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Abstract 

The application of high precision measurement devices in combination with 

mechatronic positioning chucks provides for enormous progression in production 

technology. In the collaborative research centre 489 which is funded by the German 

Research Foundation (DFG) the precision forging of highly charged components is 

researched. The workpiece under examination is a gear shaft. Due to the minimum 

stock of only 30 to 80 microns the workpiece has to be precisely aligned before hard 

machining of the function elements. 

Therefore, two sensors in combination with a newly designed precision positioning 

chuck with integrated piezo actuators have been directly integrated into the machine 

tool. Due to the ability to measure steep angles, conoscopic sensors have been 

selected to ensure a save measurement of the toothing. After clamping the workpiece 

the profiles of the functional elements are measured in several sections. With the help 

of specially adapted best-fit algorithms a three-dimensional vector is calculated. This 

vector contains the necessary adjustment information to relocate the workpiece and 

put it into the optimal position for machining. Communication with the new chuck is 

based on wireless technology (Bluetooth). Chuck integrated piezoactuators position 

the workpiece in 4 DOF. Among those, 2 DOF are used for a compensation of the 

eccentricity and the remaining 2 DOF correct the inclination. Thus, a complete 

alignment of the workpiece to the axis of rotation is accomplished.  

 

1 Introduction 

Cost pressure and increasing demand on high quality products call for new 

approaches in production technology [1, 2, 3]. Therefore, the collaborative research 

centre 489 builds up new technologies of manufacturing [4]. This implements the 
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precision-forging of highly charged components. After an innovative heat treatment 

[5] the net-near shaped workpieces need a precision positioning prior to further 

machining because functional elements have position and form deviations. By means 

of a material allowance oriented precision positioning these failures can be 

minimized. This can be realized by an adaptronic chuck in combination with an 

optical measurement system. 

 

2 4 DOF precision positioning chuck for hard turning 

The positioning of workpieces in 4 DOF in the machine tool is effected by a newly 

researched adaptronic chuck system in which piezo actuators are integrated. To 

enable positioning, the system structure has to be selectively weakened. In this 

context elasto-kinematic guidings are used for a precise and stiff behaviour. As 

shown in Figure 1, membranes and lattice elements are chosen. 

 
Figure 1: Operation method and realization of a 4 DOF precision positioning chuck 
 

The system consists of two independent positioning systems for excenter and tilt 

compensation. For each degree of freedom two piezo actuators are being used. 

During the positioning process one of the actuators is elongated while the other one 

contracts. In the tilt compensation system this leads to a correction angle of ±0.07°. In 

x- and y-direction the actuator force causes a tilt of the central core which is 

connected to a fixed and a movable basic ring via two membranes. Flexible lattice 

elements at the outer side of the chuck allow a translatory movement with a 

positioning range of appr. ± 75 µm. A detailed explanation of the analytical model 

and the optimization process of the construction parameters is shown in [6]. 
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For data and energy transmission wireless technologies have been chosen [7]. Via an 

emulated com-port the data is sent from a user interface to the chuck using Bluetooth. 

Decoding takes place inside the chuck with an integrated microchip. D/A-converters 

control small high voltage amplifiers (0-1000V) which are necessary for the piezo 

actuators. The actual position is determined via strain gauges in combination with a 

measuring bridge. 12 bit A/D-converters transmit the values to the microchip which 

sends the data out of the rotating system to the user interface. 

 

2 Sensors and algorithms for precision positioning 

In order to optimally adjust the component under production within the actual turning 

process and to precisely prepare for the subsequent grinding process of the toothing, 

the function elements (shaft and gearing) of the gear shaft have to be measured. 

Therefore, two conoscopic sensors take line-shaped measurements of the functional 

elements. These optical sensors are able to measure at angles up to ±85° from the 

normal direction of the surface of the measured object. Thus, these sensors are able to 

determine the steep angles at the tooth flanks of the gearing. Further technical 

specifications are described in [8]. The distance data of the conoscopic sensor are 

synchronized with the angle data of a rotary encoder. In combination with the 

knowledge of the sensor position in the longitudinal direction of the gear shaft 3D-

data are generated.  

The processing of the data includes filtering with different criteria like signal noise 

ratio and the extraction of important data ranges. Concerning the data of the gearing 

only the measured data points of the tooth flanks should be noticed, because these are 

the real functional elements of a gearing. So, the points of the tooth crests and the 

bottom of the tooth spaces are eliminated.  

