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Freeform Machining with Precitech Servo Tool Options  

Kirk Rogers, Jeff Roblee  

A growing number of optics manufactures are investigating servo tool machining 
technologies. The goal of this document is to provide:  

 
A practical understanding of the operating characteristics of the various Precitech 
servo tool options.  

 

Information to determine which servo tool best fits an application. 

 

A method to calculate servo tool machining cycle times.  

Benefits of servo tool machining  
Using Precitech servo tool options, non-rotationally-symmetric surfaces (including 
freeform surfaces) can be produced economically on Precitech s two-axis diamond 
turning lathes, the Precitech Nanoform 200, 350, and 700 systems.    

With servo tool machining customers can produce non-rotationally-symmetric surfaces 
via a turning operation at significantly lower costs over traditional manufacturing 
methods (e.g. raster fly cutting).   

Components that can be turned off-axis (i.e. off-axis-rotationally-symmetric parts: high 
order aspheres, parabolas, torics etc.) can now be turned on-axis with servo tool 
machining.  Advantages of this approach include:   

 

Increasing the range of components that can be made on your existing Nanoform 
lathes. Off-axis parts that can t be produced because the off-axis setup exceeds 
the swing capacity of the diamond turning machine can now be produced on-axis 
with servo tool machining.   

 

Reducing cost and lead times for work piece holding fixtures. On-axis fixtures are 
typically less expensive and less technically challenging than off-axis fixtures 
(aka surrounds ).  This is particularly useful when producing a low quantity part 
or when a short lead time to a first-piece prototype is critical.   

Servo Tool Machining  typical system configuration 
A typical machine configuration for servo tool machining is shown below.  
The work piece is mounted on the C axis (a work holding air bearing spindle with 
precision velocity and position encoders).  The C axis is mounted to the X axis carriage. 
The servo tool option is mounted on the Z axis carriage. Machining with this machine 
configuration is also known by the shorthand term XZC machining .       
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Three servo tool options 
Precitech offers three servo tool options to cover the widest range of application 
requirements.  Table 1 shows the general characteristics of the Slow Tool Servo (STS) 
and two fast tool servo (FTS) options: the FTS500 and FTS70.    

Table 1 General Characteristics Precitech STS, FTS500 and FTS70 servo tools  
STS FTS 500 FTS 70 

Dr ive & bear ing 
technology 

Linear motor / 
Hydrostatic Oil 
bearing  

Voice coil / Air 
bearing and counter 
mass 

Piezoelectric stack / 
Flexure element 

Characteristic 
Travel* 

10 mm (@ 2 Hz) 500 um 70 um 

Characteristic 
Bandwidth** 

70 Hz 1000 Hz 700 Hz 

Characteristic 
Surface finish^ 

5 nm Ra 8 nm Ra 5 nm Ra 

Characteristic 
form accuracy^ 

250 nm PV  300 nm PV  600 nm PV  

Position sensor Scale Analog Analog 
Programming 

Software 
Diffsys SOP SOP 

* See Figure 1 for a more complete description  
** Related to servo control design and performance 
^ Typical performance for test specimens (also typical real world results for many applications)   

The STS option (lower acceleration, long excursion) is typically used to produce high 
amplitude non-rotationally-symmetric continuous

 

surfaces. A continuous surface does 
not feature any inflection points (instantaneous changes) in the surface slope or step 
changes in surface height that require radical changes in tool velocity.   


