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Abstract. The presented investigations build on the results already presented at EOSAM 2022 on 
the in-situ monitoring of grinding processes, in which high correlations between vibrometry, force 
and topography data of machined fused silica samples could already be proven. With the help of new 
measurement setups, it was possible to also detect high-frequency vibration components in CNC 
grinding processes and to check their effects on the resulting surface qualities. The investigations were 
carried out on a 5-axis CNC machine and monitored with the help of vibrometric and white-light 
interferometric measurement technology. The aim was to look at the influences of process-side 
parameters on the process vibrations and the resulting surface qualities.

1 Motivation 
CNC-controlled processing machines are required in 
various industries for grinding inorganic non-metallic 
materials. They are needed, for example, in the optical 
industry, the semiconductor industry, but also in medical 
technology for the production of increasingly complex 
components. With modern 5-axis CNC technology, free-
form surfaces or monolithic components made of silicate 
glasses can be produced, for example. Conventionally, the 
grinding process with bonded grain is used to produce the 
rough shape of a component, which is then followed by 
several fine machining processes with loose grain such as 
lapping and polishing, whereby the grinding grain size is 
reduced step by step. [1] The CNC-controlled grinding 
machines used in modern optics production have some 
major advantages over conventional machining 
processes. The use of bonded grain and the wide range of 
usable tools with different bonds and grain sizes make it 
possible to machine components from coarse to fine 
grinding in a single clamping within one machine. The 
result is reduced set-up and cleaning effort and the 
associated cost savings. Due to the high number of 
traversable axes, it is still possible to produce complex 2.5 
and 3D geometries with a high degree of accuracy and 
reproducibility. However, it follows that the increased 
number of installed axes inevitably also increases the 
number of motors, actuators and sensors installed in the 
machine. Each of these components generates oscillations 
or vibrations on the machine side during operation, which 
can have a negative effect on the process and thus on the 

resulting component. In last year's publication, time-
synchronised vibrometry, force and topography data were 
used to demonstrate that sensors installed on the machine 
can have a significant influence on the grinding result. [2] 
In addition, there are vibrations that occur in the grinding 
process itself due to the application of various grinding 
parameters and which, with various parameter 
combinations, can also have a negative effect on the 
component surface. These can show up in the form of 
mid-spatial frequency errors or periodic errors on the 
surface of the components and thus significantly affect the 
achievable resolution of the processed optics. [3] 
 
2 Experimental set-up 
For the investigations, QTec laser vibrometry systems 
from Polytec are used, which ensure an improved signal-
to-noise ratio in difficult measurement environments. Due 
to the necessary use of cooling lubricants in the grinding 
process and the associated difficulty in measuring 
optically, it is extremely difficult to implement suitable 
in-machine measuring set-ups. However, with the aid of 
an externally designed set-up in conjunction with beam 
guidance and a shielding concept against cooling water 
and other environmental influences, it is possible to 
measure directly in the process on the component and to 
record vibrations live and close to the process. A close-up 
of the measurement concept is shown in Figure 1 with the 
measurement laser beam schematically represented by the 
orange lines.  
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Fig. 1. Close-up of the beam guidance and shielding 
concept in the measurement setup used  
 
After grinding, the surface topography of the 
manufactured component surfaces is recorded. Two white 
light interferometers (WLI) from Polytec are used for this 
purpose. These are a microscopic device TMS-1400 and 
a macroscopic device TMS-500. This enables the analysis 
of surface defects from low to high frequencies. On a 
topographical map obtained, the effect of the influencing 
variables on the grinding process can also be analysed in 
analogy to the vibration analysis.  
 
3 Examinations & Results 
For the initial considerations, a simple kinematic strategy 
was chosen to gain a basic understanding of the process 
behaviour and its effect on the topography of the 
workpiece. This consists of a linear grinding path using a 
metal-bonded ring tool of 24 mm diameter and grit size 
D64. The material to be processed is fused silica (Corning 
7980 5F) with a sample size of 20 x 20 mm². With the help 
of the new setup, interesting insights into existing process 
vibrations and their effect on the topography of the 
machined components could be gained. As already 
described, the main focus here is on the periodic structures 
that arise from different grinding parameter combinations.  
These structures are evaluated with the help of the Fast 
Fourier Transformation (FFT) and the Power Spectral 
density function (PSD). Direct dependencies of the 
dominant periodic structures on the set rotational speed 
and the feed rate used were found. Figure 2 shows the 
PSD for a selected example, revealing certain distinct 
frequency peaks representing the periodic structures. 

  
Fig. 2. PSD view of the topography of a machined sample 
(tool speed (n) = 8000 1/min | feed rate (vf) = 100 
mm/min). 

It is shown that there is a direct dependency of the 
topography frequencies present on the surface to the 
selected tool speed and feed rate. With the help of the 
correlation 
 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑛𝑛)

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (𝑣𝑣𝑣𝑣)
=  

8000 𝑟𝑟𝑟𝑟𝑟𝑟

100 𝑚𝑚𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚
= 80 1/𝑚𝑚𝑚𝑚       (1) 

 
it can be shown that the rotation of the tool per millimetre 
is directly reflected as the dominant spatial frequency on 
the surface of the sample. Furthermore, it is shown that 
the 2nd and 3rd harmonics of the basic frequency are also 
reflected in the topography. With the help of the FFT, it 
can also be shown that the dominant spatial frequency of 
80 1/mm can also be found by in-process laser vibrometry 
in the range of the measured vibrations (Fig. 3). 
 

 
Fig. 3. FFT of the topography and vibrometry of a 
machined sample (speed (n) = 8000 1/min | feed rate (vf) 
= 100 mm/min). 
 
Accordingly, it could be proven that topographic 
structures, which are measurable after the grinding 
process, can already be recorded in the process with the 
help of vibrometry. In perspective, it is therefore possible 
to detect dominant vibrations and frequencies already in 
the process and to predict their expression on the 
component surface. For future investigations, an AI 
model is to be created with the help of which possible 
correlations and thus effects of the error influencing 
variables on the processing result can be directly derived. 
If successful, process control could then be carried out on 
the basis of the model with a relatively high prediction 
probability. 
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