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Abstract 

To achieve reproducible and deterministic positioning with submicron accuracy of a 

workpiece at a defined position relative to the tool, a new concept for workpiece 

handling and alignment solution is developed at KULeuven. Special about this 

method is the gripping of a workpiece on its finished optical surface without hard 

contact. Based on this technology, also a solution for direct alignment of a workpiece 

for double-side machining is proposed.  

1 Introduction  

In precision manufacturing processes, positioning and handling of the workpiece is a 

critical and time-consuming task, which in practice requires craftsmanship. With the 

increasingly stringent requirements on the workpiece, for example a figure error of 

less than 300nm for an aspheric mirror [1], intermittent measurement of the 

workpiece shape for error compensation is inevitable during the manufacturing 

process. In many cases, the component has to be taken off from the machine tool to 

be verified on a metrology system. Afterwards the component must be repositioned 

on the machine tool correctly, or in other words the machine must know the new 

position and orientation of the workpiece in its coordinate system. With current 

passive chucking technology, it is possible to achieve repeatability of positioning 

accuracy around 1~2µm [2]. This accuracy is not sufficient for precision machining 

of high-end components. In addition, reference surfaces or features are always 

necessary on the component for passive clamping and alignment. 

A second problem in this field concerns the automatic handling of optical 

components in semi-finished or finished state. A typical example of this case is when 

a moulded glass lens [3] needs to be edged in right orientation and to correct 

dimensions for the final assembly. In these circumstances, the accurate automatic 

handling and fixing of the component thus needs to be combined with a grasping on 
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finished functional surfaces. So, additional measures are needed for protecting those 

functional surfaces.  

To enhance the efficiency of the process chain in precision optical manufacturing by 

the introduction of automatic handling, a new handling unit for direct workpiece 

alignment is proposed. The device allows to position precision optics with submicron 

accuracy (<0.5µm) in combination with a grasping on optical surfaces.  

2 Direct handling and alignment for precision machining  

This handling and alignment unit is intended for direct precision manufacturing of 

precision components. This development will enable the clamping and precision 

positioning of components with multiple facets to be machined and will provide a 

solution when clamping has to take place on machined surfaces.  

2.1 Concept of direct workpiece alignment  

The basic principle of direct workpiece alignment is to first manipulate the workpiece 

to a correct position and then clamp it for subsequent machining. The workpiece is 

first fixed on an adhesive chuck allowing to clamp on optical surfaces without 

damaging them. The chuck also has additional reference marks. A metrology system 

(e.g. an ultra-precision CMM) will allow to determine the position relationship 

between the workpiece and the reference marks on the adhesive chuck.  

After referencing, the workpiece and the adhesive chuck are mounted onto an active 

alignment unit which is mounted on a workpiece manipulation system. The active 

alignment unit has two rotational DOFs for adjusting the orientation of the workpiece.  

(a) (b) 

Figure 1: Direct workpiece alignment unit and UV-curable adhesive chuck unit 

To enable automation and interchangeablility, the adhesive chuck is equipped with a 

standard industrial System3R® interface (Figure 1 (a)). An on-machine metrology 

system then observes the reference marks on the adhesive chuck to determine their 

positions relative to the machine coordinate system. With the position knowledge of 
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workpiece relative those reference marks, the link between the workpiece and the 

machine coordinate system can be built-up. The active alignment unit will adjust the 

position of the workpiece to the desired position, while the translational errors can be 

easily compensated in the machine CNC program. The workpiece is then fixed on 

another adhesive chuck at the working table of the machine. After releasing the top 

chuck, the workpiece is ready for machining. 

2.2 Development of UV-curable adhesive chuck  

To avoid damaging the finished surface due to hard mechanical contact through 

clamping, a method for fixing the workpiece is developed based on UV-curable 

adhesives. For handling freeforms and surfaces of complex shape such as a micro 

lens array, the adhesive chuck comprises a set of gripping (gluing) fingers. An 

adhesive drop fills the gap between clamping surface on the workpiece and each of 

the gripping fingers. UV light is then applied to cure the adhesive drops, whereby the 

workpiece is clamped on these gripping fingers. The adhesive chuck has a 

System3R® interface, so once the workpiece is fixed, it can be transported throughout 

the process chain when measurement on a CMM or machining on another machine is 

required (Figure 2 (b)).  

2.3 Properties of UV-curable adhesives  

The properties of the UV-curable adhesives are critical to the performance of the 

adhesive chuck.  

  
  (a)     (b) 

UV source

Figure 2: Strength investigation of UV-curable adhesives  

Therefore, some preliminary experiments have been carried out to investigate the 

curing behaviour and the strength of the adhesives. Figure 2 (a) shows the experiment 

setup for investigating the mechanical properties of the adhesives. As shown in 
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Figure 2 (b), the pull-off force and curing shrinkage of different adhesives vary in a 

large range. Some adhesives are very strong while some are moderate. In general, the 

stronger the adhesive, the larger the shrinkage. The diameter of each adhesive spot in 

the experiment is 2mm. So it is possible to use a few gripping fingers to have enough 

strength to handle a workpiece of reasonable weight. To investigate the effect of 

applying adhesives on the workpiece surface, experiments on a glass lens have been 

conducted. The lens has been clamped on the same experimental setup and then 

debonded. Afterwards the clamped area is observed under an atomic force 

microscope. Figure 3 indicates that no obvious damage is introduced on the lens 

surface after applying UV-curable adhesive.  

 

 

Ra=0.4nm Rq=0.6nm 
Figure 3: Lens surface after applying UV-curable adhesive 

Summary 

To prevent damage on the clamping surface and to enable clamping on a freeform 

shape, a UV-curable adhesive based gripping technique is under development. 

Preliminary experiments show that some of the candidate adhesives exhibit sufficient 

strength and there is no obvious trace of damage on the glass workpiece after 

debonding. To achieve a submicron (<0.5µm) positioning accuracy, further 

experiments are underway to investigate the curing process of various adhesives and 

the performance of different debonding techniques.  
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