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Abstract: At the Kielce University of Technology (PL) a 
new method of cylindricity measurements using V-blocks 
has been developed. Results of the statistical verification of 
the method show that its accuracy equals about 19% in 
relation to accurate radial method. The paper presents results 
of the research work covering the analysis of potential 
sources of errors of the method, related to the method 
parameters. 
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1.    INTRODUCTION 

Cylindrical elements belong to a numerous and 
important group of machine parts. Although cylindricity 
measurement of small elements has reached a high 
metrological level, with instruments of high accuracy, the 
problem of large-size cylinders, encountered in 
shipbuilding, power industry, paper industry, metallurgical 
industry, etc., has not been solved so far [1]. As their size 
and mass make it impossible to take measurements at a 
measuring stand, cylindricity deviation of such elements has 
been evaluated in a simplified way, through the roundness 
profile measurement in a few selected cross-sections. Yet, 
such an approach is becoming unsatisfactory when we take 
into account the new standards set in the Geometrical 
Product Specification system. It requires that such 
cylindricity measurement methods be developed that enable 
an accurate cylindricity deviation measurement of elements 
on the production line, directly on a machine tool or a work-
stand [2]. Responding to the need, the Kielce University of 
Technology made efforts to adapt the so called reference 
method (called also a V-block method) to accurate 
cylindricity measurements. It was assumed, as was in the 
case of roundness profile measurements before, that the 
reference method can be applied to accurate cylindricity 
measurements of machine parts directly on a machine tool 
or a work stand. Figure 1 presents the diagram for the 
measurement taken by means of the developed concept.  
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Fig. 1. Cylindricity measurement using V-block method 

 
The proposed concept of cylindricity measurement by 

means of the V-block method assumes that the measured 
object is placed on a machine tool (in a centering device). 
Two interconnected V-blocks adhere to its surface. The 
connecting element of the V-block functions additionally as 
a guide, along which an induction sensor is shifted. The V-
blocks are slightly pressed down to the measured object by 
means of a set of springs, which ensures their stable contact 
with the object in rotation. As the V-blocks are connected 
with the machine tool, they cannot move along the object. In 
the measuring device, both the object’s angle of rotation and 
the sensor’s displacement are controlled by means of a 
computer controller. The cylindricity measurement of an 
object implies appropriate scanning of the object’s surface 
with a measuring sensor, along the suitably designed 
trajectory, through appropriate steering of the object’s angle 
of rotation and sensor’s displacement. Values α and β shown 
in fig.1 are the angular parameters of the V-block method 
for cylindricity measurement. They are responsible for 
detecting particular harmonic components of the measured 
cylindricity profile. 

The developed concept has been presented in a number 
of publications, including [3]. It requires a mathematical 
transformation of the sensor-recorded profile into the real 
profile.  The test measuring device, presented in fig.2., was 
constructed based on the concept assumptions.  



 
Rys. 2. A model  test  measuring device for V-block  measurement of 

cylindricity profiles  PSA 6 
 
The experimental verification of the developed V-block 

measurement of cylindricity concept was conducted by 
means of a model test measuring device PSA 6. It involved 
statistical comparison of cylindricity deviation measurement 
results for a number of cylindrical elements. The cylindricity 
deviation for each sample element was determined with two 
methods: the investigated V-block method and the highly 
accurate radial method. The conducted tests, the results of 
which were published in [4] and other works, showed that 
the accuracy of  the cylindricity deviation measurement 
taken by means of the proposed method is about 19% 
compared to the highly accurate radial method (at the 
adopted probability level P=0,95). The obtained accuracy of 
the method makes it possible to use it for industrial 
measurements.  

As the applicability of the V-block method to 
cylindricity measurements was proved, the next step was to 
look for its improvement and measurement accuracy 
enhancement. The work mainly involved the analysis of 
potential sources of measurement errors, and their 
elimination or compensation through specially developed 
procedures.  

The theoretical analysis of potential sources of 
cylindricity deviations measurement errors for V-block 
method revealed the following two groups:  
- Errors related to the fact that angular parameters values 

of the method are different from the nominal ones 
- Other errors related to the measurement system (e.g. a 

rectilinearity error of the guide, its tilt relative to the 
object, etc.). 

