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厦门大学硕士学位论文                                                                    摘要 

I 

摘 要 

随着光学元件的设计与制造技术的发展，目前光学元件，特别是大尺寸光学

元件已经广泛应用在航空、航天、国防等各个行业中，因此对大尺寸光学元件的

加工与检测提出了更高的要求，精密检测技术也成为近几十年来世界各国研究的

重点。 

精密检测技术是精密加工技术发展的基础和先决条件之一，而精密检测平台

是实现精密检测的保障。精密检测平台的开发与设计包含了系统结构的设计与完

成、系统的调试以及系统误差的检定等诸多方面的内容；开发了光学元件检测系

统软件，可以针对不同的光学元件规划不同的检测路径，对检测所得的数据进行

分析处理获取元件的实际面形参数，并与给定的元件理论面形参数进行比较，评

定光学元件的表面加工质量。 

本文针对项目中大尺寸光学元件精密检测的需求，开发了一台测量范围为

430mm×430mm×200mm 的大尺寸光学元件精密检测平台，主要研究内容包括： 

1、完成了整个精密检测平台硬件系统的设计与搭建。本平台采用性能稳定

的大理石作为主要结构材料，并根据系统的需求而搭建成固定桥式结构；采用平

板直线电机作为驱动机构；应用接触式和非接触式检测系统来获取被测元件表面

数据，整个系统结构稳定，性能可靠。 

2、完成了整个精密检测平台控制系统的设计与调试。控制系统采用了由计

算机、控制卡、驱动器、直线电机、光栅尺等部件连接而成的闭环控制系统。在

系统调试完毕的情况下，通过上位机控制软件的控制，实现对平台误差的补偿，

并可针对不同光学元件而实施各种不同的检测路径。 

3、实现了对影响精密检测平台各种误差因素的分析与理论补偿模型的建立，

并通过现有手段对机械几何误差进行了标定。主要针对检测平台的机构误差、单

项几何误差以及力变形误差等几种误差，分析其对检测结果的影响，并通过实际

测量评定，获取可靠的补偿数据，为后期的数据补偿提供依据。 

关键词：大尺寸光学元件  精密检测  误差检定 
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II 

Abstract 

With the development of the optical components design and manufacturing 

technology, optical lens especially large-size optical lens have been widely used in 

aviation, aerospace, national defense and etc, so the processing and measurement of 

optical components have become the research focus in today’s word, and this also put 

forward higher requirements of precision metrical technology. 

Precision measurement technology is the prerequisites for the development of 

precision processing, and precision metrical platform is the basis to achieve precision 

measurement. The design for precision metrical platform including architecture 

design, the control system debugging and the error evaluation and etc, all of these 

done can carry out the measurement of the optical elements been gave. After the 

measurement completed, the data got by the measurement should be analyzed and 

compared with the given surface parameters, so can assess the quality of surface 

processing of optical components. 

The project based on the requirements for the measurement of large-size optical 

components, a Precision Metrical Platform has been developed. The main work can 

be described as follows: 

1．The hardware system of the precision metrical platform has been designed and 

built. The marble has been used as the main structure material for the platform, the 

bridge style construction has been selected as required. The flat linear motor was 

chose as the drive mechanism, the contact and non-contact detection system have 

been used to measure the optical elements. The whole system has a stable structure 

and reliable performance. 

2．Completed the control system design and debugging of the precision metrical 

platform. The closed-loop system made of computer, control card, drive, linear motor, 

linear encoder was used by the control system. As the system debugging finished, the 

platform error compensation can be realized by PC control software, what’s more a 
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III 

variety different measuring paths can be supplied for different optical components. 

3．The analysis of the error factors was realized and the theory of compensation 

model was built, the geometric errors of the platform also be calibrated by existing 

means. The platform error calibration including mechanical error, single geometric 

error and etc, and an analysis on the impact of the measurement result was done. The 

compensation data was got by the error measurement, it can provide the basis for the 

later compensation. 

Keywords: large-size optical elements；precision measurement；error calibration 
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