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Abstract In order to improve the light energy utilization of equipment for measuring high-temperature optical
parameters of materials and obtain better irradiance on the surface of the sample to be tested, a semi-ellipsoidal
reflector is applied to the equipment. First, the equipment for measuring high-temperature optical parameters of
materials and the role of the semi-ellipsoidal mirror in the equipment are introduced. Then, the optical
characteristics and surface shape changes of semi-ellipsoidal mirrors are analyzed by using ray tracing and finite
element analysis methods, and the influence of surface shape change of the semi-ellipsoidal mirror at 30 °C on optical
characteristics is analyzed. Finally, the shape of the inner surface of the semi-ellipsoid mirror is measured by the
three-coordinate measurement instrument, and the simulation results are verified. Experimental results show that:
at 30 °C, the root mean square (RMS) of the deformation of the semi-ellipsoidal mirror after removing ellipsoid
deformation is 2.15 pum, the irradiation uniformity obtained by using a @15 mm blackbody radiation source is 61%,

the energy utilization is 7.6%, and the RMS is 5.75 pm measured by the three-coordinate measuring instrument.
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This study provides a new way to measure high-temperature optical parameters of materials.
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Table 1  Optical tracing parameters of semi-ellipsoid mirror

Modeling project

Setting type

Inner surface of semi-ellipsoidal mirror

Golden mask; reflectivity of 98. 3% ;

parameters in model: A=0.0001, B=0.015, g=2

Radiation source is lattice point light source; each wavelength

Blackbody radiating surface

(2 pm, 5 pm, or 16 pm) traces 29701 rays; radiation angle is 120°

Surface of sample to be tested

Surface is set as a perfect absorber with a radius of 2. 5 mm
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Fig. 3 Ray tracing result of semi-ellipsoidal mirror
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Table 2 Light energy utilization when point light source is located at different positions

o . At +2.5 mm in
Position Focus position

x direction

At —2.5 mm in

At +2.5 mm in at —2.5 mm in

x direction y direction vy direction

Light energy
o 95. 0 17.0
utilization /%

17.0 12.5 12.5
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Fig. 7 Surface shape changes of semi-ellipsoidal reflector under different temperature loads.
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Table 3 Deformation of working surface of semi-ellipsoidal reflector at different temperatures
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Maximal deformation /mm 8.243X10°° 3.049X107* 6.105X10°* 9.160X 10 * 0.122
Average deformation /mm 2.971X10 ° 1.767X10 * 3.537X10 * 5.300%10 ° 0.071

F 0 53 A 465 SR T, 22 2 A R S S A Y T
A 30 °CLEETH A RMS K 9. 21 pm , 55 1 22 &
BEK A W] BB 24 M R i R K . H 2 R
BAE S B el a8 AR KA BB AR . R AR R R
SffifR— T b RS SR A AR
o T IE K 2 R S R i ) 2 A R v 1 A
Wik, RGO X R BRI RO AR 4
R M ERIE A5 | RMS 0 2,15 pm,

4 EMEER PR B BT as R iE

Xb T A SO 5 ) 4 RO BEOR 19 &R B AT A
FHILART B A5 D 7 A 5 T3 R i 31 B8 1 A 4R e fE
T R 5 AR SR A A AT RE A BEAR Y 25 2R
JIt LA RCRE A 2 i ) T AE BB 2 1 M 86
PR BT A rh A B B B AR A B AR 25 X
ZA Gk E B2 R L T S K O RE R T R AT O &R e

b o

HT T 24 A 3K S S 5 1 TR IR RE B AR AR R
+5 CL B H AR TARRET i i B2 A2 1 = B
T FE A2 P X~ A R S S5 B ) i g 20 R DL e
PRI RZ W D7 FC I 3 3l RS 56 IR D I A 4 5t
PR FEMRE & D42 5 mm, F XA BR T 4 B 15
I A 2 A0 2R B S B AR T Y T A AR B ol i T
A G153 Zernike R, 7l i LGB L 19 T7
503 M TR 78 A 1 0 21 A R S S 5 1 A S A g
AR, i 2 AR A RT3 Rl R A£E 30 T
DU o 2 BRI 45 10 T AR A O L 3 5 DL 2R 5
(75 15 73 30 °C TR M BR S B A A IR 2 5
RE I AT S5 RN 8 s .

3 2ok Xk A A S R R AT 015 BB B 25 i A0
TR ST 6100 RERFI IR N 7. 600, F
At ok 2 45 ek B2 8 7 A I A 23 0 5L 1) fE R T R

0608002-6



6 H3/2021 &£ 3 A/F2H

F41% F

Irradiation /(10* W-m~2)
16

Vertical coordinate /mm
-10 -6 -2 2 6 10

-10 516 T
14 E 14+ W
12 g -6 ? }(2) B " /w \ vertical
' S 10 /
10- g -2 S /Jf :
8 ?1 E 6 \/ /\
6 S i horizontal '\"-\
5 404 V
4 "caé 2F \
2 10 t: 0 1 1 1
0 ~190 -196 -202 -208 =-209.8 -203.8 -197.8 -191.8
2 /mm Horizontal coordinate /mm

Bl 8 30 CIE Ml T A% I I 7E 75

N0 it 2 THD T G e REEE

Fig. 8 Irradiance formed by the black body radiation source on the surface of the sample to be tested at 30 C
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