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摘要

I

摘 要

随着数控机床向高速且高精度的方向发展，滚珠丝杠的精度要求也随之升

高。滚珠丝杠的摩擦力矩是丝杠性能的一个重要指标。在国内，丝杠摩擦力矩

的检测还处于一个比较落后的阶段，目前中小丝杠企业大都采取靠工人手感来

判定摩擦力矩是否符合标准。本文结合南靖长青精密丝杆制造有限公司的现有

设备，在其基础上研制了滚珠丝杠摩擦力矩动态检测系统，实现摩擦力矩检测

的自动化。

本文从滚珠丝杠传动的特点出发，分析了滚珠丝杠摩擦力矩的产生机理。

基于对预紧方式的介绍，以 Hertz接触理论为基础，计算后得到了预紧力对摩

擦力矩的影响规律。通过使用简化的反向器力学模型，对滚珠进出反向器产生

的摩擦力矩波动性进行了分析。最终构成了整个系统设计与验证的理论指导部

分。

在系统硬件部分，基于系统的设计要求，先对整个硬件系统做了总体设计。

而后分运动控制系统、伺服系统、数据采集系统和电气控制系统四个方面对系

统进行详细的设计。通过对运动控制卡、伺服电机、数据采集卡、电气元件的

选型，实现了运动控制系统的半闭环控制、数据采集系统的结构设计以及配电

系统的电路设计。

上位机软件部分，使用 Visual Basic语言编写，具有十分良好的人机界面。

以模块化的程序设计理念，将软件划分为参数输入模块、电机控制模块、数据

采集模块、数据回放/保存模块。通过使用运动控制卡、数据采集卡自带动态链

接库内的函数，实现了系统的检测自动化。

最后进行了实际检测的试验，使用采集的样品数据对螺母轴向速度进行验

证，通过对摩擦力矩的检测数据进行 FFT快速傅里叶变换，得到摩擦力矩频谱

图。实际采集的数据与分析计算的结果都与理论部分相符，从而验证了整个系

统的功能和运行的稳定性。

关键词：滚珠丝杠；摩擦力矩；控制系统；摩擦力矩波动
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ABSTRACT
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ABSTRACT

With the development of CNC machine tools to high speed and high precision,

accuracy requirements of the ball screw have also increased. The friction torque is an

important index to ball screw. In our country, the detection of friction torque is still

in a relatively backward stage, small and medium-sized enterprises determine

whether the friction torque is in accordance with the standard by workers feel mostly.

So this thesis developed a set of ball screw friction torque dynamic detection system

with the existing equipment in Nanjing ChangQing precision screw manufacturing

Co., Ltd, it realizes the measuring process autoimmunization.

In this paper, with the introduce of the transmission characteristics of ball screw,

the generation mechanism of ball screw friction torque has been analyzed. Based on

the pre-load mode of ball screw and Hertz contact theory, the effect of pre-load on

the friction torque can be found. By using a simplified mechanical model of return

system in ball screw, the influence of collisions between ball and return tube on

friction torque has been analyzed. At last, these constitute the theoretical guidance

part to the design and verification of the whole system.

In the hardware part, based on requirements of the system, the overall design of

the system has been done. Then this these introduced the design of the motion

control system, servo system, data acquisition system, electrical control system.

Through the selection of the motion control card, servo motor, data acquisition card,

electrical components, semi closed loop motion control system, structure design of

data acquisition system, and circuit design of power distribution system have been

completed.

In the software part, with the use of Visual Basic language, the software has a

very good man-machine interface. According to the modular program design method,

the software is divided into four modules: parameter input module, motor control

module, data acquisition module, data playback / storage module.Through the use of
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dynamic link library of Motion control card and data acquisition card, the system

realizes the automatic detection.

Finally, in the actual detection part, axial velocity of the nut has been validated

with the actual data, and by using the FFT Fourier transform to the actual data, the

friction torque fluctuation has been analyzed. The actual data and calculation results

are consistent with the theory, this verify the function and the stability of the

detection system.

Keywords: Ball screw; Friction torque; Control system; Friction torque fluctuation
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