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DEVELOPMENT OF A MATHEMATICAL MODEL OF THE TURNING
OPERATION OF CHARACTERISTIC BEHAVIOR OF THE DYNAMIC
SYSTEM IN DEVIATIONS FROM THE NOMINAL MODE
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Abstract. Dynamic model of the process of turning a two-conmg control. Developed a dynamic
model of the process of turning a two-part managgptaking into account the dynamic properties
of the basic technology of the machining procees] tvear, and deviations form the nominal
parameters allowing for the two-component control.

PA3PABOTKA MATEMATHYECKOM MOJIEJIA ONNEPAIIIN
TOYEHMUS, XAPAKTEPU3YIOIIEW MOBEJEHUE TUHAMHUYECKON
CUCTEMBbI B OTKJIOHEHUAX OT HOMUHAJIBHOI'O PEXKUMA
Cmpenanan 10.0.

KiroueBble ¢jIoBa: TOUCHHE, YIIPABICHUE, BOSMYIIEHHS , JMHAMHUKA.

AHHoTanus. Pa3paborana nuHaMHWYecKass MOJENb IIPOILECCa TOYCHHS C JBYXKOMIIOHEHTHBIM
yIpaBJI€HHUEM, YYWTHIBAIOIIAasi OCHOBHBIC TMHAMHUYECKHE CBOMCTBA TEXHOJOTHMYECKOW CHCTEMBI
mporiecca 00pabOTKH, W3HOC MHCTPYMEHTa M OTKJIOHEHHS (OPMBI 3aTOTOBKH OT HOMHHAJIBHBIX
MapaMeTPOB C YIETOM OCOOCHHOCTEH NBYXKOMITOHEHTHOTO YIPaBJICHHUS.

Formulation of the problem. Increasing consumer demands for equipment
performance in total naturally tightens the requieats for the parameters of its
individual parts. In turn, product quality depends the parameters of the
workpiece processing technology and technologigstesn properties [1].

Constantly increasing demands on surface qualitg #Hreir geometric
dimensions in conditions of inconsistency of thehteological system parameters
require analysis and consideration of the dynafitke processing process [2].

Technological operations are traditionally desigmsthg methods not fully
responsive to process dynamics influence of distgrifactors which reduces the
stability of quality indicators of manufactured gumts. Processing modes are
assigned based on adverse conditions, which requoesictivity and leads to the
correction and reconfiguration of the technologisgbtem before it requires its
actual state. [1].

Analysis of recent research and publicationsin existing works, when
describing the dynamics of the operation, the @meeg in the zone of contact of the
tool with the part [3] either used simplified preseng schemes and to coordinate
the results of experiments and modeling, an extgraaodic disturbing force was
introduced [4] which does not correspond to thecstire of a dynamic system.

The purpose of this articleis to develop a dynamic model of the turning
process with two-component control.

Statement of the main material.To build a mathematical model that takes
into account the dynamics of the processing procasd allows you to
automatically adjust the control cycle of the opieraof finishing turning, consider
the process diagram presented (fig. 1).
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To build a model of the dynamics of the interactiminthe tool and the
workpiece during processing, we give a mathematiesicription of the process
that relates the parameters of the part shapeamhdvear, their relative positions,
elastic, damping and other properties of the teldgncal system.

As a mathematical model of the workpiece, a rogatlisk is considered, and
with its one-dimensional representation, a rotaticigcle. The workpiece is
characterized by shape deviations and imbalancés;hwusually explain the
appearance of periodically changing forces arisingng turning. The tool wears
out during operation, makes regular and random atitms, the amplitude,
frequency and phase of which change over the pefiadol life, which leads to a
change in the surface quality of the part.

For the turning process, the calculated interacscheme has the form
presented on fig. 1.

Fig. 1. The design scheme of the dynamic systetheofurning process

For elastic and dissipative links, damping coeéints are indicated in the
diagramhyy, hia, hpa, Moo, Dy, hao, hag; rigidity c11, c12, 21, €22, €31, 32, , c41, Mass
valuesm, my, mg respectively, tool holder, workpiece and caliper.

After bringing the corresponding coefficients, geheme presented on fig. 1,
takes on the form (fig. 2).

