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Abstract 

We present a new clamping and handling method for microgears featuring a compliant string. The 

method simplifies the fixturing and setup process prior to dimensional measurements. The method has 

been verified experimentally and by FEM simulations. The low-cost prototype shows several advantages 

over conventional clamping methods like gluing or collet clamping. The clamp is part of a 

microenvironment that also features a particle shield, cleaning capability and sensors that monitor the 

direct measurement environment. 

1 Introduction 
Developments in tactile dimensional micrometrology have improved the ability to perform reliable 

measurements at the microscale [1, 2, 3, 4]. Clamping of the workpiece during a measurement 

influences the measurement quality decisively – especially when measuring components with sub-

millimeter features, most of which are fragile [5]. Furthermore, proper clamping can simplify handling 

and cleaning. The applicability of clamps in tactile dimensional micrometrology requires a repeatable, 

non-deforming, centering and precise clamping of the workpiece. Currently, no specialized clamping 

system for microgears exists. To address this shortcoming, and to further enhance the measurement of 

microgears, we have developed a portable and precise yet economical clamping system.  

The clamp consists of a compliant string and a tube (see Figure 1). Both components are inexpensive, 

standard industrial parts. The diameter of the string and the inner diameter of the tube should match the 

diameter of the through hole of the microgear. The precision and repeatability of the clamp depends 

mainly on the tolerances of these diameters. A press fit allows precision and repeatability to be increased. 

 

 

Figure 1: Schematic overview of the new microclamping principle for microgears. The string centers the 

microgear with respect to the tube. This method allows virtually every workpiece with through-hole diameters 

down to a few micrometers to be clamped. Threading of a workpiece may facilitate transport and handling 
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2 Realization and proof of principle 
The current setup features a polymer string and an aluminum tube (Figure 2 and Figure 3). Melting one 

end of the string yields a sphere that exerts the clamping force on the microgear. When the string is 

pulled, the compliance of the string centers the microgear with respect to the tube. The pulling force 

may be realized by weights allowing precisely defined clamping forces.  

The string also simplifies handling: When the microgear is threaded, transport and cleaning become 

straightforward, as only the string needs to be handled and not the workpiece itself. The compliance of 

the string material compensates for possible errors in the roundness of the fused sphere. Several string 

materials are available (PA, PVDF, PE and nylon). String sizes range from 0.004 mm to 4 mm. To 

ensure good contact between base tube and microgear, the mating surface should have a high flatness 

and a concave form to ensure a high repeatability.  

 

 

 
Figure 2: Upper part of the prototype featuring the compliant string clamp. The string material is fluorocarbon 

and the monofilament has a diameter of 0.9 mm 
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Figure 3: Close-up of the clamped microgear in comparison with a match head. All clamp components (tube and 

string) are low-cost, mass-produced goods 

 

Using FEM simulations, we computed deformation and tension of a microgear clamped by our string 

clamp and compared it to a conventional three-yaw chuck clamping. The results show negligible 

deformation of 21 nm (FEM parameters: high clamping force of 5 N, gear material is steel). Clamping 

with a three-yaw chuck yielded comparable results. 

 

 
Figure 4: FEM simulation of the string clamp. Deformation and stress invoked by the fixation are comparable to 

collet clamping and fixation with a three-jaw chuck 
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We demonstrated the applicability and precision of the clamp with a representative microgear (spur 

gear, module 𝑚 = 0.21 mm, 12 teeth). Further Experiments carried out with an aluminum cylinder as 

test object compare the eccentricities (Figure 5) featured probing forces of 100 mN and yielded a high 

repeatability after reclamping (a standard deviation of 7 µm). 

 

 
Figure 5: High repeatability after reclamping of the same workpiece, enabling automation of the measurement 

process since the residual eccentricity is compensated by software of the measuring machine 

3 Microclamping principle comparison 
To show the advantages of our new clamping principle, we compared the principle with the established 

clamping principles of gluing, collets and three-yaw chucks (see Figure 6). The clamp requires a 

matched combination of tube and string for each gear size, which is the main issue of the new string 

clamp. 

 

 
Figure 6: Comparison of three clamping principles. The proposed clamping principle shows advantages in 

terms of user-friendliness, costs and unwanted influence on the microgear 
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4 Conclusion and outlook 
The new fixture allows reliable clamping with low-cost components. Microgear handling is easy and 

fail-safe with the string. The easy-to-use, fully mechanical process exerts a defined and repeatable 

clamping force via weights. The string treats workpieces gently because of its compliance. 

The clamp will be installed on our measuring machine and integrated into our microenvironment 

(see Figure 7). In addition to the clamp, the microenvironment will feature an integrated cleaning 

system and a portable measurement shell to protect the workpiece and microprobe from 

recontamination and changes in temperature and humidity. 

 

 

 
Figure 7: Integration of the compliant string clamp in a microenvironment that features a particle shield, 

cleaning capability and several sensors that monitor the direct measurement environment (vision system, 

temperature and humidity sensor, sensor for airborne particles) 
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