model, dynamic system, shaft, elastic deformable condition,
equation, operational transmittance, regulator

Victor TARANENKO*, Antoni SMC**

MATHEMATICAL MODEL
OF IDENTIFICATION AND AUTOMATION
THE PROCESS OF SHAFT MACHINING
IN ELASTIC-DEFORMABLE CONDITION

Abstract

The specification of the low rigidity parts machining process is consider
by introducing suitable equations of constrains, which describe additional
elastic deformations in one of equations describing the force controlling
influence. This paper introduces general and detailed mathematical
models of the DS of turning the longitudinal, low rigidity shafts. Research
results and examples of their approximation were introduced.
Some method of synthesis and examples structure of regulator P were
shown for one detailed model of DS under received approximated
operational transmittance of DS. The way of controlling the accuracy
of shafts turning in the elastic deformable condition and controlling
system was described.

1. INTRODUCTION

Continued efforts aimed at obtaining high-qualitaahining on machine
tools under conditions of various interferencesectihg the technological
system (TS) have led to the application of adaptivatrol (AC) systems in the
machine-building industry [1, 2]. The problem ofgravement of such systems
is particularly relevant under ESP conditions,hia tealization of so-called “no-
man” technology. Development of a mathematical rh@déM) of control object
(CO) in the dynamics, adequate to the original dbjés a prerequisite for
substantiated approach to the solution of the probdf analysis of stability
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of automatic control systems (ACS) or AC and sysithef correcting elements,
in accordance with required quality indices of &iéion process control.
Whereas, in similar systems, indexes of qualitgasitrol of the input variable —
elastic deformation in the dynamic F$&haracterize directly the errors of shape
of the machined parts, determined by the effecapidly changing interferences
of the type of change in material allowance for hiaing or variability of the
physicochemical properties of the machined material

The dynamic system (DS) of the process of machimsng technological
system —i.e. a machine tool together with the zedlitechnological process (TP)
of machining (turning, grinding, drilling, millindB, 5].

In the identification of DS the systemic approackludes the following
fundamental stages [5]:

- analysis of input data for the identification;

- formulation of control strategy oriented at a sfiegubsystem of basic

machine tools, in accordance with input data ingtesg ACS, AC;

- exclusion of invariant, relative to their spectrumput effects of
subsystems and components within the limits of riexzth capability of
ACS, AC and the machine tools;

- analysis of possible structures M of control system with respect to
their function, types of components and connectibesveen them,
number of levels of hierarchy, principles of cortimt, and permanence
of the connections.

With a lack of sufficiently complete and detailedormation on the object of
control, calculated characteristics may signifibamtiffer from the true ones.
The parameters (settings) of regulators adopte@signing do not guarantee the
required quality of control, or even stability dietsystem. Apart from this, the
analysed systems are characterized by extensivabilidy of parameters of the
CO. Those determinations indicate the complexityhef problem of ensuring
stability of the ACS and the necessity of takingaal care in the approach to
the problem of defining its structure and synthesithe corrective devices.

2. IDENTIFICATION OF DYNAMIC SYSTEMS OF SHAFT
TURNING

In the case when there is complete informationhenabject of control it is
possible to design a model using the analyticalhoekt Such a procedure,
leading to the identification of the structure aparameters of a model, is
referred to as the analytical identification. Fomplex systems, development of
MM with the analytical method frequently requiredddional experimental
tests aimed at the verification of theoretical tessand at determination of
some of the model parameters.
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The presented schematic of the structure of MM shibnat the basic scope of
work in the design of MM is based on in-depth tle¢ionl analysis of
connections between the variable parameters anéwaaling the relationships
describing the processes taking place within theabb

The possibility of linearization of equations of tom of the particular
components of the DS follows also from the commoatgepted view that
assurance of high requirements with respect toigioec of adjustment is
reduced to realization of adjustment systems ojgrait “small” deviations of
variables. Therefore, the dynamic system of thecgss of drilling can be
considered as multi-dimensional CO with subsystémshe form of the
technological process and an elastic system. Tioetste of the CO includes
circuits of feedbacks from the elastic system caumseforce effects that appear
in the course of realization of the technologicalgess.

