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A B S T R A C T

Introduction. The development of a method for controlling the accuracy parameters of large axisymmetric 
bodies is an urgent task that is being solved by specialists from various industries. Application for adjustment and 
correction of machining based on the measurement of surface shape parameters directly during machining is shown. 
Purpose of work is to improve mobile processing technologies using special measuring devices and processing 
module. For this, the problems of development and analysis of mathematical models that describe the process of 
basing and machining of a riding ring as a cylindrical object with a non-stationary axis of rotation is solved. A study 
of the methodology is carried out, control schemes are designed, and equipment for processing mobile devices is 
developed. The methods of research are the analysis of the developed mathematical models, taking into account the 
assignment of effective technological modes. Three-dimensional and simulation modeling of processing, hardware-
software implementation of proposed solutions, and statistical processing of measurement results are carried out. 
Results and discussion. The algorithm and methodology are tested with a three-dimensional simulation model. The 
presented methodology for measuring and calculating the allowance for mechanical restoration can signifi cantly 
reduce machining time compared to active form control and compared to the traditional method of assigning an 
allowance for machining. The measurement and adjustment of the allowance based on the measurement data is not 
carried out after each measurement, but only in the case of transition to fi nishing transitions or for accuracy control. 
It is determined that by providing a single technological base for each individual technological transition within 
the framework of the mobile technology of machining of the rolling surface of the riding rings of technological 
drums, the accuracy and speed of processing increase. An original design of the device for monitoring parameters is 
developed; an experimental assembly and a laboratory model of the riding ring are made.
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Introduction

Large tubular, drum-type rotating units ranging in length from several tens to several hundred meters 
are used in a number of industries [1, 2]. Its characteristic feature is a unifi ed operating principal, which 
includes continuous movement of large masses of material with its parallel treatment: heating, grinding, 
washing [3, 4]. The development of a method to control the accuracy parameters of large rotary bodies is an 
urgent task being solved by specialists from various industries [5]. The shape defects are associated not only 
with large size and weight, but also with the location conditions of the units, under which the position of 
the rotation axis is not constant. This factor also determines the specifi cs of the work to ensure the accuracy 
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of the shape of these surfaces by machining during the technological rotation of the unit [6, 7]. Hence, it is 
critical to develop a technology ensuring the shape accuracy of the rolling surface of riding rings, for which 
it is possible to calculate the modes and predict the result of processing. It is important for this technology 
to apply active methods to control the processing based on the measurement of surface accuracy parameters 
directly during processing. At the same time, the most relevant issues include modeling and calculation 
of processing modes based on data obtained after measurement [8]. The introduction of the mechanical 
processing technology with regard to rollers and riding rings of cement kilns and elements of any large 
structures requires the development and manufacture of special equipment, namely a measuring device and 
a processing module [9]. 

The most complete information on a complex technical system obtained on the basis of mathematical 
modeling and measurement serves the basis for the design of automated and regulated technological 
processes [10–12]. 

Solutions in the fi eld of measuring cylindrical parts and calculating the shape error [13-16] in conditions 
of basing uncertainty, complex operating conditions are based on statistical and deterministic mathematical 
models describing cylindrical bodies in statics and dynamics. There are mathematical models describing 
the behavior of cement kiln elements (riding rings, support rollers) and similar units and mechanisms based 
on various approaches and assumptions [17–19]. 

There are non-contact measurement systems [20–22] that improve the accuracy of measurements under 
conditions of vibration and dustiness of cement production, using laser research methods.

Besides, there is a need to develop the appropriate software for these devices. It is obvious that this 
requires a lot of time and considerable fi nancial costs. Therefore, for the initial analysis of the effectiveness 
and applicability of the proposed technology, it should be tested using virtual modeling or a digital twin of 
the riding ring machining process.

The purpose of this work is to improve mobile processing technologies using special measuring devices 
and processing modules. This will signifi cantly increase the interrepair cycle and reduce the time of 
mechanical processing of large parts – rotary bodies. 

