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Abstract - Since grinding is a finishing process, the study of the influence of various factors on the
accuracy of processing is an important task. One of the main reasons for the occurrence of grinding
errors is the temperature deformation of parts and units of grinding machines. This paper is
devoted to the experimental studies of temperature deformations of the bed of cylindrical grinding
machine tools, resulting from its heating under the influence of various heat sources: namely, due
to the friction of parts and units in the drives and guideways of the grinding headstock and table;
due to the cutting fluid, which absorbs heat from the grinding zone and sprays to the bed; due to
increase of environment temperature. Temperature deformations of the bed were estimated by
changing the relative position of the grinding wheel and the table of cylindrical grinding machine,
with the workpiece, fixed on it when it was moving during machine tool operation. A comparative
analysis of the results of the study of cylindrical grinding machine tools of the same models is done.
The maximum thermal displacement of the workpiece points caused of the non-straightness of the
table movement due to temperature deformations is given. Experimental data are given on the
displacement of the grinding wheel and the workpiece relative to each other depending on the
operating time of the machine. In addition, the speed of movement of the control points of the
workpiece as a result of the rotation of the table, caused by temperature deformations, are
presented. The influence of changes in the ambient temperature during the work shift on the
deviation from the straightness of the movement of the cylindrical grinding machine table was also
evaluated.
Keywords: Cylindrical Grinding Machine, Temperature Deformations, Displacement, Deviation
from the Straightness.

1. Introduction
The efficiency of a cylindrical grinding machine is
determined by its productivity and processing
accuracy. Productivity depends, among other things,
on the duration of the machine without
readjustment, which is a function of several factors
(Fig. 1). The durability of the grinding wheel, which
determines the number of workpieces processed
between dressings, is a constant value and depends
on the characteristics of the grinding wheel and the
quality of its manufacture [1, 2, 3]. The errors of
kinematic chains are determined by the quality of
assembly of feed mechanisms, transmission errors
(gear, belt, screw-nut, hydraulic, etc.), wear
compensation of the grinding wheel, rigidity and
wear resistance of spindle bearings, positioning
stability of moving elements, errors in the
mechanism for transmitting movement to the
workpiece, etc. [1, 4-10].
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It is possible to distinguish hydraulic transmissions
that supply lubricating fluid to the spindle bearings
and guideways since the temperature of the working
fluid of the hydraulic system significantly affects the
temperature deformations.
Temperature variation of the machine tool
structure due to its internal heat generation and heat
exchange with the ambient environment causes
thermal deformation [11].

Figure 1: Factors that determine the duration of the
cylindrical grinding machine
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According to manufacturers, temperature
displacements in modern precision machine tools
can be 100 µm [12]. Errors due to the action of
temperature deformations range from 30 to 70% in
the total balance of processing errors, depending on
the size of the machine [13]. The temperature
deformation of grinding machine spindle plays an
important role in the formation of the workpiece
accuracy [14-16]. Previously, it was established [15,
16] that the amount of thermal displacement of the
spindle with a grinding headstock depends on the
operating time of the machine tool, the temperature
of the working fluid in the bearings, and the ambient
temperature and can reach up to 40 µm. This
contributes to the empirical power dependence of
cutting modes' influence on part surface roughness
obtained during grinding described in the work [17].
However, the value of the error can be affected by
temperature deformations of other parts, in
particular the bed. Thus, the author of the paper [18]
experimentally found, that for the double-sided face
grinding machine when working under a thermal
load, the most significant heating was recorded for
structural elements of the bed located near the fence
of the grinding zone, as well for the faces of the
spindle heads facing the grinding zone. Besides, it
was mentioned, that the highest temperatures
during idling are at the faces of the spindle heads
and the bed.
This paper aims to evaluate the influence of
temperature deformations of the bed of cylindrical
grinding machines on the relative position of the
grinding wheel and the workpiece.

2. Research Methodology
Bed heating is the result of friction losses in
guideways, drives, mechanisms, and automation
devices (Fig. 2).

