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THE RESEARCH OF THE MODEL DEFORMATION PROCESS OF

ROTATING OBJECTS

The stress-strained state mathematical model of rotating objects with the complex geometric configuration
is offered. The class of the model is chosen as an mathematical physics equations incorrect problem for the
rectilinear, toroidal and conical areas. The model of the stressed state of objects is realized, the directions for

further researches are revealed.
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Introduction. The rotating objects technical state
with the complex geometric configuration is consid-
ered in this article, and the basic characteristics of
these objects are evaluated. Let’s define three basic
approaches to its solution. For a simulated object, the
initial characteristics are known, which include all
design parameters and expected operating conditions.
Determine the value of the parameters by solving a
certain functional equation. For objects with known
characteristics it is possible to determine the func-
tions that determine the action of the most common
force, physical, climatic and other factors — for exam-
ple, operating pressure in the system, rotation mode,
thermal characteristics, etc. Consider the most gen-
eral and natural case that arises when solving con-
trol problems, or aspects of the technical state. At the
initial moment of time (for example, at the beginning
of operation), the initial characteristics of the object
are known, and the results of a technical survey
determine the characteristics of the object, which are
actually changed during the operation of the initial
characteristics. The problem of studying the technical
state of rotating objects of complex geometric config-
uration with the corresponding initial conditions and
determine the deformation process and the stressed
state of the object is formulated.

The problem formulation. During the analysis
of the technical state of rotating objects of complex
geometric configuration, in addition to the experi-
mental evaluation methods [1; 2] of the main charac-
teristics, there are widely applied methods of mathe-
matical modeling [3-5], the implementation of which
is complicated by the nature of phenomena and pro-
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cesses, simulated for existing objects. According to
the approach proposed in [6], any problem of man-
aging the existing objects, or assessing its technical
state, can have three main approaches to its solution.

1. Let the initial characteristics x, which include
all design parameters and expected operating condi-
tions, of the simulated object be known. In this case,
the values of the y parameters, in which X character-
istics transmit during the operation, can be obtained
by solving a certain functional equation:

where A(V,,V,, ...V, ) is a certain operator that
formalizes all influences V,.V,. ...V,, acting on the
object during the operation; its structure is known. In
fact, (1) is an equation, or a system of equations of
mathematical physics with correctly defined practical
and initial conditions, for which the resolution (exact
or approximate) exists and is uniquely determined, as
evidenced by the corresponding mathematical calcula-
tions and results [7]. Problem (1) is usually solved at
the design stage. In this case, the characteristics V,,V,,
...V, are clearly formalized. In terms of practical use,
the problem (1) for assessing the technical condition
or object management can only be used to obtain pre-
liminary results on the project state of the object dur-
ing operation for the most standard model values of
parameters V,,V,, ...V,, which are significantly differ-
ent from the actual operating conditions V,(7),V;(t),
..V,(t), which are functions of time. They often take
into account the actual operating conditions, but in the
vast majority of cases the structure and quantitative
characteristics of these functions are unknown.
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2. If x characteristics are known for the objects,
as well as the functions V| (7),V,(t), ...V, (t) spec-
ify the action of the most common force, physical,
climatic and other factors — for example, working
pressure in the system, mode rotation, thermal char-
acteristics, etc. The peculiarity of this approach is
that V| (¢),V,(¢), ...V, (t), m<n are known functions.
In this case, the problem is written in the following
form:

y:Ar(Vl (t)""VM(t))f (2)

where 4, differs from A, given in (1), by a sim-
pler structure. In this case, the correspondences are
also established for the system or equation (2), but the
boundary and initial conditions are simpler than in
(1). In some cases, the problem (2) takes into account
changes in the spatial configuration of the object
being studied.