The objectives of the study are to develop and analyze the mathematical models describing the basing and 
machining of a riding ring as a cylindrical object with a non-stationary rotation axis, to study the proposed 
methodology, to develop the control schemes and to implement the equipment for mobile machining. 

Materials and methods

A full cycle of works was implemented during the study, which utilized the original control method: 
from determining the shape accuracy parameters to processing simulation along the calculated scheme. 

A riding ring is a large cylindrical body with a non-stationary rotation axis. During operation it is based 
on support rollers, while the unit itself does not have the rotation axis. Typically, the rollers are mounted at 
an angle of 60° relative to the kiln axis. Depending on the length and weight of such a technological drum, 
the number of supports may vary from 2 to 8–10 pieces. 

The location scheme does not change during repair machining or shape control (without the unit 
removal), while the processing module with the tool is based on the processed surface, and a centerless 
processing scheme is implemented. According to one of the existing technologies, the machining of support 
elements of rotating cement kilns is assigned after detecting the error in the shape of these parts exceeding 
the specifi ed value. 

The shape parameters of the rolling surface of operating kilns riding rings were taken for the virtual 
model. This allowed a comparative analysis of the machining techniques used. The rolling surface directly 
adopted for the model (Fig. 1) has a nominal diameter of 6.1 m, a width of 1 m, with a total radial runout 
value of about 12 mm, and a barrel-shaped profi le of the longitudinal section. The virtual model of the 
riding ring and devices was performed in the Siemens NX computer-aided design system. 

The calculation of the machining allowance requires data on the accuracy parameters of the shape 
of the entire machined surface. The following measurement technique with three-dimensional digital 
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reconstruction and the implemented measuring device ensure the accuracy of the shape of the technological 
drum riding rings directly during the technological rotation of the units. 

When developing the machining route, the possibility of correcting the accuracy of the surface shape 
to specifi ed values according to industry standards was investigated, i.e. the deviation of the real profi le 
of the entire surface from the cylinder inscribed in it, 3.05specified

TFZ   mm, using a belt-abrasive method 

and minimizing the machining allowance (removing the allowance to the dimensions of the inscribed 
cylinder).

Mathematical models for machining technology and machining simulation

Calculation of the motion trajectory of an independent support copying device 
(hereinafter referred to as ISCD)

The algorithm for the calculation of the ISCD position during its movement along the contour of the 
base section looks as follows (Fig. 2): 

– the axis of the fi rst support roller of the ISCD (point Pro1) is aligned with nEK point of the previously 
obtained equidistant; 

– the position of the second support roller of the ISCD (point Pro2) is calculated at the equidistance; 
– the rotation angle of the local coordinate system of the ISCD LCSISCD relative to BCSgeneral is calculated; 
– the equation of the straight line passing through the point of the tip of the cutting tool parallel to the 

plane of its movement is determined; 
– the algorithm is repeated for all equidistant points. 
To fi nd the rotation angle of the ISCD local coordinate system (LCSISCD, Fig. 2) there is a need to 

determine the position of point Pro2 for each position in BCSgeneral. 
Formulas for calculating the rotation angle of LCSISCD relative to BCSgeneral (1–6) for the m-position of 

the ISCD with known coordinates of points Pro1 and Pro2: 

 2 _ 1 _

2 _ 1 _
arctg

Ppo m Ppo m
m

Ppo m Ppo m

y y

x x

 
     

,   at    2 _ 1 _ 0Ppo m Ppo mx x   (1)

Fig. 1. Virtual model of the riding ring and the virtual models of the measuring device 
and the processing module installed for processing:

1 – model of the riding ring; 2 – measuring device; 3 – processing module
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Fig. 2. Schematic diagram of the calculation of the processing module position 
(A – line corresponding to the axis of movement of the cutting tool edge)

 0m  , at 2 _ 1 _ 0Ppo m Ppo mx x     and   2 _ 1 _ 0Ppo m Ppo my y    (2)
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2m


   ,   at   2 _ 1 _Ppo m Ppo mx x     and   2 _ 1 _ 0Ppo m Ppo my y  , (6)

where xРро1_m and yРро1_m – coordinates of point Pro1 in BCSgeneral for m-position of the ISCD; xРро2_m and 
yРро2_m – coordinates of point Pro2 in BCSgeneral for m-position of the ISCD. 