References [4, 5, 6] present a system of equatiodsa generalized structural
schematic of MM of the dynamic system of shaft ingn The developed system
of equations and the structural schematic of MMetatko account the geometry
of the machined layer and of the machining forctuining, elastic properties of
the TS, process of forming of cross-section of echined layer (ML). The
process of forming of cross-section of the ML takeso account the
phenomenon of machining “following the feed ridgefiich consists in that the
components of the machined layer of the materighatcurrent moment are
defined by the temporary position of the cuttinggednd by its coordinates at
the moment of the preceding revolution of the sknished product, i.e. at a
time-lag of a single revolution. At the same tirhe effect of elastic deformation
for coordinate Z on the depth of turning is taketo iaccount.

The process of forming of the cross-section of Mlunder strong effect of
the phenomenon of machining “following the feedgdll and by elastic
deformations in the DS. The process of forming df Bfoss-section can be
described with a system of integral-differential uations with delayed
argument. Variables characterizing the ML crosdigecdepend on the input
variables and on the elastic deformation in the D&.the vector of the
technological variables, formed by the dynamic eysttwo components can be
distinguished — one defined by the vector of ingifiects and the other by the
vector of elastic deformations.

Elements of the vector of input values are the rcbmialues in the form the
straight feed rate, rotational speed of the machpaet, and also interference in
the form of changes in the hardness of the machmaterial and in the
machining allowance relative to the length and digenof the machined part.

The vector of elastic deformations is determinedhgyvectors of machining
forces and of control values entering the systemvibfational stability
assurance. Dynamic properties of the equivalenstielasystem can be
approximated with quadratic equations [7]. The choiof the vector of
technological variables is significantly affected/ ithe phenomenon of
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machining “following the feed ridge”, manifest inat the momentary values of
the components of the said vector are determinethéwalues of elements of
the input vector and of the vector of elastic defations not only at the current
moment but also at the time of the preceding rdiaiuof the machined part.
Due to this the dynamic system is described witlsyatem of integral-
differential equations with variable delayed arguaine

As a result of analysis of the processes occuirinpe dynamic system of
machining a system of equations and functions aisition were obtained, as
well as the generalized structure of the contrpeab

2.1. ldentification of turning of low-rigidity shafts

To improve the precision of machining of shafts hwitow rigidity,
technological methods were developed for the cbmtranachining precision,
based on change in the elastic-deformable condi@pf]. As control effects, in
accordance with the developed classification [@]tipular force control effects
are employed, or their combinations — axial andestrec tension, control by
means of additional force effects aimed at comp@rsaf force factors from
the machining process, bending moments at suppmtgrol of force-induced
bending-torsional strain.

MM of various technological systems of machining withntrol of the
elastic-deformable status for stabilised paramgeterssented in the form of
deflection functions, were obtained with the asstiompthat a banding force
acting on the machined part is an external varidiide is independent of the
elastic deformations in the DS. This approach isedaon not including the
closing of the elastic system through the procdsmachining and does not
introduce new errors into results of analyses aficsicharacteristics of the CO.
Analysis of the structure of a suitalldM of a control object for transition
parameters is not possible without taking into aterstion the specifics of
processes within the machining zone and the closinthe DS through the
process of machining.

MM of the considered control object — DS with cohtof the elastic-
deformable status of parts with low rigidity wasnstructed on the basis of
general principles of creating MM of DS [4, 5, 6] machining, with the
specifics of the process of machining of parts Wath rigidity being accounted
for by the introduction of suitable equations ohswaints [5, 11, 12], reflecting
mutual relationships between additional elasticodeétionsAg,, into one of

the equations representing the force control effetthe system of equations.
Equivalent elastic deformations of tl&in the machining of parts with low
rigidity can be represented in the form of two comgnts:
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g[ = g[obr. + g(cz. ' (1)

where: g, and g,, — elastic deformations of the machine tool, figtuool
and part for each coordinate, respectivély{x,y, z}.

The first component in this expression for the drfler consideration is, in
principle, lower by one order of magnitude and bameglected.
Elastic deformations of the TS in the radial di@ttg, in accordance with

the deflection equations [8], at set parameterfionit the inclusion of closed
status of the CO, may be considered as a detetimin@n-linear function of the
part parametersL,d,El ; components of the machining forc€,F,,F;;

coordinatesx of machining force application on the length af gemi-finished
product and various regulatory effects in the feftensile forceF,, ; eccentric
tensile force creating two regulatory effeétg and momentM = F, (&, where
e - eccentric of the tensile forces; one or moreitathl forcesF,,; ; bending
momentsM; ; torsional momenM g, or their combinations:

g= f(L,d,El ;Fcin!Ffinlie!FdOd.i’Mi’MQQ"X) . (2)

