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Abstract: The paper deals with the issue of gauge blocks calibration by interferometry method. 
Interferometry calibration method uses laser, eventually multiple-wavelength interferometry. Gauge 
blocks (GB) is wrung on the reference plane and by chosen interferometry technique is measured 
distance from reference plane to GB free side (nominal length of GB). The advantage of this method is 
high accuracy and on the other side disadvantage is wearing (scratching) of GB lapped surfaces. In 
this paper was evaluated the influence of GB wringing on basic steel plate to surface roughness at the 
calibration process (repeated wring on).   
Keywords: Gauge Block, Measurement by Interferometry, Wringing, Calibration. 

 
 
1. INTRODUCTION 
 
A gauge block is a block of rectangular section, made of durable material, with one pair of 
plane, mutually parallel measuring faces. The length of a gauge block at a particular point on 
the measuring face is the perpendicular distance between this point and a rigid plane surface 
of the same material and surface texture upon which the other measuring face has been 
wrung. ‘Wringing’ is a technique by which very flat, lapped surfaces can be made to adhere 
to one another by molecular attraction (figure 1). The measured length of a gauge block is 
corrected to the reference temperature of 20 °C and standard air pressure 101 325 kPa (1 
013.25 mbar). The lengths of gauge blocks up to and including 100 mm refer to the length of 
the gauge block in the vertical position, i.e. with the measuring faces horizontal. The lengths 
of gauge blocks over 100 mm refer to the length of the gauge block in the horizontal position, 
the block being supported on one of the smaller side faces without additional stress by two 
suitable supports, each at a distance of 0,211 times the nominal length from the ends. This is 
to account for prismatic compression of the gauge under its own weight, when standing 
vertically and ‘sagging’ when supported horizontally. 
Gauge blocks are most accurate standards of length and an important basis of industrial 
length measurements. Quality management requires that such standards be calibrated and 
that they be traceable to the unit of length.  
The most accurate method for calibrating the length of a gauge block according to ISO 3650 
(from 1998) is to use optical interferometry (figure 2). Measurements by interferometry allow 
the length of a gauge block to be directly compared with wavelength standards. Such 
measurements are in general carried out with gauge blocks of the highest quality which are 
used solely as standards for calibrating other gauge blocks by comparison. 
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Figure 1. Gauge blocks are wrung to large 
reference plate for calibration with gauge 

block interferometer. 

 
Figure 2: Scheme of typical gauge block 

interferometer [5] 
 

 
Whereas interferometry is the basic method which is time consuming and should be applied 
only to high quality gauge blocks, the majority of gauge blocks is measured by comparison. 
This method is very reliable, fast and comparatively insensitive to temperature, because only 
temperature differences and the difference of the thermal expansion coefficients enter into 
the results. This method allows the difference of lengths – either  in different points of the 
same gauge or for different gauge blocks of the same material – to be determined with high 
accuracy. The accuracy achievable, which is of course highly dependent on the condition of 
the whole comparator including the probing sensors and the ambient temperature control, 
has been demonstrated in the foregoing paragraph. It should be noted that the comparator 
has to be calibrated accordingly. A condition necessary for high accuracy is the repeatability 
of the measurement results. An increased value of the standard deviation may be caused by 
a reduced quality of the ball bearing slides of the probing sensors, by insufficient quality of 
the measuring faces or by dust etc. 

 
2. WRINGING 

 
Wringing (figure 3) is an important property of gage blocks.  In fact, gage block specifications 
recommend replacing blocks that have lost their ability to wring.  Not everyone uses gage 
blocks in wrung combinations, but wringability is a test on the integrity of the surface 
condition of the gage block. Gage blocks that don’t wring may give erratic and unreliable 
results. The fact that gage blocks wring is incorporated into the lengths of the blocks 
themselves.  Gage block length is defined as an interferometric measurement when the gage 
block is wrung to a flat platen.  This includes one wringing film in the defined length of the 
gage block. 
As the properties of wringing have an important influence on the defmition of the length of 
gauge blocks and the values obtained by interferometry, some features will be described in 
detail. A wringing test with an optical flat is recommended to check the surface quality. 
Lightened spots indicate areas of imperfect wringing caused for example by burr beside 
scratches. Before wringing, the gauge block and platen are to be cleaned with an appropriate 
solvent and dust particles removed. Wringing is to be performed without any adhesive liquid 
supporting wringing. The term ,,wringing film thickness", which is sometimes used, should, 
therefore, be avoided. It is misleading and should be replaced by „wringing influence“. Of 
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course, even after careful cleaning some molecular layers will be left, consisting of water and 
hydrocarbon compounds. However, they will also be present when the gauge block is probed 
by mechanical contacting. It is expected that the layer thickness will be smaller than 
1 nm. 

