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COMPUTATIONAL AND EXPERIMENTAL ANALYSIS OF
STABILITY AND OSCILLATIONS OF THE END TRIMMING
OPERATION BY THE PLUNGE METHOD

0. baooscvkuii, O. Opeisn. Po3paxyHoBo-eKCIIepUMEHTAIBHUI aHaTi3 cTiliKkocTi i KomBaHb onepamnii migpi3ku TopuiB MeToIOM
Bpi3anHs. Y po0OTi HAa OCHOBI 3iCTaBJICHHS PE3yJbTATIB CKCIEPUMEHTATPHHX 1 TEOPETHYHHX MOCII/HKEHb Orepaiil miapi3aHHs TOPLIB
BHKOHAHO OOIPYHTYBaHHS 3aCTOCYBaHHsI PO3PaxyHKOBOTO METOY, MiJTBEP/IKEHE CKCIIEPUMEHTAMH Ha MOJIEISIX, 110 MICTSTh HECTALIOHAPHI
enemeHTH. Take 3iCTaBIICHHS J03BOJSE YTOYHHTU PO3PaXyHKOBI METOJMKH Ta 00NAaCTh 3aCTOCYBAaHHS TCOPETUYHHX PE3YNbTATiB, sKa
O0OMEXY€EThCSl 3HAYCHHAMHU KOe(hilieHTIB 30yMKEHHS Ta aMIUNTYA KOJNHBaHb, IO HE MEPEBHUIIYIOThb, BiAMOBIAHO, CBOIX KPUTHYHUX i
JOIyCTHMHX 3HadeHb. OCKUIBKM MOJEN, 3aCTOCOBYBaHI B JOCII/UKCHHI, BiAIOBIZAIOTh peaJbHUM CHCTEMaM BEPCTATIB, Pe3yNbTaTH
NPOBECHUX EKCIICPUMEHTIB 3a0e3MeuyioTh Oe3mocepeati OLIHKM MMOKa3HHUKIB OUHAMIYHOI sKOCTi BepcratiB. [lapameTpu AuHAMIYHOT
CHCTEMM BepcTaTa BU3HA4EHI, y OULIBIIOCTI BMNAJKIB, AOCTIAHMM MUIIXOM, LI00 HE BHOCHTH JOJATKOBHX IMOXHOOK Yy pe3yNlbTaTH
po3paxyHkiB. [IpoIOBKEHO MOCIIDKEHHS omeparlii MmiApi3aHHs TOPIIB JeTali METOJOM OChOBOI mojadvi (Bpi3aHHs), 3a SIKOTO BHHHUKA€E
3MIHHICTh MMOJIOYKEHHS 30HU Pi3aHHs Ta HECTALIOHAPHICTh TEXHOIOTTYHOI CHCTEMH. EXCIIepMMEHTH BUKOHYBAIUCS HA CHCL[iaTbHOMY CTEH/I,
JKOPCTKICTh SIKOr0 BHMipIOBanacsi B IMPOKMX MEXax, a MapaMeTpd KOIMBAaHb — iHAYKTUBHMMH Ta iHAYKUifHMMH AaTd4ukaMH. BuueHo
BIUIMB KOJIMBaHb Ha I'PaHWYHY LIMPHHY IiAPi3aHOTO TOPLS, a TAaKOXK XapakTep KOJNWBAHB IIiJ 4ac MiJpi3aHHSA TOPILIB Pi3HUX AiaMeTpiB.
ExcrieprMeHTH TPOBOIIIMCS HA 3pa3Kkax 3i CTaii, ciporo 4aByHy, OpOH3H Ta aloMiHif0. BiOGpocCTiiiKkicTs mpoliecy pi3aHHs BH3HAYanacs 3a
BIJIHOIICHHSAM aMIUTITY[] KOJHBAaHb MiJ Yac Pi3aHHs OO aMIUNTY[A KOJHMBaHb IiJl 4aC XOJOCTOro0 XOay. BH3HAUCHO KPUTHYHI 3HAYCHHS
Koe(iieHTIB 30yDKEHHS U1 IPUCTOCYBAHH, @ TAKOXK ITapaMeTPH NPUCTOCYBaHHS, IO 3a0e3edyIoTh 34iHCHeHHICTh oneparii miapizanHs
TOPLIB NPH TOYiHHI Ta BUXOMKyBaHHI. OTpHMaHi pe3ynbTaT PO3BUBAIOTH TEOPIiF0 HECTALIOHAPHUX TEXHOJIOTIYHUX CUCTEM.