Figure 2: Sources of thermal effects on the bed
Significant heat is transferred to the bed by the
cutting fluid, which absorbs heat from the grinding
zone. The heat to the bed can also be transferred
from the environment. The thermal effect on the bed
from heat sources is uneven, different parts of the
bed are heated with different intensities. This is

determined by the different concentrations of heat
sources on the bed. The temperature difference at
several places of the bed can reach 10 ºС or more. In
this case, the bed can change its original shape,
which leads to a change in the initial position of the
elements on it. Thermal deformations of the bed are
complex in nature, changing over time. Since the
mass of the bed of the cylindrical grinding machine is
large enough, thence, the time for the onset of a
steady temperature is several hours. Under the
action of temperature deformations, warping of the
machine bed occurs, while the spatial position of the
parts and units, headstock, and table fixed on it,
changes. The curvature of the table guideways may
be the consequence of uneven heating of the bed as a
result of various thermal effects on the sections of
the bed from the cutting fluid side. The movement of
the table is non-rectilinear, which is determined by
the distortion from the original shape of the bed
guideways. With an increase in the operating time of
the machine tool, the table with the mandrel
installed in the centers changes its position in the
horizontal plane and this change reaches several
tens of micrometers. To determine the temperature
deformations of the bed, experimental studies were
carried out on a group of cylindrical grinding
machines, the beds and other parts of which are
identical to the parts and units of modern cylindrical
grinding machines 3М152В, 3М162В, 3М152ВФ20
and others (Table 1).
Table 1. Analyzed cylindrical grinding machine
models and temperature conditions
Number
Model
Average
Temperature
of
ambient
difference per
cylindrical
temperature
shift, ºС
grinding
during the
machine
shift
1
17,68
1
2
20,28
4
3
19,92
2
4
16,78
2
5
17,5
2
3А151
6
18,57
4
7
17,78
2
8
16,00
0
9
16,43
2
10
15,30
5
11
21,36
2
12
3Б151
20,00
0
13
17,07
6
14
17,78
6
15
17,00
0
16
21,43
3
3А161
17
21,71
3
18
15,14
2
3Б161
19
18,14
2
20
26,57
1
3А164
21
25,5
2
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Temperature deformations of the bed were
evaluated by changing the position of the table when
it was moved. The straightness of the movement of
the table was determined using a device attached to
the grinding wheel. The indicator of the device rests
with its probe on the mandrel, fixed in the centers.
The length of the mandrel corresponded to the
length of the table stroke. The measurements were
carried out while moving the table with a step of 100
mm.

3. Results and Discussions
From Table 2, it is possible to determine the relative
position of the grinding wheel and the mandrel
(table) at different distances from the headstock.

In two cases, they approach each other
(measurements have occurred at 180 and 360
minutes of machine tool operation). In other cases,
the behavior of the grinding wheel and the
workpiece is more complex (in some areas they
approach each other, and in some, they move away),
depending on the operation time of the machine tool.
The value of the average displacement of the
grinding wheel and the workpiece relative to each
other ranges from 5.7 to 21.4 µm. The maximum
deviation from the straightness of the movement of
the table is observed when the table is moved by 400
to 500 mm from the headstock. Moreover, this is
observed both in the case when the grinding wheel
and the workpiece move towards each other and in
the case of they move away from each other (Fig. 3).

