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ABSTRACT

In the field of mechanical engineering, one of the key tasks is quality control of manufactured
products. Particular attention should be paid to quality control of small parts used in precision
devices, metalworking machines, and equipment for the metallurgical and defense industries
that operate at high rotational speeds. The aim of this study is to develop a device for controlling
the out-of-roundness and eccentricity of rollers weighing up to 10 g. The paper proposes a device
using a new method of free rotation of cylindrical products with a radius of r =4 mm on support
rollers rotating at a speed of up to 15000 rpm. The advantage of this work is that the geometric
and kinematic parameters of the device were determined depending on the mass-geometric
characteristics of the controlled products in the absence of radial displacement of the center of
mass: e=0. Five products with a conditional displacement of the center of mass e=4; 6; 8; 12; 15
um, artificially created by removing a certain amount of material from the average outer surface.
The mass of the product before and after removal was determined on analytical scales. The
number of measurements of one product at each roller rotation speed was n=12. Based on the
data obtained, the average angle of product breakage from the rollers was calculated, which can
be used to judge the quality of the controlled products: as the eccentricity increases, the angle at
which the product breaks from the rollers decreases. The measurement accuracy of the device
was evaluated for the case when measurements were taken for a product with e=8 um at
n=9000 rpm.

Keywords: small products, non-roundness of products, inspection accuracy, eccentricity,
inspection device.
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Introduction

Rapidly rotating products are widely used in
various applications such as machinery and
instrumentation, machine tools, metallurgical and
defence equipment, and bearing systems. The
quality of low mass and small size rotating body
type products has an important influence on the
accuracy, performance and service life of
equipment. As soon as cracks, scratches, rust [[1],
[2]] or material defects [[3], [4]] appear on their
surface, the quality and performance of, for
example, a bearing [5] will be significantly impaired

and even lead to major accidents. Therefore, the
quality of products such as bodies of rotation must
be fully checked before leaving the factory in order
to fulfil the reliability requirements of the entire
mechanical system [6].

Parts of the body of rotation type, for example,
steel balls [[7], [8], [9]] are manufactured by various
processes, including cold drawing, melting and heat
treatment, crushing, grinding and rough (fine)
lapping [10]. Due to this, various kinds of defects
may occur at each stage of the manufacturing
process. It is quite difficult to inspect these defects
due to the curved and shiny surface of these balls.
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As a result, manual visual inspection is still widely
used in current inspection of steel balls. The
inspector takes a sample of the entire batch of
parts and compares it with a control sample.
Although this method requires less investment and
does not require high-precision equipment,
however, it is difficult to improve production
efficiency due to the large testing error [[11], [12]].
Moreover, the quality of visual inspection is easily
influenced by personal factors, which leads to
uneven testing quality of steel balls because the
checker works under bright light for a long time,
besides visual inspection can only detect obvious
spots, cracks, etc., but cannot detect surface micro-
cracks and subsurface cracks. For this reason, it
cannot meet the needs of automatic defect
detection with large batch, high accuracy [[13],[14],
[15]] and high reliability [[16], [17], [18]].

The quality of small rotating bodies operating
at high speeds is determined by the degree of
eccentricity, i.e., the radial displacement of the
center of mass. The displacement of the center of
gravity from the geometric axis occurs due to
material  heterogeneity and  manufacturing
inaccuracies. The dynamic characteristics of
rotating bodies are radial and axial displacements
of the center of mass, misalignment of surfaces,
and product shape errors (out-of-roundness), which
create unbalanced forces and moments during
operation, causing dynamic imbalance.