Kniouogi cnoea: mimpizaHHs TOPLIB, HECTAL[IOHAPHA TEXHOJOTIYHA CHCTEMa, JUHAMIYHA B3a€MOZis, BIOPOCTIHKICTh, KOPCTKICTH
IPUCTOCYBAHHSI, CTAIICTh MPOIIECY Pi3aHH, TapaMeTPHYHI KOJIMBAHHI, aMILTITyJa KOJIMBaHb, BiOpaii, IIIPOKOJIE30BHIl pizenb

O. Badovskyi, A. Orgiyan. Computational and experimental analysis of stability and oscillations of the end trimming operation
by the plunge method. In the work, a comparison of experimental and theoretical results for the end-trimming operation justifies the
application of the calculation method, as evidenced by experiments on models with non-stationary elements. Such a comparison allows you
to clarify the calculation methods and the scope of application of theoretical results, which is limited to excitation coefficients and oscillation
amplitudes that do not exceed, respectively, their critical and permissible values. Since the models used in the study correspond to real
machine systems, the experimental results provide direct assessments of machine dynamic quality indicators. The parameters of the dynamic
machine system are determined, in most cases, empirically to avoid introducing additional errors from the calculation. The study of the
operation of cutting the ends of the part by the method of axial feeding (tie-in), in which the position of the cutting zone is variable, and the
technological system is non-stationary, has been continued. The experiments were performed on a special stand whose rigidity was measured
over a wide range, and the oscillation parameters were measured using inductive and capacitive sensors. The influence of oscillations on the
maximum width of the trimmed end, as well as the nature of oscillations when trimming ends of different diameters, has been studied.
Experiments were carried out on samples made of steel, gray cast iron, bronze, and aluminum. The vibration resistance of the cutting process
was determined by the ratio of the amplitudes of oscillations during cutting to the amplitudes of oscillations at idle. The critical values of the
excitation coefficients for the device have been determined, as well as the parameters of the device, which ensure the feasibility of the
operation of cutting the ends during turning and grooming. The results obtained develop the theory of non-stationary technological systems..

Keywords: end trimming, non-stationary technological system, dynamic interaction, vibration resistance, rigidity of the device,
constancy of the cutting process, parametric oscillations, amplitude of oscillations, vibrations, wide-bladed cutte

Introduction

Face turning plays a key role in machining processes. Its extreme importance stems from the
need to create a reliable technological and measurement base for all subsequent stages of part pro-
cessing. A precisely machined face provides strict perpendicularity with respect to the axis of rotation,
ensures proper seating of the part in the fixtures without distortion, and directly affects the accuracy of
linear dimensions (step lengths, hole depths) and the quality of assembly of final mechanisms. From a
dynamic perspective, cutting the ends using the transverse-feed (plunge) method is a complex process.
As the cutter moves from the periphery to the center of the workpiece, the actual cutting speed de-
creases continuously, leading to variability in the cutting zone parameters and non-stationarity of the
technological system as a whole. This requires a thorough understanding of dynamic interactions to
ensure vibration resistance and high surface quality [1, 2].
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Analysis of recent research and publications

Considerable attention in modern technical literature is paid to predicting cutting forces, which
are decisive for assessing machine performance and designing tooling. Orthogonal cutting mechanics
remains the basic approach for calculating forces and torque [3]. To expand the versatility of calcula-
tions, a unified mathematical model of cutting mechanics was developed to cover milling, boring,
turning, and drilling [4]. Both linear and nonlinear mathematical models are used in end milling pro-
cesses, and their coefficient identification is carried out using optimization methods [5]. An important
aspect is the study of the influence of tool geometry, in particular the leading angle and the angle of
entry, on the components of the cutting force and the temperature in the contact zone [6]. For complex
structural materials such as unidirectional carbon fiber-reinforced plastic (UD-CFRP) or titanium al-
loys (Ti-6Al-4V), specific microscopic models are available, based on the deflection analysis of a rep-
resentative bulk element [7] and on analytical thermomechanical oblique-cutting models that account
for thermal hardening [8].

