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SIMULATION OF DIMENSIONAL ACCURACY IN AN AUTOMATED GRINDING
SYSTEM OF SURFACES OF ROTATION
We consider the impact on the quality of polished surfaces forming their dimensional accuracy
in operations grinding roller rings. The process for automated cutting grinding machines can be
considered as an inertial link. The total error handling in grinding operations is complex.
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Formulation. The quality of the polished surfaces of evaluated a number of factors: the accuracy of
the main dimensions, precision geometry details microstructure surface temperature prypalyuvannya
defects, cracks, internal stress, and a range of physical and mechanical properties [1]. However, to
determine the relationship of a controlled quantity of all the quality indicators is problematic.

Fig. 1 shows the factors affecting the performance as deviations from the set values [2,3].
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Fig. 1 Factors affecting the quality of grinding surfaces
Identifying process parameters that must be controlled in order to effectively manage this

process is a challenging task, depending on the requirements as to accuracy and the nature of
relationships between the parameters of the grinding process [4] and indicators of quality of the parts.
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Therefore the choice of algorithm and block diagram of the control precision processing generally
performed in the following sequence [5]:

1. Establish the causes and size range of dispersion parameters and processing conditions.

2. Development of a mathematical model of grinding process and the process of forming
processing errors [7].

3. Analytical study and determine the grinding process control parameters. Formation of
requirements to the structure of the cycle, the nature of the procedure to the block diagram and
precision process control system.

4. Experimental investigation of the grinding process for the purpose of studying the complex
relationships between parameters of technological systems and processing parameters.

5. Development of control algorithm and process control systems for managing its
implementation.

Review and analysis of previous studies. Analyzing the formation of error handling, the
following main components of total error 4> processing one piece [6]
- error 4y active control system, which is defined as the difference between the actual size parts
in the time of the team and given size;
- error Ay, caused by temperature deformation of the workpiece;
- A. error caused the delay time t; executive team on the withdrawal of the grinding wheel is
determined by:
t
I AL )
where vs - speed removal allowance.
To assess the impact of rate changes vy size controlled by error handling is advisable to allocate

a part 4, error Ay; caused by time delays t;; active control system, or in other words, the delay time
change measuring signal changes relatively controlled size:

Bty = [y [02(®) = L van(O]dt, @

where v, - the rate of change of the measuring signal;
i,- the sensitivity of the measurement system.

To determine the analytical errors 4y; and 4. need to know the patterns of change of speed v
removal allowance as a function of time and current handling allowance value 4D. Excluding the
impact of the rate of change of temperature deformation of details, we can assume that vs = vj.

Analytical study of error 4, fraught with difficulties. In addition, this error does not depend on
the selected control algorithm grinding process. Therefore, the theoretical studies of precision
processing error A taken the same for all processes.

For external grinding thin rings in error 4s includes another component 4g, deformations caused
by force details.

The numerical value 4¢ with minor deviations determined by the equation:

RS, 74
A (1) =Fy(t)4—g(;—qasmqa—cosqa), (3)
where Fy(t) - instantaneous value of the radial cutting force;
R.« - average radius of the ring;
¢ - the angle formed by the line measurement and line of action of the radial cutting force.
Presenting main material. Based on the theoretical foundations of automatic control grinding cutting
process can be considered as an inertial link [4]. It is assumed that the inertia of a system of elastic
grinding machine several orders of magnitude smaller than the inertia of the grinding process, the
coefficient cutting grinding wheel K, properties within each processing stage of the cycle remains the
same width and grinding is also constant. [5] In this case, the variation speed removal allowance can
be described following differential equation:
T, ‘;—‘: + v, = Kv,, 4)
where v; - velocity wheelhead (internal grinding - doubled its value);
K - gain, depending on the ratio of the velocity vs/ v; in the steady grinding, ie for t >3T,.

The process mortise grinding bearing rings circle line wear is negligible and, therefore, take
K=1.

Solving equation (4) with initial conditions t = 0 and vs= vs,qé we get:

[ -

Vs = Vg (1 — e_?) + v5,e TP, (5)
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Integrating equation (5) for the initial conditions t = 0 and S = S;, find an expression for this

allowance, which is removed during polishing,
t

stn—%t+a&%—ma(1—éﬁ) (6)

The equations allow to analyze the change in S(t) and vs(t) at each stage grinding [8]. At the
cutting stage and nursing equations describing the laws of removal allowance and rate of removal can
be derived from equations (4) and (5) substituting them according vs,= 01iv; = 0.