For such a calculation scheme using the D'Alembagtange principle, a
mathematical description is constructed that chiaraes the dynamics of the
displacements of the centers of mass of the todl tae workpiece, taking into
account changes in the actual cutting depth, infdha of a system of differential
equations:
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{rmwhlxﬁclxﬁhgff +ct; ~hS-cS=0 "

M,%, +h,%, +CyX%, = haff -Gty =0,
herem, m, — reduced mass of workpiece with centers and tdbl twol holder;h
and ¢ — drag coefficients (damping) and stiffness cogfiti link, respectively;
X, coordinates of the center of the tool holded X, — coordinate of the center of

rotation of the workpieceS — path traveled by the feed mechanism in timg —
actual cutting depth.
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Fig. 2. The design scheme of the dynamic systetheofurning process

The actual cutting depth, according to the desrese (Fig. 2), is defined
as

t, =R+r-L, 2
where R = R, + AR— the current value of the position of the tip leé tutter, taking
into account its weaAR; r =r, +Ar — current radius vector of the workpiece
taking into account material removal and shape alevis Ar;

L =L, +AL =L, + X, —x— current distance between the center of the totlen

and the center of rotation of the part.
Given the definition obtained, and its constituent elements for the initial

position of the workpiece, at the moment of begignof its contact with the tool
(Lo=Ry+ry;$=0;X%,=0;%,=0;t, =0) system of equations (1) deviations
will be recorded:
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Mm%, +hX +Cx, +hy(% +AR) +cy(x, +AR) -
—hy(X, —Af) = Cy(%, —Ar) - h.’I.S_ ¢S=0,
m,X, + h2X2 TCX, + h3(X2 —Af) + C3(X2 _Ar) -
- hy (%, +AR) — c,(x, + AR) = 0.

Due to the rotation of the workpiece, variationgggometric dimensions are
periodic or almost periodic in nature, which exptaithe appearance of internal
exciting forces that substantially determine theaiyics of the turning process.
Model (3) serves as the basis for analyzing theadhyos of the deviation of the
process of interaction of the tool with the worlqadrom the nominal mode.

To simulate the process, the stiffness and dampmagfficients were
experimentally determined (table 1).

When determining the static rigidity of the tectowtal system, the
workpiece was installed in tensometric centers larmight into contact with the
tool. Using the mechanism of transverse feedsimirery loading was performed
by gradually pressing the tool onto the workpie&ter that, the control loading
and unloading of the system was performed. Accgrdonthe indications of the
calibrated amplifier, the loading and unloadingcés were determined, and the
corresponding displacements in the system wererdeted by the readings of the
linear displacement sensor. The obtained experehelata were processed using
the least squares methodThe damping coefficientcatsilated by the logarithmic
attenuation decrement by the method [5]. The masanpeters are taken from the
machine data sheet and determined by weighing tinkpiece and tool:

)

Tab. 1. Experimental parameter values for the modeachine
CTU3500M(H), for steel blanks &D

No HanmenoBanue O6o3HaueHNe 3HaueHune
1 | System stiffness coefficient (tool holder) ¢, .N/m (1...5)-16
2 System  stiffness  coefficient  (workpig o N/m (1...18)-16°
centers) 2
The coefficient of static stiffness didg contag
3 of the tool and the workpiece ¢;» N/m (1...10)-10
4 |System damping coefficient (tool holder) h,N-s/m (2...5,7)-16
5 | System damping coefficient (tool holder) h, N-s/m | (1,1..5,2)-19
6 Damping goefﬁment of contact between t h3 N-s/m |(1,15...1,243)- 14
and workpiece
7 |Reduced mass (tool holder) m kg 5000
8 |Reduced mass (workpiece centers) m, kg 10000

The processing process for the turning scheme théHollowing parameters
is simulated: my=5000, m,=10000, ¢c;=1e9 N/m, c,=1,5e10, cz=1e7, h;=2,1e5,
h,=1,3e5 hs=1e4,AR,=A sin(wt), AR;=0, AL=5e-5,w=20, A=5e-5.
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Dependency graphs for tool position deviatiensblanksx, and depth of cut
ts from the nominal values are given on fig. 3.
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Fig. 3. Dependency graphs for position deviationsblanksy, and depth of cut,
from the nominal values

Current tool size deviationAR and blanks Ar depend on a number of
uncontrolled parameters and can be considereczasialns of random processes.
Values Ar can be measured directly during the processinggssy and direct
measurements and control of the depth of cut @efmantly difficult or almost
impossible.