This article refers to the theoretical analysis of potential 
sources of measurement errors related to angular parameters 
of the method - angles α and β (see fig. 1).  

 
2. ERRORS RELATED TO METHOD PARAMETERS 

The results of the roundness measurements conducted by 
means of the V-block method prove that the method angular 
parameters values influence the recognition of particular 
harmonic components of the profile [5]. Changing them will 
then influence, to a certain degree, the obtained profile 
values. In order to investigate the influence of errors related 

to the method parameters on the obtained results, the 
theoretical analysis of the problem, further backed up with 
computer simulations, was carried out. The following 
sources of errors were considered: 

a) a real value of  β is different from its nominal value 
b) a real value of α is different from its nominal value, 

and analyzed were the cases where: 
- angles of both V-blocks are equal, 
- angles of V-blocks are different from each 

other. 

2.1.  Difference between a real and nominal value of β 

For the purpose of investigating the influence the 
difference between the real and nominal value of β has on 
the change in the measured profile value, a computer 
simulation was carried out. It helped generate the nominal 
profile and the profile recorded by the sensor, when the real 
value of  β is different from its nominal value. 

The simulation helped define the difference of the 
profiles values. Figure 3 presents the difference of profiles 
obtained for values  nβ=β  and for rβ=β , where °=β 90n  

and °=β 89r .  
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Rys. 3. Difference of profiles obtained through a simulation of the 

difference between a nominal and real value of  β 
 
The difference maximum value for the compared 

profiles is 0,63 µm, which is about 4,5 % of the cylindricity 
deviation value. As both profiles were defined for angles nβ  

and rβ , with a considerable difference ( °=β−β 1rn
), we can 

assume that the difference between the nominal and real 
value of  β has an insignificant influence on  the V-block 
cylindricity measurement result.   

2.2.  Difference between real and nominal value of α 

In our discussion over the influence of the error of α on 
the measurement result, we will introduce new notation: 0α  

will stand for half the angle of the initial base V-block, and 

Lα will stand for half the final base V-block. Also, the 

nominal value of α will be denoted by nα , whereas rα will 

stand for   the real value of α. As we mentioned before, 
while analyzing the error of α we can deal with two cases:  



- angles of both V-blocks are different from the nominal 
value, being equal to each other, that is nα≠α 0  and 

nL α≠α , but Lα=α 0 , 

- angles of both V-blocks are different from the nominal 
value and different from each other, that is nα≠α 0  

and nL α≠α , but Lα≠α 0 . 

a)   case of equal angles of V-blocks 

The case analysis of equal angles in the both V-blocks 

Lα=α 0  was conducted analogically to the case of angle β 

error, described in 2.1. Appropriate computer procedures 
helped make a simulation of profiles obtained for the ideal 
case, which is when angles of both V-blocks are equal to the 
nominal value, and for the discussed case – that is when 
angles of both V-blocks are equal to each other but different 
from the nominal value. Figure 4 presents the difference in 
profiles obtained for nL α=α=α 0  and for rL α=α=α 0 , 

where °=α 90n  and °=α 89r . 

 
 

Sensor displacement 
[mm] 

Rotation angle [rad] 

D
iff

e
re

nc
e 

of
 t

he
 p

ro
fil

es
 [µm

] 

 
Rys. 4. The difference between the model profile and the profile 

obtained through the error simulation of α 
 
The difference maximum value for the compared 

profiles is 0,76 µm, which is about 5,2 % of the cylindricity 
deviation value. As both profiles were defined for angles 

nα  and rα , the difference of which is considerable 

( °=α−α 1rn ), we can assume that when the both V-blocks 

have equal angles, the influence of the difference between 
the nominal and real value of α on the cylindricity V-block 
measurement result is insignificant.  

b)   case of unequal angles of the V-blocks 

While analyzing the case of unequal angles of the V-
blocks, two kinds of errors are encountered: 
- calculation error caused by failing to use calculation 

procedures in which the nominal value of α  is present  
for transforming the profiles obtained by means of the 
V-blocks, whose Vee angles are equal to 0α  and 

Lα respectively, 

- the error caused by the guide’s axis tilt relative to the 
measured object, due to the fact that Lα≠α 0 .  