Table 2. The direction of the mutual movement of the
grinding wheel and the workpiece at different time
intervals (after 180 / 360 min)
Number
Distance from the headstock, mm
of
cylindrical
100 200 300 400 500 600
grinding
machine
1
0/0 +/0 +/+ +/+ -/0
-/2
0/0 +/+ +/+ +/+ +/-/3
0/0 -/-/-/-/-/4
0/0 +/+ +/+ +/+ +/+ +/+
5
0/0 +/+ +/+ +/+ +/+ +/+
6
0/0 +/+ +/+ +/-/-/7
0/0 -/-/-/-/-/8
0/0 -/-/-/-/-/9
0/0 -/-/-/-/-/10
0/0 -/-/-/-/-/+ – grinding wheel and workpiece move toward
each other
- – grinding wheel and workpiece move away
from each other
0 – the position of the grinding wheel and the
workpiece do not change
Table 2 shows that for eight grinding machine
tools out of ten, in the area located 600 mm from the
headstock, the grinding wheel and the workpiece
move away from each other. This phenomenon is
observed both 180 minutes after the start of the
machine tool, and 360 minutes after the start of
work. For all ten machine tools at a distance of
100 mm from the headstock, the initial relative
position of the grinding wheel and the workpiece
does not change and does not depend on the
operating time of the machine tool. In five cases out
of ten in all areas, the grinding wheel and the
workpiece move away from each other.
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Figure 3: The average displacement of the grinding
wheel and the workpiece relative to each other after
180 minutes of cylindrical grinding machine
operation: 1 – machine tools number 1, 2, 4, 5;
2 – machine tools number 3, 7, 8, 9, 10
Analysis of fig. 4 shows that the thermal
displacement of the workpiece during the work shift
is 7-22 µm. For cylindrical grinding machine tools of
model 3A164, which have large overall dimensions,
the value of thermal displacements is greater and
can reach 44-47 µm.
In the course of the research, it was found that
when the workpiece is rotated in a horizontal plane
relative to the grinding wheel due to temperature
deformations, the workpiece points located at a
distance of 400-500 mm from the headstock
experience the greatest displacement. The task was
to determine the speed of movement of these points
with mentioned coordinates. Of the ten machines
under study, seven had the speed of movement these
points at 4-5.5 µm/h, three had 1.1; 1.33; 7.33
µm/hour (Fig. 5).
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Figure 6: Deviation from the straightness of the
movement of the cylindrical grinding machine table
when the ambient temperature changes during the
work shift by 2 ºС, machine tool model 3A151

Figure 4: The average value of the maximum
displacements (L = 400 mm) from the operating time
of the cylindrical grinding machine tool:
1 – machine tools number 11, 12, 13, 14, 15;
2 - machine tools 1, 2, 4, 5;
3 - machine tools number 18 and 19;
4 - machine tools 9 and 3;
5 - machine tools 20 and 21.

Figure 7: The influence of changes in ambient
temperature on the deviation from the straightness of
the movement of the cylindrical grinding machine
table, machine tool model 3A151

4. Conclusions

Figure 5: The speed of movement of the workpiece
points located at a distance of 400 mm from the
headstock as a result of the angular displacement of
the table of machine tools 3A151.
In the course of studies of the influence of
changes in ambient temperature during a work shift
on the deviation from the straightness of the
movement of the table (Fig. 6), it was found that a
change in temperature by 1-2 ºС does not affect the
magnitude of the deviation from the straightness of
the movement of the table. In this case, the
displacement amounted on average from 30.6 to
33.4 μm. However, with an increase in the change in
ambient temperature during the working shift up to
5ºС, the shift value reaches 54 µm (Fig. 7).

A comparative analysis of the results of the study of
cylindrical grinding machine tools of the same
models shows that the maximum thermal
displacement of the workpiece points caused of the
non-straightness of the table movement due to
temperature deformations is in the range of 13 to 19
μm. This value is much less than the displacement of
the grinding head as a result of temperature
deformations, which are for the front end of the
spindle – 18-77 µm, and the rear – 12-40 µm.
The speed of the maximum thermal displacement
of the points of the workpiece is 1.33 to 7.33 μm / h.
Changing the ambient temperature within 1-2 ºС
practically does not affect the value of the thermal
displacement. An increase in the change in the
ambient temperature during the working shift from
2 to 5 ºС and more leads to an increase in the
thermal displacement of 1.6 times.
The results obtained do not take into account the
changing nature of the grinding process, in
particular, the periodic supply of cutting fluid to the
grinding zone.
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