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Positioning and repetition accuracy with preloaded 
guiding and centering systems

In mechanical engineering, especially in industries such as the semiconductor or optics 
sector, the repeatability of movements, even after many millions of cycles, is a major issue 
in order to ensure process reliability over a long period of time and to keep part rejects to 
a minimum. Just as in dynamic processes, the high-precision positioning of parts is also an 
ongoing issue in static applications, e.g. for fixed plates or exchangeable inserts.

This white paper is intended to help you answer frequently asked questions regarding repeat-
ability, positioning accuracy, number of fine centerings to be used and connection geometries. 
These questions were investigated and answered using the Mini Fine Centerings of Standard 
7980 (without bushings) and 7981 (with bushings).

Density: 
how many measurements of the same 
deviation

Lack of accuracy: 
how much the average value is offset from 
the desired «correct value»

Lack of precision: 
how strong is the variation of the values

Fig. 1: Distribution of the data density; differentiation of the deviations from the correct value 
Source: https://de.wikipedia.org/wiki/Richtigkeit#/media/Datei:Richtigkeit_und_Pr%C3%A4zision.png 
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Figure 1 above shows that the correct value (the positioning repeatability, customer require-
ment for high process reliability) is only achieved if both correctness (interfaces / connection 
geometries by customers) and maximum precision are optimal.

Dependencies are described in the following Table 1.

Tab. 1: Dependencies for maximum positioning repetition accuracy

Random
Both /

Overall error

Accuracy

Standard
deviation

Total measure-
ment reliability

Precision

Systematic

Correctness

Average value

Fig. 2: Influence on positioning repetition accuracy

Precision / 
Repetition accuracy

Positioning repetition 
accuracy / Target 
value

Accuracy / 
Positioning accuracy

Statement Scattering of individ-
ual values around the 
average value

Distance of a single 
value from the refer-
ence value

Distance of the av-
erage value from the 
reference value

- Scatter parameter Both Position parameter

- Data set Single value Data set

Error type Random Both / Overall error Systematic

Key figure Standard deviation - Average value

Composition Guiding systems or 
centering systems

Result of good accor-
dance

Interfaces manufac-
tured by the customer

Figure 2 illustrates that only good interaction between the customer-produced connection 
geometry and high-quality guiding and centering systems leads to the required, desired re-
sults.

Quality: The sum of inaccuracies
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Quality: How can the quality be influenced?
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Precision

Customer contri-
bution: Improve-
ment of interfaces

Customer require-
ment: Repeatable 
positioning accuracy

Current 
status

Contribution of centering system:  
Maximizing precision

Connection geometries: Mounting holes, 
flatness of surfaces, perpendicularity of 
holes, geometries, installation/assembly 
of parts, surface quality, material

Guiding systems: Manufacturing process-
es, material, tight manufacturing toler-
ances of the centering systems (dimen-
sional and geometrical)

Fig. 3: Influences on repeatable positioning accuracy*

Measurement results: Discussion
In general, the use of several centering systems compared to two centering systems leads 
to a significant improvement in both positioning accuracy and precision. This effect can be 
observed when used with bushings as well as without. 

An accuracy and precision of 0 will never be possible for technical reasons, but the use of 
several, e.g. >6 centering systems, can significantly improve the stiffness and reliability with 
respect to disturbance variables such as lateral forces, temperature changes, replacement of 
individual elements and also reduction of outliers. 

The comparatively high deviation in precision is due to the rather rough workshop-like han-
dling of the inserts. This means that the rolling partners were not always subjected to exactly 
identical loads. The slight deviation between 4 and 6 centering systems can also be partially 
attributed to the measurement uncertainty.

Because the connection geometries / interfaces are customer-specific and vary from appli-
cation to application, only the guiding and centering systems are discussed below. Based on 
empirically collected data, the positioning accuracy on the one hand and the repeatability on 
the other hand were considered by means of various plates.
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2Sys with bushing 3Sys with bushing

4Sys with bushing 6Sys with bushing

2Sys without bushing 3Sys without bushing

4Sys without bushing 6Sys without bushing
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Position accuracy, completely moved out 
of preload, with and without bushing
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Repetition accuracy with bushing without 
moving out of preload. Standard 7981

Number of measurements per measurement group
(2Sys / 3Sys / ...): n = 60

Fig. 4: Influence of the number of centering systems used on the positioning and repetition accuracy
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Why is the positioning accuracy inferior without bushings
The cubic production of bores of the highest quality is significantly more demanding than the 
production of corresponding bushings. Optimization of the rolling surface by means of honing 
in a cubic environment is possible in principle, but this alone cannot change the cylindricity 
or position of the location holes, for example. Although the location hole for the bushing is 
also manufactured cubically, it can be assumed that the bushing compensates for deviations 
of the cubically manufactured location holes to a certain extent. Nevertheless, the custom-
er-manufactured rolling surface offers significant advantages in the area of the required 
installation space. A sufficiently high quality of the customer-manufactured rolling surface 
can, for example, compensate for a concentricity error of the bushing, which can be a decisive 
advantage for certain applications.
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Fig. 5: Achievable precision and reliability
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Meeting the customer’s requirements
The best possible fulfillment of the accuracy can therefore only be solved together with the 
customer. It can be seen that maintaining very tight tolerances in the connection geometries 
has a very great influence on the positioning accuracy. The maximum repeatability, on the 
other hand, can only be achieved with the highest quality centering systems.