Under known coordinates of the axis point of the support roller Pro1, the structural parameters of the 
ISCD and m  angle corresponding to the rotation of LCSISCD relative to BCSgeneral, the geometric coordinates 

of the extreme point of the cutting part of the tool Pcut (hereinafter referred to as the cutting point) in 
BCSgeneral are found according to the formula (7): 

 
1 __

max_ 1 _

cos( ) sin( )

sin( ) cos( )

Ppo mPcut m m m

Pcut m Ppo m m m

xx N

hy y

        
                     

,  (7)

where xPcut_m and yPcut_m – coordinates of the Pcut point in BCSgeneral for m-position of the ISCD. 
Then the equation of the straight line passing through the known point Pcut along the axis of move-

ment of the cutting tool in the current position of the ISCD (line A, Fig. 2) is calculated according to the 
formula (8): 

 _ _( ) ,Pcut m Pcut my k x x y     (8)

where k is the coeffi cient of the inclination angle of the straight line, determined by formula 9:

 tg .
2mk
    

 
  (9)
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For the case where 
2 2m
 

   , the equation of straight line corresponds to formula (10): 

 _ .Pcut mx x   (10)

Calculation of the ISCD motion path 

Correcting the accuracy of surface shapes, while ensuring the conditions for removing the maximum 
allowance and the absence of cutting the surface to an inscribed circular cylinder at each transition, is 
carried out by calculating the limiting value of the cutting tool overhang per transition p_max

Ih  (where I is 

the transition sequence number). The value p_max
Ih  is determined based on the calculation of the trajectory 

of the ISCD motion trajectory along the contour of the base section of the surface and data on the parameters 
of the inscribed cylinder (Fig. 3).

Fig. 3. Schematic diagram for the calculation _ max
I
ph  of the transition:

1 – processing module; 2 – contour of the base section; 3 – contour of the 
inscribed circular cylinder; 4 – contour of the surface before machining at the 
transition; 5 – contour surface after machining for a wide transition; 6 – equi-
distant to the contour of the technological section; k-k – surface area suitable for 

this base

The calculation algorithm for _ max
I
ph  is the following sequence:

1. The point of intersection of the straight line corresponding to the axis of movement of the cutting tool 
in the current position of the ISCD (Equation (8)), with the contour of the section of the inscribed circular 
cylinder _

C
cut mP  is calculated.

2. The distance from the point _
C
cut mP  to the zero point _0cut mP  of the ISCD is calculated (the point 

at which the cutting tool overhang is taken as 0I
ph  ). The calculation is made according to formulas (11) 

and (12): 

 2 2
_ _ 0 _ _ 0 _( ) ( ) ,I
p m Pcut m P m Pcut m P mh x x y y     (11)
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where xР0cut_m and yP0cut_m are the coordinates of the point P0cut_m in BCSgeneral for the m-position of the 
ISCD, determined by the formula:

 
1 _0 _

0 _ 1 _

cos( ) sin( )
.

sin( ) cos( ) 0

Ppo mP cut m m m

P cut m Ppo m m m
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 (12)

3. From the obtained distances the minimum value is selected and is set as _ max
I
ph . 

4. Points k
cutP  are calculated for all positions of the ISCD with a cutting tool overhang equal to _ max

I
ph . 

Based on the obtained points k
cutP , a B-spline is constructed, which determines the maximum achievable 

shape of the surface section contour after machining at a given transition (line 5, Fig. 4). The calculated 
value _ max

I
ph  determines the maximum allowance to be removed at the I-transition, which provides 

machining of the surface to the dimensions of an inscribed circular cylinder (without gouging).