Assuming that the true feed rate and the rate ahgh of coordinate are
relatively small, in the analysis of transition pesses the change in coordinate
x in the function of time can be left out. Therefarelation (2) in the operator
form can be written as:

9y(8) = Ky [F; (8) + Ky [FL(8) + Ky [Fe(8) + K [Fq(s) +

' 3)
+ K [&(s) + K | [Fyoq; (8) + Ky, IMi(s) + Ky, Mg, (S)

where: dual indexes at coefficieritsmean that coefficient&,,, K, indicate the
effect of increase in the values of componéftg-, on increase in the

level of elastic strain on coordinagg K, =K, [Fy, -

The gain coefficients of linear equations are dafias fragmentary derivatives
of the strain function along the respective coamtbn For example, for the TS of
machining with the effect of axial tensile force,, causing the elastic-

deformable condition, from the system of elastifod®aations we obtain [5, 11]:

2[99y - Lri-cosermy/L)f .
Y O\oF, ), 2P A (Bl + Ry 1) )
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_[agyJ __FR 0°fi-cosermg /L) _ g, 0°
0

- - 3 5
Pa | 0F, 2 AP (Bl +F,[1?)  4m°[El +F, 112 ®)

where:F,,,g, — values of tensile force and elastic strairhefpart along

coordinate y at the point of linearization (values of variables
relative to which increases of variables are given)

In the special case under consideration the remgicwefficients in relation (3)
are equal to zero. Coefficients of gain, correspunto different DS at various
methods of loading (i.e. with axial-radial bendargd various methods of fixing)
in machining of elastic-deformable parts, obtaime@n analogous manner, are
presented in [5, 11] %, - coordinate of cutting edge position on machining
length at the point of linearization [5, 11]. Thed&ional elastic straing,,g,
with respect to coordinates and z, as a result of the action of the control force
effects under consideration, basically do not hawg significant effect on the
dynamic properties of the CO and can be treatecbglgible.

In accordance with the result of studies in ref3][1the components of
machining force without inclusion of the contactrast at the surface
of application are written as:

F.=Qu &b, F,=Q,@bK),, F =Q,AbK],

where:QpW — relative work of formation of shaving,
K}, Ky — constant coefficients for given conditions ofamiaing.

Hence
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and
nyM, = Qpuy, 80Ky Qpuy DK » My = QoK Qi 80K
My, = Qpu, oKy Qpu @K+ NoMy = Q30K QoK
nymx = mynx y m,n, =n,m, .

The relations given above permit simple transforomast of coefficientsA
and B included in corresponding operator transmittar(€®B) of the CO with
relation to various control and interfering effects

In referenced works [5, 11, 12] the authors analyee possibility of
replacing the obtained relations of OT with appneied ones, application of
which significantly simplifies calculation of chataristics of DS MM. The
analysis was made according to the criterion afergon of true characteristics
of MM with approximated relations in the time angduency planes; it was
demonstrated that the form of approximating retetishould be chosen taking
into account the numerical value of coefficieBit It was also determined that
the value of B=01 is the “limit” at which the switch from one formf o
approximating relation to another is justified. Thalue of coefficientB is
defined as the ratio of rigidity of equivalent ¢iasystem to gain coefficients of
the process of machining and can be adopted asdan of relative rigidity of
DS. Broad ranges of variability of machining paréeng on machine tools, e.qg.
of change in the hardness of the machined matemakhining allowance,
cutting edge geometry, determine broad ranges oahility of coefficients
m.,my, K, ,Ky,Ky, and B, respectively.

Calculations show that in machining of low-rigidighafts and in roughing
and profiling of parts with normal rigidity the weds of coefficientB are
notably greater than the limit value oB=01; in this case also the
approximating relations for OT according to (114), (15) should be built by
splitting the exponential functioa™ into a Pade series which, keeping the first
two components, may be written as:

e =(1-Lsm+ 122 |1+ Lsm+ 122 . (6)
2 12 2 12

In the case of control of the elastic-deformabladition of parts with low
rigidity through the application of tensile forég, the structure of C@as been

developed in [5, 11].
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On the basis of the schematic given in [5, 11]eraftansformation, the
relation for OT of the dynamic system when increiasglastic deformationg,

in the radial direction is adopted as the initiafigble is reduced to the form of:

9,(s) —K E]_+A’|1|__(;’,—sr)
Fa( ° 1+Bl-€)

Ge (9= (7)

where: K, =Kg 3 L : (8)
1+ K, Ty + Ky Oy, + Ky, K, (0

A =m K, +K, On, K, , (9)

g o MK Ky (my [Kyy[2+ Ky, [y + Ky, I, + Ky, Im /(K [my) + Ky, [K, Tm, /(K Tmy)]
h 1+K,, [y, +K,, [, + Ky, K, 0,

(10)

For known values of coefficients included in redas (7) — (10), the relations
can be notably simplified. Calculations show tmatriachining of parts with low
rigidity with application of force effects comportercontainingK,, and K,,

can be basically left out. In such a situation,rédation for B’ gets considerably
simplified, and the expression for coefficients, is notably reduced.

