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Parameter measurement of thermal effect of high-energy
laser material based H-S wavefront sensor

FAN Hongying, ZHANG Hao, ZHAO Qi, JIANG Zewei, JIA Jing, CHEN Hao
(Southwest Institute of Technical Physics, Chengdu 610041, China)

Abstract: In order to measure thermal effect parameters of high-energy laser material on-line, a testing device with aperture
of 50mm was specially designed. Collimating He-Ne laser was used as light source. The optical-path difference of testing beam
after passing the material was measured by Hartmann-Shack wavefront sensor. According to wavefront aberration decomposition
theory and wavefront transformation relationship, thermal effect parameters of high-energy laser material were gotten.
Measurement uncertainty of the device was analyzed and evaluated. The system parameters which affected measurement
uncertainty were calibrated. Finally, a comparative experiment of measurement uncertainty was designed and completed. The
result shows that, the measurement uncertainty of system wavefront aberration is 0. 06A. The measurement uncertainty is 8.4%

with thermal focal length of 30m ~ 120m. The system can be applied to measure thermal effect parameters of high-energy laser

material online.
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Fig. 1 System configuration of measurement system of thermal effect in a

solid-state laser rod

2 RERNEITREM
2.1 EHEWEERS

BORUMEE TR AR A KT D50mm [ 1
1506, TR T A ME B AT R AE e 3 B o e
He-Ne WO LR R HAT E 5 I AT, #98 EHORAS
FRBR, M S B A v T T, {EE A KA ik
RABAR 18 AR GE WS O G E M L RIE , PRI B %

R GO R T5 3, BRGOIR 10 £, I HEZORY R
RV E Y 7 R {E (root mean square, RMS) /N
A/30,A i He-Ne UG o X HAE, 208 — 0y A
HARGE M He-Ne BOEGARBIBOK 100 £, 7] LIE K
PR T T
2.2 3R

SrGEE AR R K O A% i R BE A 1055nm 3
J65 633nm 30 73 I, R 3 06 B B AT R K &
B, MBSO A0 497 180 v L3z S AT/ o AR AR DR

Bhn S L AR, Wit kS w b O R

S100mm ; RSG5 292 10550m K &
S, 52 B4 453 1B (B AS 71N 3000/ e 5 45 1K )i 375 S
R ATIEAH ( peak-to-valley , PV) /NF A/10@ 633nm,,
2.3 HRILE RS

SR UNES SR (A PR NN SRl & PN =
AT 2/ N I AT R B T | B RGERT
TSR R G, WK 2 s, YIia s L iy Enfs
T, 75 L AR f, IR ES L, 15 R, i 5
L, BOFERECA f, , ANy 2145 T A G AR

S RT S  E

A MO RGEHORR 57,0, S0 GRYN SR i A0tk
SO R RSB R, 0, 2RI | FOtAAER
A7 B85 D (0 A A 5 o IS S e ] i,
ARG E A LKA R, = Mr, f1 O, =6,/M, {1t a]
ORI AL A T PR T L 0 90 9 28 TIOR3 TR
LR, QB R G422 , i n] SCB T B R AR T Y
I RIPRE DGR 22 F A 0 22 B e R T

________________

A A S )

Fig.2 Keplarian resizing telescope
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Table 1 ~ Structure data of Keplerian resizing telescope

surface No.  radius/mm  thickness/mm aperture radius/mm  glass
1 275.4 7.2 30 H-K9L
2 -179.47 6.0 30 ZF1
3 -570.2 472.91 30 AIR
4 28.18 1.5 6 ZF1
5 12.942 3.1 6 H-K9L
6 -41.30 0 6 AIR
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Fig.5 CCD camera image
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Table 2 Structure data of Keplerian resizing telescope

test number ~ RMS/A  PV/A test number ~ RMS/A  PV/A
1 0.053  0.289 6 0.058  0.337
& 0.054 0.275 7 0.061 0.382
3 0.055 0.319 8 0.054  0.325
4 0.057 0.311 9 0.056  0.359
5 0.056  0.307 10 0.057  0.266
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Table 3 Results of comparative tests

standard lens or results of long  testing results of

F,-F
focal length measuring system designed system  E = ‘ P ‘
VU +U,?
F\/m U, Fy,/m U,
38.86 1.01 38.24 0.97 0.44
58.17 1.50 57.74 2.30 0.16
125.4 3.3 118.3 9.9 0.68
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Fig. 8 Measurement results of thermal focus length of 500] solid-state laser
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