Calculation of the maximum cutting depth

From the adopted processing scheme and strategy for setting the working strokes it follows that the 
actual cutting depth is a variable and depends on the ISCD motion trajectory along the base surface section, 
as well as on the distortion of the surface shape in the section being processed. Thus, it is possible to exceed 
the maximum permissible cutting depth max

pert  (per. – permissible), at which the cutting tool and/or the 
processing module will fail. In order to prevent this failure it is necessary to calculate the maximum achieved 
cutting depth max

kt  (Fig. 4) in each kth cross section of the processing area for the current parameters of the 

limit value of the cutting tool extension _ max
I
ph  to the technological transition.

The value max
kt  in the kth section on the basis of the previously given model of the forming process is 

calculated according to the following algorithm. 

Fig. 4. Schematic diagram of calculating the depth of cut 
in the kth section 

1 – processing module; 2 – base section contour; 3 – inscribed circular 
cylinder contour; 4 – surface contour before machining at the current 
transition; 5 – calculated surface contour after machining for the current 
transition; zi – is the calculated maximum machining allowance for the 

current transition and the position of the NOUK
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Calculation of the tool cut-in points for each ISCD position

The coordinates of point k
iP  (Fig. 4) corresponding to the intersection of the straight line, along which 

the cutting tool is moved (equation (8)) with the contour of the cross-section of surface 4 (Fig. 4), are 
calculated prior to processing for each of the known ISCD positions obtained during the _ max

I
ph  calculation. 

Each point _
k
cut mP  should correspond to only one point k

iP , however, in the general case, the solution 

has two points of intersection of the straight line (equation (8)) and the contour of the processed section of 
surface 4 (Fig. 4). Therefore, for further calculations, a point is taken for which the modulus of distance 
from the point k

cutP  is the smallest.

Results and discussion

Determination of shape accuracy parameters of a virtual riding ring model

To determine the accuracy parameters of the shape of the rolling surface of the virtual riding ring model, 
its virtual reconstruction was carried out based on the measurement of 6 cross sections. Each section was 
200 mm apart from the adjacent one, with the extreme sections coinciding with the edges of the model. 

A parameterized virtual model of the measuring device (Fig. 1) corresponding to the original basic 
patented scheme of the measuring device, as well as a software module (Fig. 5) implementing an algorithm 
for calculating the accuracy parameters of the cross-section shape were used for experimental measurements 
and to check the operability of solutions.

Fig. 6 shows the calculated distribution of k
TFEC  for sections with the maximum and minimum value 

of the shape error. 
The combined diagram of section contours and the inscribed cylinder are shown in Fig. 7. The obtained 

calculation data on the accuracy parameters of the rolling surface shape are used for further analysis and 
development of the machining route.

Construction of a machining route 

According to the proposed technology, the processed surface was initially analyzed according to the 
data on its geometric parameters of shape accuracy obtained at the measurement stage. 

                                   a                                                                                              b
Fig. 5. Software implementation of the shape calculation algorithm: 

a – program user interface; b – log window when calculating surface shape parameters
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                                     a                                                                                                  b
Fig. 6. Round diagrams of the shape deviation distribution of the verifi cation sections: 

a – section No.1; b – section No.4

Fig. 7. Combined diagram of the contours of the sections and the inscribed 
cylinder: 

a – plot of the graph in the region of the minimum error in the shape of the surface; 
b – plot of the graph in the region of the maximum error in the shape of the surface

a

b

It follows from the data analysis that section No.1 has the smallest value of the parameter 1
ECR  , as 

well as 1
TFEC . At the same time, section No.2 has one of the smallest shape errors. Thus, according to the 

proposed processing scheme, a surface area from section No.1 to section No.2 is taken as a possible surface 
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area for the location of the processing module. Besides, in view of the accepted width of the support rollers 
of the processing module, a section with a width of 100 mm from section No.1 is taken for the main 
technological base at the fi rst transition. The section is hereinafter designated as M-1. 