The most common and natural case that arises when
solving management problems or aspects of the techni-
cal state of the objects being studied is the following:
X characteristics of the object are known at the initial
moment of time (for example, at the beginning of oper-
ation), and y characteristics of the object, which are x
characteristics, actually changed during the operation,
are determined according to the results of technical
examination. In real cases, x and y ¢ are not deter-
mined on the entire surface of the body being studied
(it is often impossible), but only at some area (subset)
of this object. In this case, the task of management or
technical state of an object is formalized as follows: the
following problem must be solved:

y=A4-%
x(Q)=x, 3)
¥(Q)=Vs

where Q is the part of the surface, in which x, and
y, are given, A is an operator with an unknown struc-
ture, (x, and y, are parameters of the object state at
the entire area that it occupies). Obviously, the prob-
lem (3) is incorrectly set; it is necessary to propose
certain conditions of regularization for its solution
[8]. In this case, the problem (3) is decomposed into
the following tasks:

a) defining xandy on the entire area, occupied by
the studied object by the known values x, and y, ;

b) defining the structure of the operator A to deter-
mine the nature of the forces and loads acting on the
object being investigated and its quantitative charac-
teristics.

Problem solving:

a) with the choice of interpolation or data approx-
imation apparatus, which allows you to reproduce

xandy ¢ for the known x, and y,. In this case,
the device of cubic spline interpolation or the same
splines with smoothing as well as the approximation
device depending on information on the measurement
accuracy x, and y, or on the nature of the change
in the value xandy during the operation (linearity
of dependencies, allocation of the most characteristic
forces and loads, temperature regimes, etc.).

In the stage b), the structure of the operator A is
renewed based on the defined values of xandy . For
example, the model of the deformation process and
the stressed state is chosen, then the problem of type
(2) is solved, and based on the known x there are
defined:

v, =4 (Vi (1),..V, (1)) X . 4)
The choice of 4, operator is considered to be com-

plete if y, value differs little from y . According to
the calculated operator:
A= lim A

The result of choosing A4, during the N-fold solu-
tion of the problem (4) is determined not only by y
value but also by the predicted values of y, , which
make it possible to make predictions for estimating
the residual resource of the object.

The proposed approaches can be illustrated in
the following example. During the study of the
geometrical configuration of rotary kilns in the
enterprises manufacturing cement, drying equip-
ment in the sugar industry, etc., a simplified scheme
of the mentioned constructions can be presented as
a combination of contiguous rectilinear conic and
toroidal areas:

a) straight-conical conjugation;

b) rectilinear-toroidal conjugation.

Let the coordinates of some set of points be spec-
ified at the control and the initial moments of time on
the surface of the objects under study. Using interpo-
lation procedures and methods of differential geome-
try, one can get an idea for three types of elements of
the studied bodies construction:

— at the initial moment of time the radius vector of
any point for a straight line area is written as:

X=3S
V.= 1y =rcosp . 5)
Z = rsing

S is a longitudinal coordinate, S€ [S,,S,], where
S, is the initial, and S, is the end point of the rectilin-
ear axis, @€[0;2 # | is the polar angle; V=[ R ,R, ], R
is the internal, and R, is the external radii for the con-
trol moment of time representation (5) is transformed
into the following representation:
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_s+(a”(s) sing + o (S )COS(P)P(S r.Q)
7. =1y =y(s)+ (B, (s)sing + B, (s)cosp) p(s,r,0), (6)
7=2(s ) (r, (s)sing +r, (s)cosp) p(s,r,)

where p(s,r,¢) is a function that defines the law of
changing the radius of the area, {s,y(s),z(s)} are the
coordinates of the deformed axis of the area; the func-
tions y(s) and z(s) are the results of implementation of
the interpolation procedures [6], { {a, (S5), 8, (s).7, (s)}
and {«, (S), B, (s).r (s)} are the coordinates of the unit
vectors of the normal and the binormal to the pipeline
axis, which are determined according to known for-
mulas of differential geometry [9], the representation
for the radius vector at the initial moment of time for
the conical area is written as follows:

(r,5)cosp, (7

R-R RS-
S5,

R, and R, respectively, are the largest and small-
est radii of the conical area;