Currently, the machines used worldwide to
determine dynamic imbalance are mainly designed
for large and heavy rotating bodies (weighing from
20 g to 200 g), such as machine spindles, motor
rotors, and car wheel hubs. In contrast, cylindrical
rollers, which have a smaller volume and mass,
pose a problem when determining dynamic
imbalance. The development of high-tech
equipment  requires  appropriate precision
measurement technologies that can measure the
inevitable micro-insignificant residual imbalance of
cylindrical bearing rollers, which seriously affects
the performance and service life of high-speed
precision rolling bearings. A tiny cylindrical roller is
a shaftless rotor that cannot be mounted directly
on rotary bearing systems, and the vibration
response excited by micro-imbalance is difficult to
detect and easily confused with background noise.
This article describes a device for controlling the
quality of cylindrical roller manufacturing to
determine eccentricity from 4 um, which is
equivalent to a microdynamic imbalance of 18.1
mg*um. This device solves problems associated
with detecting eccentricity in cylindrical rollers with

a radius of 4*10 m, thus offering a new solution
for detecting dynamic imbalance in other micro-
and small rotating components.

Experimental part

To control non-roundness and the value of
radial centre of mass displacement (RCMD), a
method of free rotation of the product on support
rolls [19] and an automatic control device based on
it were developed.

Structurally, the inspection device in Figure 1
consists of a frame with rotating rolls and a drive of
rotating rolls.

1 - rotating rollers, 2 - controlled product,
3 - speed sensor, 4 - amplifier, 5 - comparator,
6 - second pulse generator, 7 - pulse counter,
8 - digital indicator

Figure 1 - Functional diagram of the device

Controlled products are loaded onto rotating
rollers using a piece-by-piece  dispensing
mechanism, thus starting the rotation of these
products with simultaneous measurement of their
rotation speed and acceleration time to the set
speed. Cylindrical products with a radius of r=4 mm
and a length of =18 mm were used as the
controlled parts. Eccentricity was artificially created
by removing a certain amount of material from the
middle of the outer surface. The drilling pattern is
shown in Figure 2. The mass of the drilled-out
material is calculated using the formula:

m=mnr, ho, (1)

where ro is the radius of the drilled hole; h is
the drilling depth; o is the specific weight of the
material.

From Figure 2, the following equation can be
derived:

2r|oe=r[r02ho. (2)
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Figure 2 — Drilling diagram for the part

Then the eccentricity will be equal to:

2

nr, h
e=—"—, (3)

2rl

where r and | are the radius and length of the
part being examined.

Then, for a given value of e=4 um (device
sensitivity), the mass of the drilled material should
be:

m =, ho =3,14 *0,00018344 *7,85
m =0,00452 g.

The measurement method is based on the
following physical principle: when accelerating the
product to a set speed, additional energy is
required due to the need to overcome the
momentum from inertial forces due to the radial
displacement of the centre of mass.

To develop a method for calculating the center
of mass displacement and other errors in cylindrical
products, we will justify the choice of certain
characteristics of the device and its main
parameters.

Required initial data for calculation: r — radius
of the controlled product, m; f — coefficient of
sliding friction between the roller surface and the
surface of the support rolls; emsx — maximum
permissible eccentricity, m; emn — specified
sensitivity of the device to the minimum
displacement of the center of mass, m. The
maximum angular velocity of rotation of the
product (roller) from the surfaces rotating it when
the displacement of the center of mass is less than
the maximum permissible value e <eémax. At € > emax,
the roller will vibrate on the rolls with periodic
detachment from their surface. The maximum
angular velocity of the roller is calculated using the
formula:

g (cosB—f sinp)

, (4)
€max \/1+f2

where g —acceleration due to gravity, m/s?;

B - angle determining the postion of center of
rotation on the rolls and calculated using the
formula the roller’s:

R+6/2
B = arccos , (5)
R+r

where R is the roller radius, m; & is the gap
between rollers, m. Parameters R and & are
specified by design.

Angular velocity of roller rotation

Wy =

R "Wr (6)

D | =

and the rotational speed
n=(w/2r)-60, min ' (7)

required to accelerate the product to its
maximum angular velocity with zero center of mass
displacement

2y .
¢ = R wr(1+f )smB' (8
2f-g
The maximum angular speed of the frame
rotation is determined by the condition of
continuous movement of the product from the
roller, which can be represented as

g[cos((,o+B)+f-sin(go+B)]2p-wi(cosB +f-sinB)

+e(w; +wr)2[cos([3—v)+f-sin([3—v)], (9)

where ¢ is the angle of rotation of the frame
from its initial position, degrees; p - distance from
the center of the product to the axis of rotation of
the frame (specified by design), m; y - angle of
rotation of the product, degrees.

