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The measurement method of heliostat surface shape error based on
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Abstract: In the tower solar thermal power plant, the heliostat mirror shape errors have an important impact
on the optical efficiency of the heliostat field, so it is necessary to measure the heliostat surface shape error.
The heliostat is generally made up of splicing multiple sub-mirrors, the tilt angle error of the sub-mirror is an
important part of the heliostat mirror shape errors. This paper proposes a measurement method for the tilt
angle errors of the heliostat sub-mirror based on the photogrammetry. That is, under the condition of known

the shape size of the heliostat sub-mirror, the spatial position coordinates of the 4 corner points of the helio-

WeiE B #5:2021-12-06; 1&1T HEA: 2022-01-04
EEWH: Rl ARR S EITH (No. 2019J01876)
Supported by Fujian Natural Science Foundation of Fujian Province (No. 2019J01876)


http://dx.doi.org/10.37188/CO.2021-0210

426 RED2E (RgEs)

#16 %

stat sub-mirror are calculated by using the principle of photographic imaging. Then the normal direction of

the sub-mirror is found, and the tilt angle of the sub-mirror is calculated by using the normal line obtained.

Finally, the measurement for the tilt angle error of the heliostat sub-mirror is achieved. In this paper, the

measurement principle of the method is elaborated, the calculation formula is derived, and relevant verifica-

tion experiments were carried out using planar mirrors and cameras. By measuring the plane mirror with dif-

ferent tilt angles at different distances, the deviation between the measured tilt angle and the actual tilt angle

of the plane mirror is about 0.1°~0.3°, and the experimental results show that the method can accurately

measure the tilt angle error of the sub-mirror of heliostat, thus the correctness and feasibility of the method

are verified.

Key words: heliostat; sub-mirror; photogrammetry; normal direction; tilt angle; surface shape detection
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Fig. 1 Schematic diagram of the measurement principle
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Fig. 2 Schematic diagram of submirror plane imaging
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Fig. 3 Schematic diagram of the experimental apparatus
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Fig. 4 Flat mirror photos taken by the camera at 1.3 m
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Tab.1 Detection result of tilt angle at 1.3 m

B cbill Sebrigifa/(0) AR /(%) W)
1 10.28 10.332 +0.052
2 11.61 11.679 +0.069
3 13.76 13.747 -0.027
4 15.41 15.630 +0.220
5 16.86 16.985 +0.125
6 18.43 18.550 +0.070
7 19.48 19.667 +0.187
8 20.51 20.614 +0.104
9 21.17 21.230 +0.060
10 22.01 22.249 +0.139
11 24.25 24.505 +0.255

1T i e P G BT s IR O A A AR
FRABAR, PR 1 v DB Af 7 — A by ) T
KR 247 S B2 S U AR AR e TS P X A
AR I 45 R AT A5 T R A5 2 )1 T 5 A

0.30
0.25
§ 020}
kS
3015}
8
2 010+
c
<
0.05}
0
W N~ O M 0 o N~ - W0
N©woso<InH-dod
O = M O © 0 O O I N <
A Hd d N N NN
Angle/(°)

K5 1.3 m AbfhREDRZEREITIN A 5 A8 A AR AR 1A

Fig. 5 Histogram of angular deviation varying with the

measured angle at 1.3 m
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Fig. 6 Spatial position map of 4 corner points of a planar

mirror simulated by Matlab program
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Fig. 7 Flat mirror photos taken by the camera at 1.6 m
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Tab. 2 Detection results of tilt angle at 1.6 m

L2 5 BRI/ DA /C°) R/
1 82.21 81.936 —0.274
2 78.31 78.419 +0.109
3 71.50 71.647 +0.147
4 64.98 64.533 —0.447
5 59.97 59.808 —0.162
6 56.89 56.574 —0.316
7 50.66 50.502 —0.158
8 4521 44.845 —0.365
9 41.84 41.743 —0.097
10 34.72 35.617 +0.103
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mirror simulated by Matlab program
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Tab.3 Measurement results for the mirror with the tilt angles of 16.81° and 10.28° at different distances
Ko fisifa () BR2E(°)
SEH2H ) FE#S/m R ZEN(0)
10.28° 16.81° 10.28° 16.81°
1 0.8 10.478 16.985 +0.198 +0.175 +0.186
2 1.0 10.345 16.819 +0.065 +0.009 +0.037
3 1.2 10.359 16.654 +0.079 —-0.156 —0.038
4 1.4 10.278 16.639 —0.002 -0.171 —0.086
5 1.6 10.342 16.481 +0.062 -0.329 —0.134
6 1.8 10.250 16.586 —0.030 —0.224 -0.127
7 2.0 10.213 16.657 —0.067 —0.153 -0.110
8 22 10.241 16.523 —0.039 —-0.287 —-0.163
9 2.4 10.189 16.481 —0.091 —-0.329 —-0.210
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