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SUMMARY: 

In this report all activities are presented during the first period of the project 

'Development of methods for numerical error correction of machine tools'. A quick 

overview is given of the activities of the partners concerning the project according to 

the BCR -workplan. Also a summary of the activities during the next period, which 

willend in November, is shown. 
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INTRODUCTION 

During the introductory meeting, which took place at Maho, Pfronten, October 24th 

1989, all partners agreed tostart the project on November 1st 1989. They also agreed 

to have several meetings each year, starting February 15th 1990 at Eindhoven 

University. These meetings, which will take place at different locations, will be used 

to exchange experience and to discuss models, measurement methods etc .. TUE will 

take care of the proceedings and the agenda of the meetings. 

The milling machine, as delivered by Maho April1990, has been installed at TUE. 

TUE has prepared a laboratory and has taken care of the facilities to make it possible 

to install the Maho milling machine and to perform the necessary experiments and 

measurements. All partners agreed to contribute their knowledge concerning these 

activities. 

Prior to the delivery of the milling machine, Philips delivered a Demo-controller and 

communication software to simplify the development of the software to control the 

milling machine by an IBM compatible computer. This computer also controls all 

measurement equipment. 

During the second meeting at Eindhoven University first results were discussed. 

Activities for the next period were planned, according to the workplan of BCR, and 

some preliminary agreements were made. 

OVERVIEW OF ACTlVITIES ACCORDING TO THE BCR-WORKPLAN 

In the next part the activities and results of the first half year period are described. 

A. Classification of Machine Tools and their Specific Errors 

Participants: TUE, Maho, Philips 

At the second meeting, which took place on February 15th 1990, Maho and 

Philips agreed to produce a first classification of different types of milling 

machines and their most important errors. TUE will use this information to 

make the final classification which will be suitable for modeHing the geometrie, 

theemal and finite stiffness related errors. 
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B. BiblioiiJphical Studies 

Participants: TUE, PTB 

TUE bas provided a database system capable of containing all relevant 

literature. This system can be used on every IBM compatible computer. All 

partners agreed to use this system and add their literature used in this project. 

They will send the information to TUE using ASCII datafiles.The database will 

be updated several times a year by TUE. The database system contains the 

following information per item: 

- Author 

- Title 

- Souree 

- Keywords 

-Summary 

- Place and partner where the artiele can be found. 

C. A&reements. Standardizations for the Exchange of Data 

Participants: TUE, PTB, Philips, Maho 

For the exchange of information on errors an agreement was made to use the 

so-called 'VDI-notation' to indicate the geometrie error components. For 

translational errors iTj is used, for rotational errors iRj and for squareness errors 

iSj, where i, j = x, y, z. 

To exchange data on temperature and geometrie data all partners agreed to use 

the VDA-data-format [DIN 66301]. This format bas been chosen, because PTB 

is already using this format and a first version of both a program (written in 

Turbo Pascal) and a manual are available. The program uses standardized data 

elements, but it is also possible to define new elements by the participants 

during the project. 
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D. Geometry Error Models Includin~ Finite Stiffness 

Participants: TUE, PTB, Philips, Maho 

TUE has developed a general error model which can be applied to multi-axes 

machines of arbitrary configuration. The model relates errors between the actual 

and nominallocation of the tooi with respect to the workpiece, to errors in the 

relative location of coordinate frames attached to succeeding componentsof the 

machine. Such errors describe the difference between the nomina! and actual 

geometry of machine parts enclosed by two frames and can be related to the 

respective geometry, finite stiffness and thermadynamie behaviour. Future 

research will be focused on modeHing these, so called, component errors. PTB 

has developed a similar, less complicated, model, whose use is restricted 

currently to three axes machines. Since a similar result can be obtained using 

the TUE general model, all partners have agreed to use this model as the basic 

component for the numerical error correction. 

To model and/or estimate the error components PTB and TUE are investigating 

a different approach. 

TUE directly measures the error components on the five axes milling machine 

using laserinterferometer, inductive displacement sensors and electrooie 

levelmeters. These instruments are controlled by an IBM compatible computer 

together with the five axes milling machine. 

PTB focuses on the indirect acquisition of machine tooi error components using 

testworkpieces. Workpieces are milled, using their own five axes milling 

machine, and measured afterwards. These workpieces are constructed to map 

the different machine errors separately. The following steps have been made: 

Conception of a workpiece to record geometrie errors, backlash of the 

machine axes and symmetry of the control loops, 

Development of methods to map the machine tooi errors for different 

types of workpieces (lD to 3D) and for different orientations of the tooi. 

This includes algorithms for the analysis and estimation of the errors. 

Machining of workpieces under equal operating conditions to prove 

repeatability of the process. The recorded state of the PTB milling 

machine is defined as a reference state. 
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E. Thenno-mechanical behaviour 

Participants: TUE, PTB, Maho 

PTB also uses test workpieces to investigate the thermomechanical behaviour of 

the machine. During the warming up period of the machine a test workpiece 

was processed. To find a relation between geometrie errors and the temperature 

distribution of the PTB machine, the temperature was measured on several 

places. Also a special workpiece to record the zero point drift is being prepared. 

TUE bas prepared a first measurement setup to measure thermomechanical 

behaviour by displacement sensors, during warming-up and cooling down 

period. To measure the temperature, TUE bas prepared a 60-point temperature 

measurement station, including a calibration setup within the range from 15oC 

to SO<>C. Approximately 40 sensors have been attached to the milling machine at 

different positions. A sketch of the machine and the temperature sensor 

contiguration is presented in Figure 1. 

Figure 1: Temperature sensor configuration. 
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To detect translational and rotational errors a measurement station, based on 

inductive displacement sensors, has been prepared by TUE. A maximum of 6 

sensors can be used to measure local displacements, which can be combined to 

analyze deviations in the relative orientation and position between tooi and 

workpiece. 

During this investigation special attention will be paid to the major error 

sources, which are indicated by previous measurements at Maho's laboratories. 

ACTlVITIES PLANNEP FOR THE NEXT PERIOD 

On June, 27th 1990, the next meeting will take place at Eindhoven University. 

During this meeting there will be a discussion about the error model concept. When 

all participants agree, TUE can workout this concepttoa model, which will describe 

the geometrie error structure. Measurement setups, developed workpieces and 

proposed measuring methods will also be discussed. Based on this discussion the 

research program for the next period will be defined, following the schedule as given 

in table I of annex I. 

The classification of machine tools will also be finished during the next period. Also 

some agreements have to be made for the exchange of measurement data. All 

participants will continue their activities on modelling, development of reierenee 

objects and measurement and estimation techniques. The measurements will be done 

at PTB and TUE. Simulations will be designed and carried out to test the first 

concept of error compensation by both PTB and TUE. 

Although there was a serious delay in the delivery of the milling machine, there is 

currently no direct need to change the workplan. During the next period TUE will 

pay more attention to measurements on the thermomechanical behaviour of the 

milling machine, because preliminary measurements have shown that this behaviour 

determines the machines performance in a very complex and important way. 

Philips has raised a team, which will prepare their control software to make error 

correction on the Maho milling machine possible on different levels of complexity. 

There will be a close cooperation between the partners and especially with TUE, 

where the error correction will be implemented and tested on the Maho milling 

machine. 
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