Due to the rotation of the workpiece, variationgggometric dimensions are
periodic or almost periodic in nature, which exptaithe appearance of internal
exciting forces that substantially determine thaaiyics of the turning process. For
further analysis, the dynamic system (3) shouldeloeiced to the form:

xl=%[—(m+m>x1—(c1+c3)x1+h3x2+c3x2]—
1 . 1 .

— = [, (AR + AF) + ¢, (AR + Ar)] +—[hS+¢,S],
L IR(OR 0 + o (8RN + (S +cS)

@)
%, = %[—(hz )%, = (C, +Cg)%, + hy¥, +Cox] +

+%[h3(AR+Ar‘) +C,(AR+Ar)],

The first terms of the right-hand sides of relasiqd) are components with
derivatives of deviations of the position of thentez of mass of the cutter with the
tool holder and the center of rotation of the waekp, which depend directly on
the internal generalized coordinates of the dynamgystem (geometric and
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kinematic). The second terms reflect the influeat&ear on the tip of the cutter
and deviations in the shape of the workpiece. Tird term of the first equation in
system (4) reflects the effect of the cutting patid radial feed of the tool on the

dynamic system.

With notation
Vi=X, Yo=Vi=X, Y3 =X,

system (4) can be reduced to the normal Koshi form:

Y1 =Yo,

Y3 = Ya

+i[c3(AR+Ar)+h3(AR+Ar)].

y4:y3:X2

Y, = _%[(Cl +c)yy +H(h +h)y, ¢y, —hyy,] -

—i[c3(AR+Ar) +h,(AR+Ar)] +%[hl$+013]’

. 1
Yo = __[(Cz + Cg)ya + (hz + hz) Yo =Gy, — hsyz] +

(5)

(6)

To solve the problems of modeling process dynaniigs,advisable to write

relation (6) together with the observation equation
In the matrix form of the state space, the systgag the form:

Y, = A Y, + B, W + C, [U;
Z0=E0w0+|:0 |N/O’

Ty = Qy [Z,,
0 1 0 0 |
_Gte _hth o hy
wnc @ BT
C h  _c+c _h+h
L m m, m, m,
0 ] 0 | r
s _G _h gl
U:SI, Boy = (r)nl Be2 = (r)nl , Co=| M
S, c h, 0
S, — — 0
m, m, -
Boz]’

W, =[4R+4r], W, =[AR+Af], B, =[B,,

Vi
. Y
lY = .
° Y3
Vs
0
h
m 1
0
O -

(7)

Y, — Is a vector (column matrix) representing theesteector of the systeny, —
system derivative vectordy, — matrix characterizing the dynamic propertieshef
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system,B, — a matrix of parameters for the influence of d&uns in the shape of

the part and toolyv — state vector of deviations of the shape of thr @ad tool
from the nominal parameter§,, — process control matrix) — vector of control

actions associated with the transverse feed.

l O O O fll le Vl
E, = K= Vo = v To =Mt L Qe =[-1 1],
0 |:O O 1 0:| 0 |:f21 f22 0 V2 0 [ f] QO [ ]

where Ej,F,,¥,, T,, Q, — matrix of the state of measurements; matrix @ga

intensities of the meters; a matrix of independeatissian white noise meters of
unit intensity, a matrix of depth of cut, and a mafor converting aggregate
measurements, respectively.

Conclusions and offers.The above relations (7) with designations common
to (1), (2), (3), (5) are a dynamic model of thentog process with two-component
control, taking into account the main dynamic prtips of the technological
system of the processing process, tool wear anatilmv of the workpiece shape
from the nominal parameters, taking into accouset fimmtures of two-component
control.

This approach allows us to separate the requiresmentfeed mechanisms
according to the ranges of regulation and accuracy.

Prospects for further developments in this direct@we associated with the
construction of diagnostic systems and the devedmpnof automatic control
systems for technological processes of turning.
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