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Abstract—The wear resistance of the working layer on a grinding belt is studied. The influence of the grinding
conditions on the wear resistance is established. The wear of abrasive grains and the failure of the belt’s work-
ing layer are analyzed. On the basis of experimental data, the basic cutting parameters corresponding to opti-
mal wear resistance are identified, and efficient cutting conditions are recommended for different materials.
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In industry, the production of many parts includes
grinding by f lexible tools. In machining workpieces for
machine parts, f lexible abrasive tools are used at every
stage from preparation to finishing [1–3]. Each year,
grinding belts account for a larger proportion of
machining operations, not only in plane [4], circular,
and centerless grinding [5] but also in roughing, fin-
ishing, and polishing of metal [6]. Belt grinding is
replacing manual machining in fitting (trimming, etc.)
and in shaping complex parts [7, 8].

Belt grinding occupies a special position among
abrasive techniques [9]. In kinematic and dynamic
terms and in terms of the accompanying physical phe-
nomena, this technique is intermediate between
grinding by a rigid (practically undeformable) wheel
[10, 11] and machining by free abrasive [12]. Grinding
by a f lexible abrasive tool is widely used in the auto
industry, shipbuilding, aviation, bearing production,
woodworking, and elsewhere. Belt grinding is the
most common type of f lexible abrasive grinding. It
may be regarded as a progressive machining technol-
ogy [13, 14].

Benefits of belt grinding include constant cutting
speed; f lexibility and elasticity of the infinite belt; and
the ability to machine large surfaces. In addition, the
belt may operate in different conditions: with a rigidly
attached tool; and with exceptional pliability and self-
orientation, permitting more complete use of the abra-
sive grains’ cutting properties. The grains self-organize

and settle to uniform height. They also distribute the
load evenly.

Constant motion of the grains ensures the best con-
ditions for removing chip and slurry, so that soiling is
prevented. Thanks to the large contact area of the belt
with the workpiece, the large number of active grains
[15], and the low frictional coefficient of the binder in
a metal grinding belt in comparison with the ceramic
binder in a wheel (around a half or a third as much),
the cutting forces and temperatures are decreased and
the productivity is relatively high. Grinding belts do
not require trimming and balancing, in contrast to
wheels; they may be simply and quickly replaced when
worn out; and they are safe to use [16].

In addition, belt grinding has certain drawbacks: in
particular, relatively short belt life; and difficulty in
attaining high dimensional and shape precision in
individual operations and in machining sharp transi-
tions or steps.

The performance of abrasive tools is assessed in
terms of metal removal and belt life. Belt wear results
from crumbling, removal, and blunting of the abrasive
grains and soiling of the grinding fabric [17]. Soiling is
one of the factors involved in blunting, which greatly
affects belt performance.

In the present work, we investigate the wear resis-
tance of the working layer on a grinding belt in differ-
ent operating conditions, in order to improve belt per-
formance.
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Table 1

Steel
(State Standard)

Content, %

C Si Mn Ni S P Cr Cu As Ni W Fe

45
(GOST 1050–88)

0.42–0.5 0.17–0.37 0.5–0.8 Up to 0.25 Up to 0.04 Up to 0.035 Up to 0.25 Up to 0.25 Up to 0.08 – – ~97

30KhGSN2
(GOST 4543–2016)

0.27–0.34 0.9–1.2 1–1.3 1.4–1.8 Up to 0.025 Up to 0.025 0.9–1.2 Up to 0.3 – – – ~95

Table 2

Nickel alloy
Content, %

C Si Mn Ni S P Cr Ce Ti Al B Pb Fe

KhN77TYuR Up to 0.07 Up to 0.6 Up to 0.4 70.076−77.4 Up to 0.007 Up to 0.015 19–22 Up to 0.02 2.4−2.8 0.6−1 Up to 0.01 Up to 0.001 Up to 1

08Kh18N10T Up to 0.08 Up to 0.8 Up to 2.0 9−11 Up to 0.02 Up to 0.035 17−19 − 0.4−0.7 − − − ~68
EXPERIMENTAL MATERIALS 
AND METHODS

The performance of the grinding belt is assessed in
laboratory and production conditions. The tests
results are analyzed and compared.