For particularly high repeatability requirements, it is advisable to work with a larger number 
of centering systems (>/ = 4), especially in order to

	 increase the load capacity
	 increase resistance to acting forces (stiffness).
	  
This also reduces the possible outliers, which has an overall positive influence on the processes 
and quality of the customer application.

In the case of very high requirements for stiffness, lifespan, repeatability and load capacity, it 
is recommended to apply the safety factor of s=3, which is generally accepted in mechanical 
engineering and can help to cover certain uncertainties and probabilities.

Cost considerations: Total cost assessment
To keep any costs low, the customer often uses a minimum number of centering or guiding 
systems and, if possible, centering systems without bushings. This approach primarily targets 
the investment costs. 

Especially in dynamic applications, it is recommended to use a higher number of centering 
systems including bushings. On the one hand, the higher number reduces the load on the in-
dividual centering system, thus preventing a possible overload or reducing a permanent load. 
On the other hand, this contributes to an increase in running performance and worn centering 
systems can be easily replaced. 
If the running surfaces are worn in applications without bushings, the locating plates must be 
freshly manufactured. 

In static applications, on the other hand, permanent use is possible in the vast majority of 
situations without any adverse effect on lifespan or quality.

We recommend that you involve Agathon’s application specialists in the design phase in order 
to get the specific best possible solution from us in terms of price and performance.
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Advantages of using Agathon Mini Fine Centering systems
Agathon centering systems also help simplify complicated applications.  
They offer the optimum support for almost all applications where precision, installation 
space, flexibility and reliability are important. 

The following advantages are inherent in the small heavy-duty machines:
•	 Maximum stroke frequency: 400 strokes/min (recommended with bushing)
•	 Repetition accuracy of <0.16µm 2σ  

(without exiting the preload when using 4 centerings)
•	 Positioning accuracy <0.3µm 2σ  

(completely moved out and then back into preload, with 4 centerings)
•	 Minimal maintenance, even completely without maintenance possible for static applica-

tions (permanent lubrication)
•	 Identical load absorption 360°
•	 Combined movements possible (when using 1 centering)

Use with or without bushing possible
Important note:
Even though each guiding system has individual values and different dimensions as well as 
different characteristics, logics and orders of magnitude of the results are highly transferable.

Significance of 2 resp. 3 Sigma:
In the above case, 2 Sigma means that the deviations will be less than or equal to 0.2 µm with 
a probability of 95 %. 3 Sigma means that the deviations will be smaller than 0.22 µm with a 
probability of 99 % 
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Box: 50 % of all values are inside the box
Median: 	 50 % of all values are smaller than the Median, 50 % bigger
Q1: 	 25 % of the data are smaller than Q1
Q3: 	� 25 % of the data are bigger than Q3 (or 75 % of the data are 

smaller than Q3)
Outlier:	� With a large amount of data, there are always some data 

that differ greatly from the mass. These data are delimited 
so that the average is not distorted too much due to these 
strong deviations. The delimitation of these strongly devi-
ating data values is determined by means of a formula. Of 
course, outliers can lie both above the largest observation or 
below the smallest observation, as shown above.

IQR Interquartile range:	 Q3-Q1
Value of smallest observation	 >= Q1-1.5*IQR (Delimitation to the outliers below)
Value of biggest observation	 <= Q3+1.5*IQR (Delimitation to the outliers above)

The fact that the smallest observation in our case is almost always at 0 and we have no out-
liers below is due to the fact that the negative deviations from the average of the measure-
ments have been converted to positive, e.g. -0.2 σ becomes 0.2 - which is possible since only 
the distance / deviation itself is relevant and not whether a deviation is above or below 0.

*
** Outlier

Biggest observation

Smallest observation

75 % Quartile of data

25 % Quartile of data

IQR Interquartile rangeMedian

Q3

Q1
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Test conditions
•	 Repetition accuracy: 60 measurements per position and number of systems
•	 Position accuracy: 120 measurements per position and number of systems / measure-

ment errors (>600 measurements) 0.13µm
•	 Environment: Temperature controlled and stabilized measurement room, workshop-like 

handling of parts
•	 Articles used: Mini Fine Centering with bushing A-7981.008.029 and Mini Fine Centering 

without bushing A-7980.008.029
•	 Deviations are consistently evaluated as amounts
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