In the process of the 1st technological transition, the processing module is based on an unprocessed 
surface, and since the profi le of the longitudinal section in this area has non-rectilinear generatrices, the 
calculated trajectory of the ISCD will differ from the actual one. Therefore, the following rules are adopted 
for the machining route:

The calculation of the trajectory of the movement of the ISCD should be be carried out along the cross 
section of the main technological base with a minimum value of k

TFEC . Besides, _ max
I
ph  is also calculated 

for this section. 
When calculating the values of ,I k k

pGh
  , in order to exclude the possibility of exceeding the maximum 

permissible value max
pert , in the case of severe wear of the rolling surface of the riding ring, a corresponding 

reduction max
pert  is necessary.

After performing the 1st transition, it is necessary to perform the operation of determining the geometric 
parameters of the accuracy of the shape of the machined surface areas and adjust the calculation of the 
machining route according to the data obtained.

After performing the 1st transition it is necessary to determine the geometric parameters of the shape 
accuracy of processed surface sections and correct the calculation of the machining route based on the 
obtained data. 

In order to reduce the main processing time, it is rational to machine two small and adjacent surface 
areas (sections M-1 and M-2) until the required shape accuracy parameters are obtained on one of them. 
After obtaining a surface area with the required shape error, it is taken as the main technological base for 
processing the entire remaining surface. Thus, at the 1st transition, the calculation and simulation of the 
processing of a surface area 100 mm wide adjacent to the main technological base – M-2 – was performed 
(Fig. 8).

According to the calculation of the parameters of the machining route technological modes in the devel-
oped software, the maximum cutting depth of the _maxkt  machined section M-1 for the 1st transition was 

Fig. 8. Machining simulation result after fi rst transition
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2.247 mm at _ max 56.21I
ph   mm. In this case, the value 2

ECR  of the processed area should decrease 

by 0.48 mm and amount to 2 11.527ECR   mm. 
According to the results of virtual simulation of the machining process in CAD NX for the value of 

_ max
I
ph , followed by the determination of the geometric parameters of shape accuracy, the maximum 

depth of cut tk_max was 1.957 mm (Fig. 9, a). The value 2
ECR  of the processed area decreased by 0.34 mm 

and amounted to 2 11.667ECR   mm (Fig. 9, b). Accordingly, the actual output parameters of the geomet-
ric accuracy of the shape of the machined section M-1 were slightly worse than the calculated ones. The 
obtained data was transferred to correct the machining route.

Fig. 9. Round diagram of the shape deviation of the contour of the 
processed surface area at the 1st transition:

a – before processing; b – after processing

a

b

The calculation and simulation of processing showed that the proposed processing scheme allows at 
each individual transition to correct the geometric accuracy of the shape only to the fi nal value. So, for ex-
ample, at the 2nd transition the maximum value of 1

ECR   achieved for the processed M-1 area was 11.365 

mm (Fig. 10, a). Besides, in case 2
_ maxph  exceeds the calculated value, a decrease in the radius of the in-

scribed cylinder RCc is observed. 
The further machining route also assumed the processing of two adjacent surface sections M-1 and M-2, 

between sections No.1 and No.2 until the standard value of k
ECR  was reached. At the same time, before 

each technological transition, the main technological base was changed to the area processed at the previous 
transition with a minimum value of k

ECR .

According to the calculations, the standard value of the radial runout is achieved in the M-2 are in 51st 

technological transition  according to OST 22-170-87 for the weld-in riding ring of a cement kiln with a 
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Fig. 11. Graph of the change in the k
ECR  value of the cross sections of the processed surface areas 

M-1 and M-2 from the 1st to the 51st transition inclusive

Fig. 10. Round diagram of the shape deviation of the cross-sectional contour of the machined area after 
the 2nd transition:

a – 2
_ max 56.2ph   mm; b – 2

_ max 57.2ph   mm

a b

diameter of ø6.1 m, the value is . mm3 04specified
ECR  . After performing the 51st transition in section M-2, 

the value 2 2.998M
ECR

   mm, and in section M-1, the value is 1 3.082M
ECR
   mm. Thus, the surface area 

M-2 will be further used for the last technological transition, which involves machining the entire remaining 
part of the surface. Fig. 11 shows a graph of the change in the k

ECR  value of the cross sections of the pro-
cessed surface areas M-1 and M-2 from the 1st to the 51st transition inclusive.