Denominator of OT of operator transmittance for B&ermined from the
relation in control of straight feed [4, 6] is re@wdl, as shown above, to the form
of denominator of aperiodic component of the fimst second order. To
transform the numerator of OT to a typical form @ae also employ splitting
the functione ™ into a Pade series, and then the analysed OT sslirae the
form of:

2 2+ I +
6 (9= Koo B TS5+

: (11)
(L B+ [T, [$+1)

The time constants, andT, are determined from the relation:

T, =057 EEO,5+ B+, (05+B)%- 1/3} (12)

by substituting in itB' to replaceB, and the time constants in the numerator are
then equal to:
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T, = 0289 T, = 05+ A) I . (13)

2.2. Simplification of mm of dynamic system of shaft turningin the elastic-
deformable condition

Further transformations of the numerator of OTqfguld be made with the
inclusion of time constants; and T; which depend omA . If A'< 0077, then

the OT of UD can be written in the following typidarm:

S 90O | JEE +2e M35+

G, (s = : 14
FXI( ) Fa(s) ° (LE+) T, 5+]) (14
where: ¢ — coefficient of attenuation
_ 05+ A (15)
0577

In the case whem\ = 0078, the approximating relation for the analysed OT
assumes the form of:

e Ey(s) =K, E(T“ $+D) [T [5+1) ,
a(S) (T 5+ [T, [$+1)

where: T, = 057 EEO,5+ A+, (05+A)* - 1/3} :

In an analogous way, on the basis of the genedasireictural schematic and
system of equations [5, 11] models of DS were olethifor other control effects.
The approximating relations of dynamic system foif various control effects
differ from those presented here only in the valtithe gain coefficienk, of

the CO. Instead of coefficienK, in relation (8) for K,, in such a case

(16)

coefficients of gain for the respective effedts, Ke Ky Ky are inserted.

The values of those coefficients can be calculaecbrding to the relations
given in [5, 11].

In many cases, with accuracy sufficient for pradtengineering calculations,
approximating relations for OT7) should be built with the use of the first

component of the splitting of functiceg’® into a Pade series:
. 1 1
e = (1—§sm)/(1+§sa) . (17)
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Table 1 presents operator transmittances, coeffEi@f gain and time
constants for the generalized and the detailed dMynamic system for the
turning of low-rigidity shafts in the elastic-defoable condition [5, 11].

Tab. 1. Operator transmittances, coefficients of gain and time constants of
generalized and simplified MM of dynamic system of turning of shaftswith
low rigidity in elastic-defor mable condition

Ky, #0, K, #90° Ky, =0, K, =90"
No [~ Dynamical System Coeffic £ Gal Time Constant Dynamical System Coeffici £ Gal Time Consant
Operator Transmittance oeflicient of Gain ime Constants ) operator Transmittance oefficient of Gain ime Constants
1 2 3 4 5 6 7
Using first two elements | ;- _ K, ) L . T,::G,Sr[lrjﬂ}'i
of Padé Approximation | ' 1+K.n, +K, 1, =05:05+8 = ‘- Kz,
for ¢ A =m K, +m K K O K + Ky K 4K |
+y(05+B,)*-1/3 ]

£05+B)" -
7, =02897

st | B=|mK, +K, (mK, +mK +

Gr(9) =Ky
1 1 =Ko G DTyt

+K o Kym )+ Ky KK, (m.+

+n.m K, +Kom K, Q+n k) ]| oo
= . y T, =(O.5+4)7

M+Kyn + Ky Kon, +K n,)

Gpy(9) =Ky D5+ 25+

. o K=
mK, <<1 T, =0.5[05+B, + st X5 +1) 1+K gn, +Kpn K, +K o,

ok
1 By =K, (K, +KonamK,)+ | VOB 173 I

7,=0.2897

"o

K gm (K ~nK )+ Kpn K, x
x|k nm K +m (K -n K ) T+
x| nm Ky +m (K ~nK,) 1+
M0+ K oy, + Ky Kon, +K yn,)