It can be shown that the right-hand side (9) is

maximal when
y =B —arctg f. (20)

The displacement of the center of mass of the
product is assumed to be equal to the sensitivity of
the device e=emi». The maximum angle of rotation
of the frame is determined by its design and is
assumed to be equal to:

?=Prpax <90 —-B (11)

Taking into account (10) and (11), expression
(9) determines the maximum angular velocity of
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the frame rotation at which the product with the
eccentricity value at the sensitivity limit of the
device will break when the frame rotates to the
maximum angle. As the value of e increases, the
breakaway angle will decrease, and at the value of
€max, the product will break away at a frame
rotation angle of zero.

Results and Discussion
Experimental verification of the method was

carried out on the developed device, the photo of
which is shown in Figure 3.

= -

1 - rotating rollers, 2 - rotating frame, 3 - DC drive motor,
4 - guide chute, 5 - angle gauge, 6 - toggle switch, 7 - tray
bracket, 8 - base of the device

Figure 3 - Non-roundness control device and RCMD

The process of product control consists of the
following: switch on toggle switch 6, during 10
minutes the device starts to work only in idle mode
to stabilise the speed mode. Then the controlled
product with radius r=4 mm, length [=18 mm is
placed manually on the support rollers 1 and
accelerated to nominal speed. After that the frame
2 is rotated, the controlled product is torn off the
rolls and at the moment of product tearing off the
angle of inclination of the plane of rolls axes to the
horizon is marked by the angle meter 5. Depending
on a certain interval of the tear-off angle, the flap in

the guide chute 4 is opened and the product falls
into one of two or three hoppers under the chute,
the frame is returned to the initial position for
control of the next product. Cylindrical products,
which have passed the inspection, fall into the
hoppers of sorting by quality groups depending on
the interval of the tear-off angle as from the
rotating rolls. In the experiment there were three
hoppers for sorting the products by quality,
corresponding to aisa: 1 hopper —0°+15°, 2 hopper —
15%+-26° and 3 hopper — 26° and above.

The experiments were carried out in the
following volume: the number of products - 5
pieces with RCMD e=4, 6, 8, 12, 15 um, the speed
of rotation of rolls n, - 3000, 6000, 9000, 12000,
15000 rpm, the number of measurements of one
product at each speed of rotation n=12. After the

experiment, the average stall angle o for the

products was calculated and a graph of the average
stall angle as a function of RCMD was constructed
using regression fitting (Figure 4).

N

NeA

Rogressien fiting: 12000 rpm

Regression ting: 15000 rpm

Figure 4 - Dependence of stall angle on RCMD

To evaluate the accuracy of the device
measurements, 30 tests were carried out on the
product with unbalance e=8 um at roll rotation
speed n,=9000 rpm. The arithmetic mean was taken
as the mathematical expectation of the mean stall

angle ag, =20,433°. The point estimate of the
standard deviation was [20]:
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ii(asai _asa)2 =

%sa n-1=

41,367 o (12)
= =1,194
29

The value of the point estimate obtained in
formula (12) satisfies the requirements of the
experiment quite well.

The developed control device has the following
design features. The base is made on height-
adjustable legs. Support rollers are made of
textolite and are mounted with their centre holes
on freely rotating balls (one on each side). The
support rolls rotate at a constant speed. In the
initial position of the frame, the plane of the roll
axes is horizontal. The workpiece is placed on the
rolls and accelerated to nominal speed. After that
the measurement is made: the frame is rotated
around the axis and at the moment when the
product comes off the rolls the angle of inclination
of the planes to the horizon is noted on the angle
scale. Then the frame is returned to the initial
position to check the next product. The greater the
unbalance of the product and therefore the
influence of unbalanced forces, the smaller the
limiting angle at which the product comes off the
rolls. The measured value of the breakaway angle is
converted into the value of the product quality
parameter according to the calibration chart.