To optimize the position of the produced gear shaft for both subsequent machining 

processes, the processed data are fitted to a reference model, where the Euclidian 

distances between the measured data and the reference are minimized. Therefore, 

different optimization criteria with different objective functions can be used. These 

criteria, like the least square (LSC) or the Chebyshev (MZC) algorithm can be 

selected in a user interface [9]. The result of the fitting process is a calculated 3D-

adjustment vector, which contains the necessary translations and rotations for the 
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positioning process. This vector is transferred to the positioning chuck, so that the 

gear shaft is optimally adjusted for the machining. 

 

3 Integration of the sensors and the positioning chuck in a machine tool 

For in-process measurement and positioning the adaptronic chuck and the 

measurement system are integrated into a lathe. Figure 2 shows the integration of 

both components. The sensors can be positioned in the longitudinal direction of the 

gear shaft with a high precision linear axis to measure the toothing and the shaft on 

different positions. 

 
Figure 2: Integration of adaptronic chuck and measurement system 
 
By these functional elements the optimal position of the workpiece is calculated. The 

result is an adjustment vector which is transferred to the adaptronic chuck. This 

allows the necessary corrections of the position. As a result, the shaft geometry can 

then be finished in a hard machining process. The surface is used as the reference for 

the subsequent grinding process of the gearing [10]. 

 

4 Conclusion 

The paper shows a new possibility of aligning workpieces in 4 DOF before 

machining. Therefore, an optical measurement system detects the possible 

deviations to the optimal position of the workpiece. An adjustment vector is 

calculated by best-fit-algorithms and sent to an innovative adaptronic chuck with 

wireless energy- and data transmission. After the alignment in the optimal position 
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the workpiece is finished in a hard machining process. This technology allows the 

reduction of the necessary stock to a minimum, which means less tool cost and less 

production time. 

5 Acknowledgments 

The authors thank the German Research Foundation (DFG) for funding this project. 

 

References: 

[1] Sutherland, J.W., Haapala, K.R.: Optimization of Steel Production to Improve 
Lifecycle Environmental Performance, CIRP-Annals, STC A, 56/1/2007, p. 5, 
2007 

[2] Tomiyama, T., D'Amelio, V., Urbanic, J., ElMaraghy, W., Complexity of Multi-
Disciplinary Design, CIRP-Annals, STC Dn, 56/1/2007, p. 185, 2007. 

[3] Brinksmeier, E.; Eckebrecht, J., Energy- and Resource-saving Machining 
Processes. Annals of the WGP Vol. VIII/2, 2001, S. 21 - 24. 

[4] Bach, Fr.-W., ea.: Sonderforschungsbereich 489 – Prozesskette zur Herstellung 
praezisionsgeschmiedeter Hochleistungsbauteile, Fortsetzungsantrag 2006-2007-
2008, 2005. 

[5] Krause, C., Nuernberger, F., Bach, Fr.-W.: Haerten von 
Praezisionsgeschmiedeten Bauteilen mittels einer Zweiphasen Spraykuehlung. 
AWT-Haertereikreis Hannover, Januar 2006. 

[6] Denkena, B., Moehring, H.C., Immel, J., Moering, B.: Design and Optimization 
Methods of an Adaptronic Chuck System. 11th Adaptronic Congress, 
Goettingen, S. 18/1-5, 23. - 24. Mai 2007, 2007. 

[7] Denkena, B.; Immel, J.: Wireless Bluetooth Data Transmission in Production 
Environment. 4th Wireless Congress: Systems and Applications, Muenchen, 7. - 
8. Nov. 2007, 2007. 

[8] Kaestner, M., Gillhaus, R., Seewig, J., Reithmeier, E., Frankowski, G.: Optische 
Multisensortechnik zur Geometrieerfassung praezisionsgeschmiedeter Bauteile. 
VDI-Tagung “Optische Messtechnik technischer Oberflaechen in der Praxis”, 
09.-10.10.2007 Hannover, VDI-Berichte 1996, S. 89-100, 1996. 

[9] Weckenmann A., Gawande B.: Koordinatenmesstechnik. Flexible Messstrategien 
fuer Maß, Form und Lage. Carl Hanser Verlag 1999. 

[10]Denkena, Berend; Fausto Catoni: Grinding of Gears with Vitreous Bonded 
CBN-Worms. CIRP Annals 55/1/2006, 2006. 