  
 

Figure 3. Model of a Typical Gauge Block Interferometer 
 

3. INFLUENCE OF WRINGING ON SURFACE ROUGHNESS  

 
Calibration principle of gauge blocks is given by the interferometry measurement of gauge 
blocks which are wrung to the basic plane plate (figure 1). Gauge block is placed on the edge 
of the auxiliary plane plate by its lapped surface and under the permanent pressure 
perpendicular to the second lapped surface is such gauge block moved to the required 
position to properly wring to the plate so there is no possibility to separate them by lifting but 
only by their displacement. 
Wringing should be performed with the temperatures of platen and gauge block close to the 
reference temperature of 20°C. 
The new interferometer NPL TESA AGI 300 was used for investigation the influence of 
wringing (repeatability) on surface roughness. The surface roughness after calibration was 
observed on the Mitutoyo GB with following nominal lengths: 4; 4,5; 5,5; 6; 6,5; 7,5; 8; 8,5; 9; 
9,5. which has the highest tolerance grades – grade K acc. to the standard EN ISO 3650. 
There was used microscopy of the surface method which is making use of the thin stylus 
which copies surface. AFM method (Atomic Force Microscopy) is based on the weak 
attractive forces (e.g. Van der Walls and so on). Regarding the setting, such method is able 
to detect differences in the chemical composition or surface relief. Moreover there was used 
the optical microscopy method which enables to observe and analyze non-transparent 
microscopic objects and structures in the reflected light up to the 1000x magnification without 
any special modifications of the microscope and also under common preparation of samples 
by the grinding and polishing. Detailed research was carried out on the AFM microscope JPK 
NanoWizard 3 at mode called as the Noncontact mode (figure 4).  
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Figure 4. 3D AFM projekce lapovaného povrchu koncové měrky. 
 

At given gauge blocks (with nominal dimensions mentioned above) were for surface research 
compared surface roughness. To describe surface roughness, parameter of Ra were 
chosen. Definitions and parameters commonly used for surface structure determination are 
provided by the international standards.  
To objectively evaluate quality of the investigated gauge blocks surfaces at interferometry 
calibration method was firstly carried out measurement of the roughness (already before 
calibration itself) and subsequently after calibration by AFM method inc. records from the 
optical microscopy.   
 

 
 

Figure 5. Influence number of wringing on GB surface roughness  
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Table 1. The surface roughness after calibration process 

Number of 
Wringing 

Nominal Length (mm) 

4 4,5 5,5 6 6,5 7,5 8 8,5 9 9,5 

1 2,16 2,41 2,5 2,07 2,63 2,13 2,31 2,24 2,63 1,86 

2 2,35 2,79 2,87 2,44 2,98 2,5 2,82 2,55 2,95 1,99 

3 2,64 3,11 3,34 2,94 3,38 2,89 3,08 2,87 3,29 2,43 

Content 
Al2O3 

2,1 (WT%) 

 

In table 1 is shown the overview of chosen surface parameter - Ra. This parameter was 
detected by application of AFM method and measured after GB wring on basic plated after 
calibration process.When the surface quality is compared with help of roughness parametr 
Ra it is possible to state that increase values of roughness is caused by increasing number 
of wringing on basic desk at calibration process. 
The part of laser interferometer – NPL TESA AGI 300s with wringing GB is shown in fig. 6.  
 

 
 

Figure 6.  Laser interferometer measuring chamber for calibration GB  
(NPL TESA AGI 300 – Czech Metrology Institute) 

 

4. CONSLUSION 
 
From the obtained results it is obvious that GB wringing on basic plate truly has significant 
effect on GB lapped surfaces wearing. This statement arises from the analysis of observed 
statistical values – see table 1. With growing wringing number of GB on basic plate there is 
increase of roughness values (Ra).  
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