B =n K (m.K,K. +mK, +
T =5+ LK)
H+ K, + K K, + K on,)

K K,
. . Ky=Pa sefos ) Y T—
mK, <<l, Kn. =T Ko, +Kpm, T, =05705+5B; + T+ Kom, + Koy
1 Ay =mK K,

o587
£\05+B;) 13
. ! ]

0.2897

By={K, (m K, +KynmK,)+
+Kgm (K, ~nK)+

+05+B)?
7,-0289¢

nK (m K, +mK )/

+Kmy (K, —nK )}/ 5+ M(+Kyn, +Kpn K, +Kon,)
H+K g, +K,n,)
K=o Nr T2 = 0505+ B+ K= Kr /_:n,s{u.fm":
Ky <<l U1K, T K 0
1 Ay =myK K 1405+ B =173 ] 0548 13 ]
P ’ L =0.289
By =[KymK, (1K, +1)+ Ty =0.2897 0 0,2897
+Kymy (K, —nK)A+Kyn) | 1) =05+ 4)r by =n K K m, [(1+K n,)
1§ <<0.077 K= X 0505+ dotedeil e Kn Ta=0sos+n x
<O 1K tKon K+ Kymy | o577 -173 | Ty +1Ts +1) T+ K n, +Kun K +K n.

2034813 ]

2 | Gh@=Kog 15 =0.289 ) =K
b =m K, +mK K, o B =B, : N . 1,=0.2897
’ B -
Koy, + Ko,
K, 2 G 25+l | 55 ;
mK, <<l, Ay <<0,077 V=TTE ()= Ko o= . 2
) K. T+ Kgn, + s foseayr s ] Tis T3 +1) T+ K, + Ky K+ Ko —
Y oator wfosemy 13 ]
My=mK K.\ By=B, o A, 7, =0.2897
: v 2R 0.5+.4, >
R 3
otk oo Kr, 7, =0.57[0.5+ B, + o [ T :,,;{"_; B+
mK, <<y Ky =Tk - i . : ;
2 z 1+ K i, +K o, 05+ 8013 ] 1+ K, +K n, | -
7, 20,289 1 =0, B=B OS]
Ay =m KK, , B =B, 3 =0.289¢ A =00 H=0 7, 02897
JREEN £=0866
0577
K, T2 = 05005+ B, = 1‘::I\Sr[115¢ﬂ,vi

K, <1 K=y K=k
<< s 05+ 13 o
03 /3 o5 71
) 0.5+ B -1/3 | V05487 -1/3 |
1, =0.289¢

L=mK K., B =B =0, B, =B,
o0 P 4y =0, By =By 02897
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Tab. 1. Operator transmittances, coefficients of gain and time constants of generalized and
simplified MM of dynamic system of turning of shaftswith low rigidity in elastic-
defor mable condition (continued)

. (s +D(Ts +1)
Gpyls)y= 2T
Lis+D(Lys +1)

Ay =m K KK, B =B

T, =057[05+ B £

[ —
£YO5+8) 13 |

Tys +IXThs +1)

1 E 3 4 5 G 7
& o Kr, T35 =057[0.5+ .4, + o K, 75 =05705+ 4+

420078 0=T3K TN . i Tys + DTs 1 )| M TR _n ~Kynk, +Kn, s

5 h VK + Ko K+ K | 4 ooy -13 ] ) = L8 DO 1D 1+Kn =K, n K, +Kn, 0514 173

A =m K, B-B

1, =05705+ 8+

OS5+ -1/3

m K, <<1, A4,20078

Kr,

Ky=—————— 0
L+ K gn, + Ko, K, +K o,

7,. —0.57[0.5+ .1, +

;TR 42T+

K,

=K,
T+ 1T +1)

K, = s
O TR g~ Ky, K K,

Ti,- ﬂjr[ﬂj 8 =

Ay =m KK, . By=B.