Preliminary calibration is carried out using
reference products with specified unbalance
values.

For testing, real products were selected, whose
imbalance was measured on analytical scales and
conditionally expressed as the displacement of the
center of mass from the geometric axis of the
product (e=4; 6; 8; 12; 15 um). Before taking
measurements, the device was adjusted to
compensate for the drift of the controlled product
along its axis at high roll speeds.

It was found that at speed n=9000 rpm, this
method of control of products allows sorting them
into 2-3 quality groups. One and the same
controlled product (for example, with RCMD e=8
pum) behaves differently at different speeds of
rotation. The observed deterioration in the
rotational stability of the product with e = 8 um at
low speeds (ng = 9000 rpm) is explained by the
influence of shape error (out-of-roundness), which
is smoothed out at high speeds, giving way to the
influence of imbalance. The mathematical

justification for this effect is that imbalance causes
inertial force:

F=mw’e (13)

where m is the mass of the product, e is the
eccentricity, and ® is the angular velocity of
rotation of the product. Thus, the product has a
significant moment of inertia, which prevents
instantaneous changes in the trajectory of the
center of mass in response to microdefects on the
surface. The experiment clearly shows that in the
presence of imbalance, even ideal geometry leads
to early failure of the product from the support
rolls, and vice versa—at high speeds, imbalance
suppresses the influence of minor manufacturing
defects.

To date, certain results in measuring
microimbalance have been obtained by researchers
at Henan University of Science and Technology,
who have developed a dynamic imbalance
detection system with V-shaped supports. The
results are shown in Table 1 below [[21], [22]]:

Table 1 — Parameters of prepared test rollers

Roller m (g) mo(g) e(m) | Length | Diame-
name (m) ter (m)
Standard | 3.091 | =0 ~0 8*103 8*103
Unbalan- | 3.077 | 14*103 | 3*103 | 8*103 | 8*103
ced

According to Table 1, the developed device
detects a roller imbalance equal to 42 mg*mm.

The results of the experiments obtained by the
authors of the article are presented in Table 2:

Table 2 — Parameters test rollers by the authors

Roller m (g) mo (g) e (m) Length Diame-
name (m) ter (m)
Standard 7.098 ~0 ~0 18*103 | 8*10°3
Unbalan- | 7.093 4.52*103 4*10° 18*103 | 8*10°3
ced
According to the results of experiments

conducted on the developed device, the detected
imbalance is equal to 18.1 mg*um.

The sensitivity of this method for determining
the stall angle in a separately conducted
experiment with sample cylindrical products with
given values of unbalance is 4+6 um of the
conditional displacement of the centre of mass,
which agrees well with theoretical calculations.
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Conclusions

For experimental verification of the method of
quality control of products, a prototype of the
device was manufactured. The following main
conclusions can be drawn from the testing of the
prototype device:

- the method is simple in realisation and
according to the above formulas it is possible for
engineers and technicians to calculate geometric
and kinematic parameters of the drive depending
on mass-geometric characteristics of the controlled
product;

- increasing values of non-circularity and
eccentricity of the product lead to an increase in
the time of acceleration of the product to a steady
speed when rotating the product on the rolls;

- according to the angle of product breakage
from the rotating rolls, it is possible to judge the

quality of controlled products and sort them into
quality groups;

- the device is recommended for control of fast-
rotating small products of metalworking machines,
equipment of metallurgical and defence industry.
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¥cakK aiHanmanbl 6yiibimpapablH A6HIeNeK eMeCTiriH }KaHe 3KCLeHTpUucuTeT
lWamacbiH 6aKblnayFa apHaNFaH Kypbinfbl

* Atanbikosa A.K., ! Eneykynos E.O., 2 Mycaumos A.N.

1 Anmamel 3Hep2emuKa xaHe 6alinaHsic yHusepcumemi, Aamamel, Kazakcmax
2 KblpFbl3 MeMAEKeMMIK MexHUKanbIK yHusepcumemi, buwikek, Kbiprel3 Pecriybaukace!