S, and S are the initial and final longitudinal
coordinates of the conical area;

€ [0;3]; o is the thickness of the wall. At the con-

trol moment of time, the dependence (7) has the fol-
lowing form:

where p(r,s)=

x =s+(a,(s) sing +a, (s)cosp) p(s,r)
V=1 =y(s)+(B, (s)sing + B, (s)cosp) p(s.r), (8)

2 =2(8)+(r, (s)sing + 1, (s)cosp) p(s,r)
where,  {sy(s)i(s)}s e, ()38, ()5 ()]
{a,(5);B,(s);r, (s)} are the components of the axis
points of the deformed conical area, the normal and
the binormal to it, respectively, p(s,r) is determined
similarly to (7). Ifthe radii R,, R and coordinates S,,
S, 1 change during the deformation process, these
values are substituted in expression (7) for p(s,r).
For determining the coordinates {s,y(s),z(s)} it is
expedient to use the technique of Hermite polynomi-

als in representation (8) on the condition that:

H (s))=¢, H(s )=e,

H (5, )= ¢ H (s e, ©

the experimentally determined values of ¢, ¢,
&,,&, , as a rule, satisfy the condition:

el < 1,i=1,2,3,4. (10)

In addition, ¢, and ¢, must meet the conditions
for conjugation of the rectilinear and conical areas.
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Under the conditions (9), the polynomial takes the
following form:

_ P 28 =S, +35,
H(s)=¢, [(S_Sl) [(So _Sl)z +(So _Sl)z]:l+

o (SIS =S qie, [(5-5) (25

(S-S (85, -5,)
L 35,-8, } e {(S—SOY(S;SI)} an
s (S1-5,)

— for a toroidal area at an initial moment of time:

x = (R, + rcosg) cos®
V,=1y = (R, + rcosep) sinf
z = rsing, ¢e[0;27];
ris[R;R ]and 0 is [¢ ;9,], where R and R,
respectively, are the internal and external radii of the
toroidal area; R, is its radius of curvilinear; ¢, and
¢, are the angles of opening the toroidal area (¢, = 0;
»n=7 ) All of these parameters are known from the
design documentation; the representation (12) has the
following form at the control point of time:
x = (Ry + rcosp)cosd
Vi=1y=
z =rsinp, ¢e[0;2x],
where R, is a new radius of curvilineum of a
toroidal area. According to the coordinates of the
pOintS A (xp)ﬁs 3 )»Az (xzaJ’2azz)aA3(x3: V3, %3 (Fig- 1),
the locus of the points, equally distant to 4,, 4, and
4,, from the following system [6].

(x_xl)z +(y_yl)2 +(Z—Z|)2 :(x_xz)2 +(y_y2)2 +(Z—Z2)2
2 2 2 2 2 2° (14)

(x-x) +(y-n) +(z-z) =(x-x) +(y-n) +(1-2)
System (14) is a parametric equation of a straight

line, which can be written after transformations as
follows:

(12)

(R, + rcos) sin

(13)

X=X +at
y=y +pt (15)
z=z +yt

Where (15) is the direction vector of a straight
line, which is determined from (14). The equation of
a plane passing through the points ( 4,, 4,, 4, ) is writ-
ten as follows:

X=X V-ni-1%
X, =XV, =02 —4|=0
— N4
Substituting the relation (15), taking into account
(13) in equation (16), we find the coordinates
(x',y,7") of the point of intersection of the plane (16)
with the straight line (15), and then:

Ry = (¥ - (¢ -a)

(16)

X3 =X );

(17

+(y* _y1)2
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Fig. 1. Circuits of elements conjugation
of rotating objects construction

The presentations (5-6), (7-8) and (12—13) fully
describe the undeformed and deformed object of
the study, and then one can assess the change in the
stress-state state of the object within the framework
of the theory of elasticity according to the known
method [7]:

1. There are calculated components of the vectors
of local bases for three types of areas according to
formulas (5)—(6) — for rectilinear, (7)—(8) — for conic
and (12)—(13) — for toroidal areas:

B =<0 x =i, = 5%, =8 (18)

i

for rectilinear and conical areas:

2. The components of the matrix tensor are calcu-

lated as follows: _
g = R

g =39 1)

3. Then the components of the deformation tensor
are calculated:

Lo .
&y = E(gij - g:) (22)
4. Then the components of the stress tensor are
calculated in the framework of the linear theory of
elasticity:

oy =4l (5) 8u +2uey (23)

Where Aandyu are the parameters of the Lame
material, I, (¢) is the first invariant of the deforma-
tion tensor:

L(e) =3k, 24)

i=1 j=1

where g’are the components of the matrix,
inverse to {g,}, calculated according to (21) for the
initial moment of time. Thus, the initial model of the
process of deformation and the tense state of objects
of complex geometric shape, which operate in condi-
tions of rotation around one of the axes (usually-lon-
gitudinal), is fully developed.

Conclusions. We have developed an initial model
for the process of deformation and stressed objects of
complex geometric form, which operate in rotational
conditions around one of the axes (generally, longi-
tudinal):

— investigated the process of exploitation of

= %, X, = 7%, = @;X; =0. (19) objects and determined that the possible change in the
ox; process of operation depends on the initial conditions
at the initial moment and: and the geometric shape of the object;
- ar (20) — the obtained results of the complex geometric
T 0x; configuration rotating objects work modeling were
at a control moment of time. obtained by the method of data configuration..
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JOCJIIIZKEHHSA MPOUECY JE®OPMYBAHHSA MOJIEJII OBEPTOBUX OB’EKTIB
IIpononyemuvca mamemamuyna mooensb npoyecy 0eq)OpMyS8aHHs ma HANPYICEHO20 CMAHY NPOMIAUX
0bepmosux 00’ekmie cKk1aoHoi eeomempuunoi kougicypayii. Obpano Kiac mooeni K HeKopekmHoi 3adayi
PisHANb MamemamuydHoi (izuxu. 3anpononosano modenv npoyecy 0ehropmyeants NPAMOLIHIIHOT mopono-
0iOHOT ma KOHIUHOT OIIAHOK. 3aNpONOHOBAHO MOOENb HANPYIHCEHO20 CMAKy 00 €KMIis, GUSBIEHO HANPAMU
ROOAALUUX OOCAIOIICEHD.
Knrouoei cnosa: obepmosi 06 ekmu, HeKOPeKMHA 3a0aya, munu Mooenet, 0eopmayis, HAnPYICeHHSI.

HUCCIEJOBAHUE IMNPOLECCA JE®OPMUPOBAHUA MOAEJIN
BPAIIAIOIIUXCS OBFBEKTOB

IIpeonacaemes mamemamuueckasi MoOenb Hpoyecca O0ehopMUpOSaAnUs U HANPSICEHHO20 COCOSHUS
NPOMSIHYMBIX 8PAUATOUUXCST 0OBEKMOB CIONCHOU 2eoMempuyeckoll KoHgueypayuu. M36pan kiacc modenu
KaK HeKOppeKmuou 3a0ayu ypasHenuli mamemamuyeckou gusuxu. IIpednrosicena mooenv npoyecca deghop-
MUPOBAHUSL NPSIMONIUHEUHBIX MOPOOOPASHBIX U KOHUYECKUX yuacmikos. [Ipednoscena mooenb HanpsaiceHHo20
COCMOosiHUsL 00bEKMO8, BbIAGIEHbl HANPABIeHUs, OANbHEUUUX UCCTE0068AHULL.

Knwoueesvle cnosa: spawarowuecss obvbekmul, HeKOPpPeKmHAs 3a0aud, munvl moolenetl, Oepopmayus,
Hanpsicenue.

90 Tom 30 (69) Y. 1N 32019