Computer simulations helped analyze the first case 
through the simulation of the profile obtained by means of 
the system with V-blocks angles equal to the nominal value 
and for the system with unequal V-block base angles (with 
the analysis of the guide’s axis tilt to be conducted later). 
The difference of the generated profiles is show in fig.5.  
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Rys. 5. The difference of the model profile and the profile with the 

considered computational terror caused by the V-blocks angles 
difference  

 
As shown in fig.5, the value of the profiles difference 

changes together with the sensor displacement along the 
element of the cylinder. The error results from the guide’s 
axis tilt relative to the base cylinder’s axis, which will be 
discussed later in the paper. The compared profiles 
difference maximum value is 0,23 µm, which is about 1,5 % 
of the cylindricity deviation value. We can thus assume that 
the computational error related to the mathematical 
transformation of the cylindricity profile, obtained with the 
V-blocks of unequal angles of Vee, has little influence on 
the result of V-block cylindricity measurement.  

Let us discuss the guide’s tilt relative to the measured 
object, caused by unequal V-blocks angles, and its influence 
on the measurement result. The conducted analysis showed 
that the influence can be described with the following 
dependences: 
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In the above mentioned dependences, ),(
0

zF
L

ϕαα is the 

profile recorded for the tilted axis of the guide, ),( zF ϕ  is 

the nominal cylinder profile, ϕ  is a cylinder rotation angle, 
z is a measuring point coordinate, where axis Z coincides 



with the cylinder’s axis, β  is the previously defined method 

parametr (see fig.1.), R is a radius of the cylinder’s nominal 
profile, 0α  is an angle of the initial base V-block, Lα  is an 

angle of the final base V-block, and nα  is the nominal value 

of the angle of base V-blocks.   
Dependences (1)-(4) helped carry out a computer 

simulation for the influence of the guide’s axis tilt, caused 
by the difference of V-blocks angles, on the obtained signal 
value. For the purpose of the simulation, the following 
method parameters values were adopted: °=α 95,590 , 

°=α 97,59L , °=α 60n , °=β 90 . An ideal cylinder with a 

radius of 200 =R  mm was the nominal profile. The 

simulations showed that the difference of base V-blocks 
angles would bring about the recording of the profile’s 
conicity virtual deviation. The diagram shown in fig.6, 
resulting from the simulations, features the difference of the 
nominal profile and the profile recorded by the sensor, 
caused by the tilt of the sensor’s guide’s axis.  
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Rys. 6. Difference of the model profile and the profile recorded by the 

sensor moving along the guide tilted relative to the object’s axis. 
 
Figure 6 illustrates the assumption that the difference 

between profiles changes linearly, together with the change 
in value of z, which corresponds to the sensor’s 
displacement along the element of the measured cylinder. 
The profiles difference maximum value is about 11,7 µm. 
Such a considerable difference, obtained for a small 
difference of V-blocks angles, equal to °=α−α 02,00L , 

implies that the V-blocks angles difference will have a huge 
influence on the obtained measurement results.  

3.   CONCLUSIONS 

The outcome of the tests we conducted proves that the 
V-block method can be used for cylindricity measurements 
in industrial environment, even directly on a machine tool or 
a work stand.  

At the same time, there are high possibilities of 
increasing its accuracy through elimination or compensation 
of the errors related to the method angular parameters, and  
other possible sources of errors, e.g. rectilinearity deviation 
of a guide, etc.  

The analysis of the effect of the method parameters 
angular values on the obtained measurement result shows 
that the accurate determination of angles α  and β  can 

contribute to a significant enhancement of measurement 
accuracy. Particular emphasis should be placed on ensuring 
that the angles of both base V-blocks are equal. A little 
difference causes a huge measurement error ( in the 
analyzed case the difference of °02,0  caused an error of 
about 11,4 µm).  

Other analyzed here cases did not cause such errors. 
However, in order to enhance the cylindricity V-block 
measurement accuracy, the impact of each potential errors 
source should be eliminated or compensated.  
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