TYWIHAEME

Makana kengi: 14 winde 2025
CapanTtamagaH eTri: 25 mameiz 2025
KabbingaHabl: 26 aknaH 2026

KYPbINFbIHbIH,

reOMeTPUANDBIK  KaHe

XacanfaH. Matepuangpl
aHANUTUKaNbIK Tapasbliapha aHblkTanapl. 9pbip Oyibim  ywiH 6inikTepagiH ap aliHany

MalwuHa Kacay canacbiHAa Herisri miHaeTTepaiH 6ipi — eHAipinreH eHiMHiH canacbiH H6akbinay.
YKofapbl aiiHany KblNAAMAbIFBIMEH KYMbIC ICTEMTIH A9N1 KypbliFblnapaa, MeTann eHaey
MaLIMHaNapaa, MeTanNyprus KaHe KOpFaHbIC OHEPKCiBiHIH KababIKTapbliHAA KONAAHATBIH YCaK
6yiibIMaapAablH, canacbliH 6akbinay epeKlle Hasap aygapyapl Tanan eteai. Ocbl 3epTTeyaiH
MaKcaTbl casimafbl 10r. AeWiHri PONUKTEPAiH, AOHTENEKTIr MEH 3KCLUEHTPUCUTETIH BaKblnayFa
apHanfaH »aHa KypblafbiHbl 33ipney 6osnbin Tabblnagpl. byn kymbicta 15000 aitH/MuH
KblNAAMAbIKNEH aliHaNaTbliH TIpEK PONUKTEpiHAE PaAunychbl I = 4 MM LUMAMHAPAIK Bylibimaapabl
epKiH avHanaplpy 94iCiH KOMAAHATbIH KYPbINFbl YCbIHbIAFAH. By »KYMbICTbIH, apTbIKLWbI/bIFbI

KMHEMaTUKanblK,  napametpaepi  6akblnaHaTbiH

6yibIMAapAbIH,  Macca-reoMeTpusAbIK cunatramanapbiHa 6ainaHbicTbl, =0 macca UeHTPiHiH,
pagvangbl OpblH bifbicybl 60NMaFaH Kaffalga adblKTangpl. Taxipubere macca LEHTPIHiH,
WapTTbl bifbicybl e=4; 6; 8; 12; 15 MmKkm 6onatbiH 6ec byibimaap Kovblngbl, 6yn bifbiCy CbIPTKbI
opTaHfbl 6eTTeH 6enrini 6ip menwepae matepuangbl anbin TacTay apKblibl XKacaHapl Typae

anbin TacTafaHfa fAeWiH KoHe KeWiH OyMbIMHbIH, Maccacbl Aan

KblNAaMAblFbIHAA e/Wweynep caHbl n=12 6onabl. AnbiHFaH AepekTep HerisiHae byVibiMaapaplH,
6inikTepaeH axblipay bypbilbl ecentengi, 6yn 6akplnaHaTbiH BylibimaapablH, canacbiH bafanayra
MYMKIHAK 6epefi: SKCLEeHTPUCUTET apTKaH CaiblH aXXblpay Oypbiwbl asasgpl. Anaitga, TemeH
alHany KblIAAMAbIKTapblHAA 3KCLEeHTpUcUTeTi b6ap byibimaap €=8 MKM niliH AdAci3airiHe
6ainaHbICTbl TypaKcebls 6onaabl, Byn Kofapbl KbiNgamapikTapaa TericTenin, sKCLEeHTPUCUTETTIH,
acepiHe ylwblpanabl. KypblifblHbIH, enwey aanairi byiibim ywiH e=8 mkm 6onfaH Kafpainaa,
ns=9000 aitH/MMH XbINAAMABIKTA KYPri3ifreH enweynep HerisiHae 6aranaHapl.