To assess the sensitivity and discrimination of the
results, belts with different characteristics are used in
the tests, and the stability of the results is assessed in
tests of a belt with the same characteristics from differ-
ent batches.

The belt dimensions are 620 × 25 m. The grinding
fabric corresponds to State Standards GOST 5009–
82, GOST 13344–79, and GOST 27181–86. Fabric
samples of length no less than 1.5 m from a single
batch are selected. For statistical purposes, we also use
belts from five, ten, twenty five, or more batches.

Each test is performed three times. We investigate
high-quality constructional carbon steel 45 (State
Standard GOST 1050–88) and 30KhGSN2 Cr–Si–
Mn–Ni constructional alloy steel (State Standard
GOST 4543–2016); and also heat-resistant nickel
alloys Kh18N10Т and KhN77TYuR (State Standard
GOST 5632–2014) and aluminum foundry alloy
AK5M2 (State Standard GOST 1583–93). Tables 1–3
present the results for the steels and alloys.

The component Рy of the cutting force is measured
by the traditional tensosensor method [17]. UIP-1
units are used to transmit and amplify the signal from
the tensosensors. The signals are recorded by means of
an N-102 loop oscillograph. For quantitative assess-
ment of Ру, the sensors are calibrated with suspended
RUSSIAN

Table 3

Aluminum alloy
Fe Cu Zn Si M

AK4M2
(GOST 1583–93)

Up to 1.3 1.5–3.5 Up to 1.5 4–6 0.2–
loads. The calibration graph in terms of force and sig-
nal amplitude is displayed on the oscillogram.

The apparatus employed in the experiments
includes VLT-1 (sensitivity 0.01 g) and VLT-3 (sensi-
tivity 0.1 g) laboratory scales (State Standard GOST
24104–2001); and an SOSpr 26-2 timer (error 0.2 s).

RESULTS AND DISCUSSION
In investigating the wear resistance of the working

layer on a grinding belt, we assume the grinding con-
figuration in Fig. 1. For the grinding belt, as for any
abrasive tool, specific parameters reflect the perfor-
mance.

We assume that the key characteristic determining
belt performance and the machining conditions is the
wear resistance. Well-founded recommendations are
required in order to ensure the best use of the grind-
ing belt.

We will consider the following characteristics: the
simple wear V and the wear rate qV.

We determine the belt wear by a linear method
(using micrometers of 0.001-mm accuracy); and by
weighing (engineering scales of 0.01-g accuracy). The
wear is calculated when grinding steel 45 and AK5M2
alloy until the abrasive layer is blunt and also until the
working layer disintegrates, in the case of the 15A25S
belt, based on electrocorundum fabric of normal grain
size 25 (F 60), with synthetic binder corresponding to
State Standard GOST 27181–86.

Analysis shows that the measurement results are
unstable, in terms of the variation coefficient. Instabil-
 ENGINEERING RESEARCH  Vol. 41  No. 2  2021

Content, %

n Al Mg Ti Ni all other impurities

0.8 85.9–94.05 0.2–0.8 0.05–0.2 Up to 0.5 2.8
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Fig. 1. Belt grinding: (1) fabric; (2) binder; (3) grain;
(4) facing; ϕ, contact angle; ∪АВ, contact arc; vb, belt
velocity; vw, workpiece velocity; vr, roller velocity; R, roller
radius; Т, belt tension; acu, cutting depth.
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ity is observed for both measurement methods. How-
ever, it is somewhat worse (by a factor 1.4–5.7) for the
linear method. Table 4 compares the wear of the work-
ing layer on a 15A25S belt according to the linear and
weighing methods.

In Fig. 2, we show empirical curves of the wear V
(a) and wear rate qV (b) on the belt velocity vb for dif-
ferent values of the pressure Pun and cutting force Py at
a cutting speed of 25 m/s, with longitudinal supply of
0.5 m/s. The grinding belt is based on 15A25S grinding
fabric (consisting of 15А electrocorundum of grain
size 25 with a synthetic binder corresponding to State
Standard GOST 27181–86).