Prior to the last transition, an operation was performed to determine the geometric parameters of the 
shape accuracy of the M-2 surface area, which is taken as the main processing base for the 52nd transition. 
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The need to perform this operation is due to the fact that if the actual value of the shape error in this area 
is exceeded, the required parameters of geometric accuracy of the rolling surface shape per the calculated 
number of working strokes during the last transition may fail to be achieved.

The results of the virtual simulation of the machining process in CAD NX made it possible to conclude 
that the actual parameters of the geometric accuracy of the shape of M-2 area correspond to the calculated 
ones. Thus, no correction of the machining route was required. 

According to calculations, in order to ensure the specifi ed accuracy of the shape of the entire remain-
ing surface at the 52nd transition it is necessary to produce 14 working strokes characterized by a different 
amount of cutting tool extension for each surface area. At the same time, the 15th working stroke with the 
processing depth of 0.07 mm was introduced to ensure the required surface quality (Ra 6.3–12.5 μm). 

Fig. 12 shows the computed distribution of the maximum machining allowance for each machined area 
and working stroke. 

Fig. 12. Distribution of maximum allowances for processing a surface area on 
a working stroke of the 52nd transition
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Simulation and determination of geometric parameters of the accuracy of the rolling surface shape at 
the 52nd transition using CAD confi rmed the reliability of the calculated processing modes and the resulting 
error values. 

The main processing time along the specifi ed route taking into account processing until the stop and the 
riding ring revolution rate of ~ 1 rpm will be: 

1st transition: 

 2 pass 100 mm 2 rev 2 pass
8 min;

50 mm/rev 1 rpm 1 rpm (for cutting extension)

 
 


  (13)

51st transition:

 5 pass 100 mm 2 rev 50 pass
200 min;

50 mm/rev 1 rpm 1 rpm

 
 


 (14)

52nd transition:

 2 pass 100 mm 1 pass 600 mm 14 pass 800 mm 2 rev 15 pass
200 min.

50 mm/rev 1 rpm 50 rpm 1 rpm 50 mm/rev 1 rpm 1 rpm

   
   

    
(15)

The total processing time was 478 minutes or 7.97 hours. 

Using a virtual model when assigning a technological allowance for machining

The algorithm for measuring and determining the accuracy parameters of the cross-sectional shape 
may be implemented in a processing machine module. The enlarged scheme of the proposed technology 
is divided into two main stages: calculation and simulation of the processing route, machining and preset 
operations to determine the shape accuracy. 

To calculate the technological allowance, an analysis of the machined surface is carried out according 
to the data on its parameters obtained at the measurement stage.

Then, the current technological base for the next pass is determined based on the calculation results, and 
the parameters of the processing module are adjusted based on the calculations. 

After machining, the geometric parameters of the shape are checked and the process route is adjusted. 
The measured surface and the regulatory requirements for the surface are used as the initial data for 

calculations. 
The essential difference of this technology is that processing is carried out up to the parameters of the 

maximum inscribed circular cylinder, taking into account regulatory requirements, but, if necessary, it can 
be processed more accurately.

Processing is performed until the required shape accuracy reaches the desired value. Based on the 
results of the virtual simulation of the machining process in CAD NX, the actual parameters of the shape 
accuracy correspond to the calculated ones. Thus, no adjustment of the machining route was required. 

Development and manufacture of a measuring device 

To implement the above algorithm for measuring the shape accuracy parameters, an experimental sam-
ple of the measuring device [23] was developed; its scheme is shown in Fig. 13 [23].

Fig. 14 and 15 show the implemented design of the experimental surface shape control measuring 
device based on sensors and electronic components of the domestic manufacturer [24].