TyliiH ce3dep: ycak 6ylibimaap, 6yMbiMAapAblH, AeHrenek emectiri, 6akblnaygplH, Aan4ir,
JKCUEHTpUCUTET, BaKplaayFa apHanfaH Kypblasbl.
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YCTPOUCTBO AN KOHTPO/IS HEKPYF/IOCTU U SKCLLeHTPUCUTETA MENKUX
BpaLLAOLWMXCA U3LENUN

* Atanbikosa A.K., ! Eneykynos E.O.,2Mycanumos A.M.
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AHHOTAUMA

B cdepe MalMHOCTPOEHUA OFHOW M3 KNKOYEBbIX 3aja4y SBAAETCA KOHTPOAb KauyecTBa
nsrotosnfembix msgenuii. Ocoboe BHUMaHWe TpebyeT KOHTPO/b KAauyecTBa MEKUX WU3AENUN,
NPMMEHAEMbIX B TOYHbIX YCTPOMCTBAX, MeTannoobpabaTtbiBalowmx CTaHKax, 060pyaoBaHMK
MEeTaNNypruyeckon U 0bBOPOHHOM MPOMBbILLIEHHOCTH, PaboTaloWmX C BbICOKMMMU CKOPOCTAMM
BpaleHua. Llenblo HacToslero uccnefoBaHua ABnfeTcA pa3paboTka HOBOro YCTPOMCTBA ANA
KOHTPONA HEKPYrNIOCTU U IKCLEHTPUCUTETA PONMKOB maccoh ao 10r. B paboTe npeanoxeHo
Nocrynuna: 14 uions 2025 YCTPOMCTBO C NPUMEHEHWEM MeToAa CBOBGOAHOrO BPALLEHUA UUAMHOPUYECKMX W3AENUI
PeueH3upoBaHme: 25 asaycma 2025 pasnycom r=4 MM. Ha OMOPHbIX Ba/IKaX, BPALIAIOWMXCA CO CKOpoCcTbio A0 15000 06/MUH.
MpuHsaTa B Nevatb: 26 peepans 2026 MpeumywectBo HactosAwein paboTbl 3akaloYaeTcdA B TOM, UTO T[eOMeTpuYeckue u
KMHEMATUYECKME NapameTpbl YCTpoWcTBa OblAM onpeaeneHbl B 3aBUCMMOCTM OT  MAcco-
reOMETPUYECKMX XaPaKTEPUCTUK KOHTPONMPYEMbIX W3AENUA NPU OTCYTCTBUM PaAManbHOro
cmeleHuna ueHTpa macc: e=0. Ha aKcnepMmeHT 6binn nocTaBaeHbl NATb U34eNUi C YCAOBHbIM
cMelleHnem ueHTpa macc e=4; 6; 8; 12; 15 MKM, WCKYCCTBEHHO CO3[aHHOro NyTem yaaneHua
onpeaeneHHOro KoanyectTsa matepuana co cpefiHei Hapy»KHOM noBepxHocTM. Macca usgenus
[0 ¥ nocne yaaneHna onpeaenanacb Ha TOYHbIX aHanUTUYecKmx Becax. Koanyectso nsmepeHui
OZLHOTO WU3AENMA HA KaXAoW CKOPOCTM BpaLLEHWMA Ba/IKOB cOCTaBuio n=12. Mo noay4yeHHbIM
[AaHHbIM 6bl1 BbIYMCIEH CPEAHUIA YTON CPbIBA U3LEANIA C BAKOB, MO KOTOPOMY MOYHO CYyAUTb O
KayecTBe KOHTPO/IMPYEMbIX U3LENNNA: C YBENMYEHNEM SKCLEHTPUCUTETA YMEHbLIAETCA Yron, npu
KOTOPOM MPOUCXOAUT CPbIB U3AENNUA C BaIKOB. TOYHOCTb U3MEPEHUIA YCTPOICTBA BblNa OLEHEHA
N8 CNyYan, Koraa M3MepeHuns NpoBoaNAN ANA U3aenna ¢ e=8 MKM npu ns=9000 06/MHH.

Knioyesble cn08a: MenKuMe  WU3LENUA, HEKPYINoCTb  WM3OE/NWI, TOYHOCTb  KOHTPOAS,
3KCLEHTPUCKTET, YCTPOMCTBO A1 KOHTPOASA.
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