@ | ——PMD ®)
o-
241+t 04+ 0.374
1083 0.339 ) 335 3pg 0-339 0.329
. 18 1.726 1.722 1.737 1.801 1779 £ 03 S S s
. E O
= = 0.310 0.311 0.311 0.311 0.311 0.310
S 1.683 1.677 1.677 1.682 1.675 1.676 g
B 12f g 02
——PMD
0.6 0.1 o
0 0 1 2 3 4 5 6 0 0 1 2 3 4 5 6

B 14 SRt EH 5 EaEHk. () PV; (b) RMS

Fig. 14 Comparison of theoretical deformation and measuring deformation of each actuating motor. (a) PV; (b) RMS

190435-6



https://doi.org/10.12086/0ee.2020.190435

PV=2.000 ym RMS=0.554 um PV=2.000 ym RMS=0.377 ym
(a) . Mmoo (b) * T
8

6

4

2

0

-2

4

-6

-8

-100-50 0 50 100 100-50 0 50 100
/mm /mm
()  PV=1.997 um RMS=0.354 ym 1104 PV=2.000 ym RMS=0.320 pm,
8

-100 6 -100 g
-50 4 -50 4

2 2

E o 0 E o 0
£ -2 = -2
50 -4 50 4
100 -6 100 -6
-8 -8

-100-50 0 50 100 -100-50 0 50 100
/mm /mm

B 15 471520 EARRE SR, (a) FE; (b) B (c) B £; (d) =-tHEr

Fig. 15 Theoretical target correction functions of 4 aberrations. (a) Spherical; (b) Astigmatism; (c) Coma; (d) Trefoil

PV=2.262 ym RMS=0.582 pm PV=2.000 ym RMS=0.430 pm 3
(a) no* (b) 10
8
-100
4
-50
IS 0
£ 0
50 -4
100 -8
12
-100-50 0 50 100 -100-50 0 50 100
/mm /mm
© PV=1.538 ym RMS=0.298 pm/10_4 ) PV=2.154 ym RMS=0.410 ym 0%
-100 2 -100 0.8
-50 2 -50 0.4
€
g 0 0 E O 0
50 'i 50 04
100 6 100 0.8
-100-50 0 50 100 400-50 0 50 100
/mm /mm

16 4 EEGEHEEMNER. (a) #E; (b) HH# (c) BE; (d) =-tFHE

Fig. 16 Deformation measurement results of 4 aberrations. (a) Spherical; (b) Astigmatism; (c) Coma; (d) Trefoil

A2 BEAEBELE LR ZEAM

Table 2 Comparison between theoretical aberration and measured aberration

Aberrations Spherical Astigmatism Coma Trefoil
Correction function 2.000 2.000 1.997 2.000
PV/um
Measuring results 2.262 2.000 1.538 2.154
Correction function 0.554 0.377 0.354 0.320
RMS/um
Measuring results 0.582 0.430 0.298 0.410
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Overview: Stressed polishing technology was firstly proposed by Jerry E.Nelson in 1980, considered as an effective
method of aspheric fabrication. According to the calculated results of elastic mechanics, this method exerts an external
force on the mirror to form a deformation which opposite to the desired deformation from spherical surface to off-axis
aspheric surface. Under the state of deformation, the mirror is polished into sphere surface. After removing the external
force, the required off-axis aspheric surface can be obtained. Because aspheric fabrication is converted to spherical fa-
brication, tools with large diameter can be used and efficiency is greatly improved.

The key to achieve high precision of stressed polishing is to test the deformation of mirror with high precision. How-
ever, the main methods of surface measurement nowadays are interferometer and CMM. If interferometer is used, its
dynamic range can only support the detection below micron deformation. If CMM is used, probe may scratch the mir-
ror surface, and the detection tempo is very slow. Furthermore, interferometer and CMM are both expensive and com-
plex equipments.

So, aimed at stressed polishing above micron deformation, stereoscopic phase measuring deflectometry was used to
test its surface topography and deformation. It is low cost and convenient technique and only screen, camera, and
computer were needed when implemented. More importantly, characteristics such as high dynamic range, full-field
three-dimensional measurement and excellent performance in medium and high frequency were brought in, which are
very suitable for the test of stressed mirror.

When measuring, firstly calculating the unwrapped phase distribution through CCD cameras, then calculating the
height of a specific point on the measured surface using normal consistency constraint, and finally the full-field height
distribution was obtained by Southwell gradient integral algorithm. To improve the measuring accuracy, composition of
systematic errors were simulated, proved that it mainly includes low-order non-rotational symmetry items. According
to simulating results, errors were calibrated and removed by N-step averaging method to get a absolute surface topo-
graphy.

In this paper, the absolute surface topography and the deformation of a stressed mirror with a diameter of 320 mm,
spherical radius of 5200 mm were measured. The measuring results were consistent with the corresponding result of
CMM and finite element simulation, indicating that this proposed method is on the level of micron in terms of accuracy
and more suitable for the test of stressed mirror compared with interferometer and CMM.

Citation: Chen Z Y, Zhao W C, Zhang Q C, et al. Shape measurement of stressed mirror based on stereoscopic phase
measuring deflectometry[]]. Opto-Electronic Engineering, 2020, 47(8): 190435
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