The experimental assembly (Fig. 15) consists of a base plate (1) on which one roller support (2) and 
an experimental model of the measuring device (3) are hinged. The model of the body (4) with its external 
surface rests on support roller and probes of the surface measuring device. The side surface of the body 
model rests on adjustable supports of the base plate. 

After assembling and connecting the measuring device model to the computer (5), the measuring 
algorithm was debugged. With this arrangement, the required number of degrees of freedom of the surface 
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Fig. 13. Device for measuring product shape parameters: 
1 – case; 2 – basic supports; 3 – base; 4 – roller; 5, 14, 15, 17 – angular displacement 
sensors; 6 – rocking chair; 7, 18, 23 – guides; 8 – rod, 9 – linear displacement 
sensor; 10, 21 – compression spring; 11 – measuring support, 12 – base of the 
measuring support; 13 – roller; 16 – rod; 19 – frame; 20 – linear displacement 
sensor; 22, 24 – transverse movement mechanism; 25, 32 – electric drive; 26 – 
block for collecting, processing and storing information; 27 – full turn sensor; 
28 – detail; 29 – part surface; 30 – mount; 31 – longitudinal movement device; 

32 – power drive displacements [24]

model is provided with the possibility of its free rotation. This experimental assembly allows simulating the 
actual process of technological rotation of the support of the technological drum installed on two support 
rollers with the possibility of determining the accuracy parameters of the rolling surface shape with the 
experimental model of the measuring device. Control of adjustment and adjustment accuracy is carried out 
on a reference surface with a known radius of curvature, as well as end gauges.

Summarizing the above and based on accepted principles and approaches, the proposed technology 
includes the following sequence of actions: 

1. Planned measurement of the riding ring rolling surface in order to detect the excess of permissible 
values of the shape accuracy parameters: 

 3D digital reconstruction of the surface; 
calculation of surface shape accuracy parameters; 
data recording and storing, determining the need for machining; 
2. Simulation the process of shaping the machined surface for multi-pass machining: 
processing of measurement data and parameters of the processing module; 
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Fig. 14. Experimental sample of the measuring 
device with the control unit

Fig. 15. Measurement on a laboratory sample: 
1 – base plate; 2 – support roller; 3 – measuring device; 

4 – rotation body model; 5 – computer

calculation, construction and selection of the optimal machining route, as well as technological 
processing modes for each technological transition; 

data recording and storing; 
3. Surface machining: 
multi-pass machining according to the calculated machining route; 
intermediate measurements control with determining the parameters of the surface shape accuracy or 

its part, if necessary;
adjustment of the machining route based on control measurement data; 
4. Final control measurement of surface shape accuracy parameters. Correction of the machining route, 

or completion of machining.

Conclusion

The presented method and virtual simulation of measurements for reduction processing make it possible 
to signifi cantly reduce the processing time compared to the technology with active shape control and the 
traditional method, in which the allowance is removed with correction after each pass. The difference is that 
the machining route is calculated in advance and the measurement with correction is made only as needed.

It is determined that by providing a single technological base for each individual technological transition 
within the framework of the mobile technology of mechanical processing of the riding rings rolling surface 
of technological drums, the accuracy and speed of processing increase. In addition, inheritance of accuracy 
parameters for the entire surface is provided, which makes it possible to obtain a single profi le of the 
longitudinal section of the entire surface. Thus, in the case of basing on a surface area with a minimum 
shape error, the number of technological working strokes necessary to achieve the required accuracy of the 
surface shape is reduced.

The processing of the entire remaining part of the surface, except for the area of basing, at each 
technological transition is signifi cantly less effi cient than the processing of only the surface area for rebasing 
until standard accuracy parameters are obtained at the processed area. Then basing is performed along the 
obtained surface area with the processing of the remaining surface. In this case (for the virtual model) the 
processing of 800 mm between areas took 15 working strokes, and in case of processing the entire surface 
at each transition it would take 52 working strokes. 

Virtual modeling, control method and allowance determination method make it possible to obtain 
technical results and solve the problems of increasing the performance and ensuring the control accuracy of 
complex surfaces on coordinate measurement machines.
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