7, —05ef05+8, L

+JO5+8,7 13 ]

——
3 £YO5+4)°-1/3 ]
T, =057[05+B, = . 05+ 8, Y17
Ay =m K Ky s By= B i ol 4 =0, B =5 03+ 8,7 =173 |
£YO5+8,)°-173 |
1, =0,2897
£ =0866
mK, <<, Kgnk, <1 | & SRR — Ts=0505+hx K- L;:U,Sr[(),SJrE;i
3 e B LKy + Kyt £ 05 +4) -1/3 ] L+ Kgn, + Ky,
N 7, =057[0.5+ 8, + . £(0.5+8, Y -1/3
Ay =m K K. o By=B, —_— 4, =0, Bi=B) o !
+(05+8)°-1/3 |
7, =0.289r
- 0866
- Ky 135 =057[05+.4, % LY T, -05705+8, =
K, =<1 Ky= - ——— Ky= -
3 9 1+ Kpyn, 405 A2 —1/3 ] 1+Ky.n,

A =0, B - B,

410548, -1i3 |
7, =0289r
5 - 0866

4 | Using the first element

Kr,

7,1, 1, -05c

Using the first element

Ty -7, 1,057

oo K Ky =
of Padé Approximation K VK +Kn K, +K,n, | To=10.5+4) of Padé Approximation | = "1+ K, + KK 4K n, T =7(0.5+.4)
iy sl A 2 i 4 ST, . y .
for ¢ - Ay =m K, +m KK, , B =5 I =705 +B) for &= A =m K, L=r05+5)
Gypals) =Ky 225 Tys+1

Tys+1 Gra(9) =K, 20
Tys+1
4 mK, <<l X X Iy=7, 1, =057 [P — L=t
bl 1, =7(05+4,) YT+ K g + K K +K o, 1,=1, =057
A=m KK, T, =7(05-5,) 4 =0, B=8, T =#(05+5y)

mR <<ty Kk <l | [ Ty =7, T, =057 P [ Ty=7
" LK, ~Kyn, 7, =7(0.5+4,) "Lk K g, + Ky, 7,=T, =057
4=m KK, , B=B; 7, =2(0.5+ By) PR 7, =705+ B)
£, <<1 ] Kr, Ty=t, 1, =057 P K, Ty=7
O 14K 7, =7(0.51 4,) " 14K 0, 7,=T,=05¢
t,=mK,K, , B, =B, I, =7(0.5+B,) Az' ~0, B,=7, T, =7(0,5+B))

3. CONCLUSION

As follows from the performed study, dynamic stuwes of MM of
technological systems for low-rigidity shafts wittontrol of their elastic-
deformable condition include, apart from inerti@gsents characteristic for
MM of feed-related control, also overload segmefise occurrence of the
overload segments in transmittances of Mi®l reduces the inertness of the
control objects with respect to channels of comfadditional force effects. For
example, with close values of time constants ofrinerator and denominator
in relations [12], as happens is numerous casespribperties of model of CO
approach those of the non-inertial segment withsingission coefficienk, .

It should be emphasized that the discussed matfeahdescription of the
CO was made with the exclusion of “small” time conssacharacterizing the
dynamic properties of the process of machining ahthe equivalent elastic
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system. Such an approach is justified asA@S or AC circuit includes, apart
from the object, also an automatic control deviod ather components with
“large” time constants, whose dynamic properties ldghly significant in the
solution of the problem of stability analysis anginthesis of corrective
segments.

Comparison ofMM of the object for various control effects permikte
statement that with the application of additionaické effects the object has a
notably lower inertness compared to the case ofrabfocused on the feed
channel. Thanks to this in thCS and AC of the elastic-deformable condition
of parts higher indexes of control quality can lbhiaved in the dynamics and
there is a possibility of effective counteractidrirderference caused by changes
in material allowance for machining and in the m&ss of machined semi-
finished products by varying their rigidity on tlemgth of machining.

The results of theoretical research of object'stitharacteristics by channel
of additional force reactions, confirm the aboveati@ned conclusion, that DS'’s
properties are, in approximation, equivalent topprtéonal link when TS’s
elastic-deformable condition is being controlledc!$s simplification is correct
only when “low” and “medium” frequencies (dynamiqadoperties of control
process and elastic system are not shown) randeeiig) considered. Time-
constants of elastic system and cutting proces<hwhiefine limits of the
“medium” frequencies range, are betw&sd03s and0,005s. Time-constants of
executive element, which are applied during cowrsing SAC by elastic-
deformable condition, usually increase the pointedue by an order of
magnitude. Hence, the range of important frequendse defined by the
executive element’s inertia and is localized mavethe left than range of
frequencies that are defined by dynamical charatits of considered object.

In case of interferences in the form of exponert@dines function, the
optimum controller for the model is the typical Pontroller, which
proportionality coefficient is defined by selectezlel of limitations on the
control reaction. The hardware realization of Ritcaller was presented.
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