Dependence vs=f(S) analytically determined only at the stage of nursing:
Sp—5

- ()
Tp
For the remaining stages of grinding, which v; # 0 and dependence vs=f(S is determined by the
type of transcendental equation (5) can find the approximate analytical solution of equations and
connecting vs and S

Ve = Ve —

t
For this resulted above equation is replaced by an exponential e 7 function approximating a

member of the species @(t) = —at + b. The approach is performed by least squares. The most
common is an approximation ¢(t), for which the lowest value is:

t.
M= [ If(®) —e()]?dt. ®
To find the parameters a and b M derived from each of the parameters are equal to zero:
1aM _ rtp .2 _ -L — N
EE_tl[ at tbt te T]dt—ﬂ, )
19M _ btz . _
EE_JH( at +b er)dt—ﬂ. 10)

The equation approximating functions in general written as ¢(t) :—a1%+(1—b).

Numerical values al and b are defined set boundaries approximation interval t; and t, which are set
based on the largest and smallest processing time at the test stage grinding. It is clear that the narrower
interval approximation, the more accurate the resulting equation describes the real dependency [6].

As a result of the approximation equation changes as a function vs allowance, for example,
during cutting is:

v, = — (al S bvﬁ). (11)

1-ay Tp

These equations are valid for minor errors of form parts and satisfactorily describe changes in
laws vg(t) and S(t) at the finishing stages of grinding. But in the early stages of polishing the change
rate largely depends on the nature and source of errors workpiece shape [6].

Research transient cutting internal centreless grinding of details showed that the initial grinding
cutting process differs significantly from that described by equation (4). Fig. 2 shows the curve of
dynamic error 4, and 4, temperature error in the function allowance Z, left on processing the results of
analytical studies.
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Fig.2. The dependence of temperature and dynamic error of allowance for extreme values of the
parameters of the cutting process
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In the initial period of grinding allowance is only removal of the treated surface appearances [5].
The time for which the grinding wheel will always be in contact with the workpiece, ie the time
dotorkuvannya the bottom cavity, defined as:
Loom = ﬂqbﬁ.fvﬁ’ 12)
where 44 - output error shape of the workpiece, which is determined, for example, for
centreless grinding as the largest riznostinnist details.
For grinding of filing for accelerated v, time ts,» determined from the equation (11)
|f t()om< tn,m
where ; t,., = T, In "% _accelerated while cutting
np L
Vs - the rate of removal allowance for roughing included supply vs.
For toom> tuy toom time is given by:

_tnp
‘d_
w4 1)

The error details in the form t,, time, numerically equal to the elastic deformation S,,
technological system to this point:

_359 _tﬂe qu _té{}m_tﬂf
ﬂ¢ﬁ:v§Tp(1—e Tp )—I—vinp(l—e_T)e ™ (14)

and allowance, taken from speeches details during to.» equals Azs — d'@ﬁ.

Taking the time t,,, origin of the current value of the error form details the difference between
the current value of the elastic deformation of the system during grinding and hollow speeches:

_toomtnp by _teomTtp T _t
Ags(t) = v,T, (l—e ™ e TP)+vin (1—3 Tp)e e e Tp — T, (l—e Tl’).

P
(15)
After the change:

t

Byps(t) = Aye o, (16)
Equation (13) implies that the error 444, if T, remains unchanged, only a function of processing
time.
If t > tsm, the current value of the average speed removal allowance
[ : t
lﬂg)z%(l—e%)—%%Tn 17)
T
Conclusions. The total error handling in grinding operations is complex, the main components are:

- own error active control devices that are included in automatic dimensional control;

- errors caused by temperature deformation at all stages of the dimensional parameters;

- errors caused by dynamic processes of the automatic control dimensional parameters.