The experiments reveal three zones: I) blunting of
the abrasive layer; II) normal wear; III) critical wear
(disintegration of the working layer, ripping of the fab-
ric). The workpieces in the experiments consist of
high-quality constructional carbon steel 45 (State
Standard GOST 1050–88) and 30KhGSN2 Cr–Si–
Mn–Ni constructional alloy steel (State Standard
GOST 4543–2016); and also heat-resistant nickel
alloy KhN77TYuR (State Standard GOST 5632–
1972) and aluminum foundry alloy AK5M2 (State
Standard GOST 1583–93).
RUSSIAN ENGINEERING RESEARCH  Vol. 41  No. 2

Table 4

The following notation is employed: Рun, unit pressure; ωos, angu
, mean wear; S2, dispersion; V, variation coefficient; A, metal adh

Workpiece Test conditions weighing 

, g S2

Steel 45 Рun= 0.2 MPa
vb = 25 m/s
ωos = 200 rpm
vw = 0.058 m/s

0.80 0.02

Рun= 0.8 MPa
vb = 25 m/s
ωos = 200 rpm
vw = 0.058 m/s

1.50 0.01

AK5M2 alloy Рun= 0.2 MPa
vb = 25 m/s
ωos = 200 rpm
vw = 0.058 m/s

0.63 0.01

Рun= 0.8 MPa
vb = 25 m/s
ωos = 200 rpm
vw = 0.058 m/s

0.72 0.00

Δ

Δ

We now compare the belt performance in labora-
tory and production tests. In Figs. 3a–3d, we show the
wear of Russian and Italian (produced by Sait) grind-
ing fabric tested in the laboratory in different condi-
tions.

The corresponding samples tested in production
conditions (at the AvtoVAZ plant) are shown in
Figs. 3e and 3f. The wear in grinding a car brake shoe
(Figs. 3e and 3f) consists mainly of grain blunting,
  2021

lar velocity of oscillation; vb, belt velocity; vw, workpiece velocity;
esion; B, grain blunting; D, disintegration of working layer.

Wear

Belt wearmethod linear method

V, % , mm S2 V, %

0 17.7 0.27 0.0048 25.7 B

0 6.7 0.21 0.0064 38.1 D

7 20.3 0.07 0.0002 18.7 A, B

2 6.9 0.25 0.0006 9.8 D

Δ
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Fig. 2. Dependence of wear V and wear rate qV of grinding
belt on the belt speed vb when the radial force Р = 56.9 (a)
and 34.3 (b) N, in grinding AK5M2 aluminum foundry
alloy (1), 30KhGSN2 steel (2), steel 45 (3),Kh18N10Т
alloy (4); and KhN77TYuR alloy (5): I, II, III, wear zones.
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Fig. 3. Worn Italian (a, c, e) and Russian (b, d, f) belt fabric
after grinding to blunting of the working layer (a, b) and
grinding to disintegration (c, d). The Italian fabric is pro-
duced by Sait; and the Russian fabric corresponds to State
Standard GOST 27181–86.
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with some extraction of grains and groups of grains at
the edges of the wear strip, for both Russian and Ital-
ian fabric. The Russian sample (Fig. 3f) also exhibits
some loss of binder integrity after grinding.

Visual inspection indicates that the laboratory and
production samples are similar in appearance. Com-
parison of belt performance shows that the laboratory
assessment resembles that in production conditions.
In other words, the laboratory assessment of the belt is
objective.

CONCLUSIONS

(1) On the basis of belt wear, in terms of the pres-
sure (contact force or contact width), we may identify
three experimental zones: (I) blunting of the abrasive
layer; (II) normal wear; (III) critical wear (disintegra-
tion of the working layer, ripping of the fabric).

(2) We have established experimental principles for
selecting the grinding conditions on the basis of the
wear. The dependence of the wear on the grinding
conditions has been established. The wear characteris-
tics in typical grinding operations may be selected on
the basis of experimental findings in assessing belt
quality.

(3) Comparison of laboratory and production
assessments of belt performance shows that they are in
good agreement (correlation coefficient ρ = 0.87 ±
0.09). Hence, the laboratory assessments of the belt
are objective.
RUSSIAN
(4) Our findings provide the basis for developing
recommendations regarding the use of grinding belts
with various materials by means of test data. Such rec-
ommendations are urgently needed by manufacturers
and users of abrasive tools.
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