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摘  要 

激光核聚变装置、高能激光、红外热成像、卫星用光学系统、大型天文望远

镜、医疗影像设备等国家重大工程及国防尖端技术对高精度大口径光学非球面元

件(Ø400mm 以上)有极大的需求。该类元件属于硬脆性难加工材料，对非球面表

面加工精度的要求也相当高。由于大口径非球面在国防军事等领域的应用，国外

发达国家对我国实行严格技术和设备禁运。当前国内的精密、超精密制造及其装

备技术与国外相比仍然存在阶段性差距，精密级磨床无论在加工精度、加工尺寸，

还是可靠性设计、环境控制等方面都还属于实践验证。因此，加强超精密加工装

备及其关键技术开发和应用研究具有重要的意义。在精密非球面加工过程中，机

床加工所能达到的加工精度与机床、刀具、夹具、切削力、工件材料、加工工艺

以及加工环境等一系列因素有关，其中加工环境影响为外部误差。 

本文以国家自然科学基金项目为背景，以精密非球面加工环境监控技术为研

究目标，分析环境误差产生的原因，提出精密加工环境无线网络监控系统。阐述

技术体系结构，在分析了精密加工环境控制技术的基础上，设计精密加工环境监

控系统的数据库系统的功能需求。提出加工环境参数采集信号的选取、数据处理

方案及数据特征提取算法。在加工环境控制模块，提出报警子系统，通过当前数

据与系统中丰富的环境参数安全阈值数据库的比较，提出数据报警诊断算法，确

认环境状态，依需提出报警机制，达到对加工环境监控的目的。 

文中还介绍了系统开发过程中所涉及到的支撑技术，详细介绍了加工环境监

控系统的实现，包括开发环境、数据库系统的设计与实现、功能设计和实现，以

上述技术为基础设计并实现了高精度非球面加工环境监控系统的数据库系统软

件，并在 2MK1760 精密平面磨床非球面加工过程中，进行验证实验，得到应用。 

 

关键词：大口径非球面；精密加工；无线监控系统；加工环境；数据库 
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Abstract 

In the fields of laser fusion, high-energy laser, thermal infrared imaging, satellite 

optical system and large astronomical telescope, large scale aspheric optical 

lens(Greater than Ø400mm) with high surface quality are in great demand.This 

technology is in privacy protection in most developed countries, due to the special 

application of large aspheric lens. The development gap in grinding machine tool, 

especially ultra-precision grinding machine, is obvious between internal and external 

research organizations. For this reason, there is a lot of significance for strengthening 

the ultraprecise processing equipment and improving the key technology development. 

In the processing, the machining precision closely related to machine tool, cutter, 

fixture, cutting force, workpiece materials, processing technic and processing 

environment, etc. In this part, processing environment is called external error.  

Against of the background of the national nature fund project, and precision 

machining environment monitoring technology as research purpose, this paper deals 

with the study of the reason caused by environment error, and presents precision 

processing environment monitoring system through wireless network. In the paper, 

the technology structure and the function requirement of the system database have 

been stated. Selection on data acquisition, data processing schemes and characteristic 

extracting algorithmic have been stated. The paper present processing environment 

control module, which can send alarm signal by doing the diagnostic in the system, 

and make sure the processing environment is under conditions. 

The paper introduced the related technology which is used for system 

development. The paper stated the development environment, the database system 

design, function implementation, etc. In the processing of 2MK1760 precision 

machine tool running, the paper has proved the system works well on monitoring the 

machining environment. 

 

Key words ： Precision Machining; Wireless Monitoring System; Processing 

Environment; Database 
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