To increase the accuracy of details dimensional parameters of rolling bearings can be based on
optimal construction of the process for grinding vykinchuvalnyh processing operations.
Analyzing the calculated data and graphs can be drawn:

- qualitative relationship between the individual components of error processing can vary
widely by changing conditions of processing, building cycle time grinding;

- the current value of the random component of the dynamic error 4, and grinding temperature
error 4, to vykinchuvalnyh stages of processing are determined mainly by instability speed
removal allowance, cutting the time constant strain and temperature details at the end of the
rough grinding;

- stabilization of allowance removal rate is much faster stabilization of temperature
deformations details. Therefore, in some cases the main factor limiting the reduction of time
polishing the final stages are temperature error Ay;

- nursing input stage after rough grinding allows you to assign a minimum allowance for fair
grinding through removal during most of the nursing bed of fallen and significant reduction of
errors in the form of processed holes. For removing minor fluctuations rate allowance at the
end of the rough grinding A4vs, and time constant A7, entering nursing rough treatment
increases productivity. For relatively large values Avs, AT, and allowance for nursing 4D uopu
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significantly increases the speed instability removal allowance and other deformities system
VPID late stage grinding. Also increases the scattering of nursing time, time circle to supply
parts after the revision;
- Developmental stage after the introduction of fair grinding ceteris paribus increases the supply
of the clean and therefore reduce the wheel cart to detail;
- is the most productive cycle of nursing after rough grinding and finish (fourth version);
- for a relatively long time t...», removing finishing allowance, the amount of temperature
deformation of details at the end of treatment depends mainly on the size of the finishing feed.
Therefore, the limiting factor increasing the supply of clean, along with the factors listed above,
may be allowed value of temperature error processing, primarily its systematic component. For
relatively small values t.ss, twen and editing time, temperature deformation of details at the end of
treatment will depend also on their deformation temperature before entering the circle to edit.
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Mapuyk B.I., ['puniok C.B., Mapuyk L.B., Jikyrypsn T.I'.!
JlynpKuiit HalllOHATBHUHA TEXHIYHUHA YHIBEPCUTET
Uleninceka Mopcbka Akamemis

MOJIEJIIOBAHHSI PO3MIPHOI TOUHOCTI B ABTOMATHU30BAHII CUCTEMI

HIJII®YBAHHSA IOBEPXOHb OGEPTAHHSA
B pobomi posensoaembcs énnue sikocmi winigho8aHux no6epxoHb HA GOPMYSanHs iX PO3MIPHOT

MOYHOCMI Ha onepayisx wnighyeants Kiteysb poruxoniowunuuxie. Ilpoyec pizanns winighyeaunam Ha
ABMOMAMU30BAHUX BePCTNAMAX MOJCHA pos2nsdamu 5K iHepyitiny nanxy. Cymapua noxubka
00poONeHHs HA WTIQYBATLHUX ONePaYISX MAE KOMIAEKCHUL XapaKkmep.

Knrouoei cnosa: noxubka, porukonioumuniuky, wiig)yeanHs, moyHicms, 0emaJb.
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Mapuyk B.HU., I'puniok C.B., Mapuyk U.B., xxyrypsu T.I'.!
Jlyukuii HalMOHAIBHBIN TEXHUYECKUI YHUBEPCUTET
Mlenunckas Mopckas AkaneMus
MOJEJUPOBAHHUE PO3SMEPHOM TOYHOCTH B
ABTOMATHU3UPOBAHHBIX CUCTEMAX HUINM®YBAHHS IOBEPXHOCTH
BPALIEHUS

B pabome paccmampusaemca eiuAHue Kawecmea WLIUPOBAHHLIX NOGepXHOCMEl Ha
Gopmupoganue ux pasmepHol MOYHOCY HA ONePAYUSX WAUDOBaAHUS KOAeY POIUKONOOUWUNHUKOS.
Ilpoyecc pes3xu wWaU@oBKoOl HA ABMOMAMUSUPOBAHHBIX CHIAHKAX MOJCHO DACCMAMPUBAMb KAK
unepyuonuoe 38eno. CyMmapHas nocpeutHocms 00pabomKu HA WAUQOBANLHLIX ONEPAYUAX UMeem
KOMNJIEKCHbIU XapaKmep.

Knrwouesnie cnosa: nozpewtnocms, poruKonoOWUnHUKY, Waugo8ka, mouHoCcmy, 0emab.
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