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Research on the influence of the angle error of

Pechan prism on optical axis consistency
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(The 11th Research Institute of China Electronics Technology Group Corporation, Beijing 100015, China)

Abstract : In the peripheral scanning imaging system, it is necessary to eliminate image rotation through specific opti-
cal components. The Pechan prism is one of the most commonly used derotation elements. Because the angle error of
the prism has a greater influence on the optical axis of the system,the requirements for the angle error of the Pechan
prism are very strict. The vector form expressions of reflected light, refracted light and rotation of the three-dimensional
coordinate system are derived in the paper. Then the angle error analysis model of the Pechan prism is established. On
this basis, the direction vector of the exit optical axis,which after the incident optical axis is refracted and reflected by
the Pechan prism,is analyzed. The direction vector of the optical axis emitted from the Pechan prism and its deviation
relative to the incident optical axis are calculated based on Matlab. By comparing with the ray tracing simulation re-
sults and experimental results,the correctness of the established model and the analysis and calculation process is ver-
ified. The problem of four crosshairs in the prism bonding process is explained, which has a guiding role in the pro-
cessing of the prisms. At the same time, the gluing efficiency and the accuracy of the optical axis consistency of the
prism are improved.
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Fig. 1 Composition of Pechan prism
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Fig. 2 Schematic diagram of the vector form of
light reflection and refraction
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Fig. 3 Coordinate system rotation model
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Fig. 4 Pechan prism angle error model
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Tab. 1 The theoretical value of the deviation of the incident optical

axis from the incident optical axis after passing through the Prism
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(0,0,0,0) (0,0,1) 0 0 0
(1.2,0,0,0) (0, =0.000240,0. 9999997 ) 0 49. 46 49. 46
(0,2.4,0,0) ( =0.000372,0. 000002 ,0. 999999) -76.82 0.04 76. 82
(0,0,3.6,0) (0, -0.000380,0. 9999993 ) 0 —-78.26 78.26
(0,0,0,4.8) ( =0.000745, —0. 000001 ,0. 999997 ) —153. 68 -0.18 153. 68

(3.6,-10,10.8, -10) (-0.011169, —0.006210,0.999918) 165. 60 -49.32 172.79
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Tab. 2 The theoretical value of the deviation of the incident optical axis from the incident optical axis
when the incident optical axis is reflected back to the object by the different surfaces of the prism
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EH (0.001885,0. 000551, —0. 999981) 388.80 113.76 405. 10
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Fig. 5 Optical path diagram of symmetrical optical system
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Fig. 6 The model of the optical system in LightTools
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Fig. 7 The image formed by the refraction and reflection of

the light source through the normal optical path of the prism
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Fig. 8 The image formed by the light source reflected at

different positions of the Prism
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Tab. 3 The simulation value of the deviation of the
incident optical axis from the incident optical axis after

the incident optical axis passes through the Prism
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Tab. 4 The simulated value of the deviation between
the incident optical axis and the incident optical axis
when the incident optical axis is reflected back to the

object from different surfaces of the Prism

L& Ax/mm | Ay/mm 0, /(") 0, /(") 0/(")
a 0 0 0 0 0
b 0. 084 0. 025 182. 00 54.17 189. 89
¢ 0. 093 0.026 201. 50 56.339 209. 229
d 0.18 0. 054 385. 66 117. 00 403. 02
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different surfaces of the Prism
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