To control the quality of the machined surface and optimize cutting parameters, researchers are
increasingly using artificial intelligence methods. Artificial neural networks (ANNs) demonstrate high
accuracy in predicting cutting force components [9] and in estimating comprehensive hard-turning
roughness [10]. The use of ANN enables prediction of the roughness of steel parts during turning on
CNC machines, with an average error of less than 8% [11]. At the same time, it has been proven that
the genetic programming (GP) method can outperform traditional neural networks in modeling surface
quality during zigzag processing [12]. The integration of predictive algorithms, such as combining
ANNSs with genetic algorithms (GA) or using response surface methodology (RSM), can significantly
improve roughness indicators and reduce machine time [13, 14].

Addressing the challenges of vibration resistance and stability in dynamic systems is critical for
machining processes. The concept of a “virtual machine” integrates finite element, kinematic, and
multi-link dynamic models for complex digital simulation [15]. For early detection of vibrations (chat-
ter), multifunctional systems based on the wavelet packet transform and swarm-optimized particle op-
timization support vector methods (PSO-SVM) are effectively used [16]. In machining non-rigid, thin-
walled parts, deformations are successfully compensated using static substructure models and flexible
toolpath correction strategies [17], and tool wear recognition under transient signal conditions is im-
proved by parallel spatio-temporal feature extraction mechanisms [18].

For in-depth analysis of the physics of thermomechanical processes in the cutting zone, the finite
element method (FEM) is a widely recognized standard that enables simulation of the stress-strain state,
friction, and chip-forming processes, particularly at large negative tool sharpening angles [19, 20]. In
addition, modern research is increasingly focused on improving the energy efficiency of technological
processes. For example, the use of simulated annealing (SA) algorithms to optimize face-turning pa-
rameters with a variable material removal rate can reduce machine energy consumption by more than
14% [21].

The analysis of the cited literature sources shows that, despite significant progress in the applica-
tion of predictive models, artificial intelligence, and FEM methods, dynamic interactions in non-
stationary technological systems, particularly at cutting ends where the position of the cutting zone is
variable, require further study. Clarification of calculation methods through model experiments, de-
termination of critical values of excitation coefficients, and determination of oscillation amplitudes
remain urgent tasks to ensure the dynamic quality and reliability of modern technological systems.

The purpose and objectives of the research

The purpose of this study is to study the oscillations of non-stationary technological systems to
ensure the feasibility of the operation of cutting the ends of parts with wide-blade cutters by the plunge
method.

Objectives of the study:

—to reduce the level of forced and parametric oscillations when cutting free ends;

— to compare the maximum calculated and experimental values of the width of the cut end;

— to determine the critical values of the excitation coefficient of parametric resonances for adaptation.

Materials and methods of the research

Experimental studies of the stability and vibrations of the machine’s elastic system, conducted
near the cutting process, were carried out on a special stand (Fig. 1).

The wide-blade cutter 2 was fixed on the rotating boring rod /. The workpiece 3 was installed and
fixed to a movable plate 7, whose rigidity varied widely with offset. In the experiments, the oscillation
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parameters at idle and during cutting were measured using inductive sensors 4 and 5, mounted on plate
7.
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Fig. 1. Experimental stand: a — sample; b — broad-bladed cutter; ¢ — scheme of the experimental stand

When cutting steel, wide-blade cutters with inserts made of T30K4 (T30K4) alloy were used
(Fig. 1, b). Cutter geometry: a=9° , y=15°,A=0° . Cutting conditions: feed S = 0.02 mm/rev, cut-
ting depth #=0.02 mm, cutting speed v =100 m/min. When trimming the ends of a part made of 18-
grade gray cast iron, cutters made of VK3M (BK3M) alloy were used.

Cutter geometry: a=9°, y=5°, A=0°. Cutting modes: feed S=0.02 mm/rev, cutting depth
¢t =0.02 mm, cutting speed v =120 m/min. Sample material: steel 45, gray cast iron 18, bronze OTSS
(OLC) 6-6-3, aluminum 9. Undercut diameter from 30 to 70 mm. To determine the maximum width
of the undercut end, normalized box-type fixtures were used.

The stability of the cutting process was determined by the ratio of the oscillation amplitudes dur-
ing cutting and during idle operation. The limiting value of this ratio was taken to be the value corre-

sponding to the onset of a sharp increase in oscillation amplitude (a,, /a;; =1.5). Since the axial

cut
stiffness of the spindle head is significantly greater than the stiffness of the fixture, the characteristics
of the fixture’s elastic system were varied in the experiments.

The natural frequency f, of the fixture and the logarithmic decrement of oscillations § were determined
from oscillograms of damped oscillations from impacts near the cutter. Rigidity was determined along the ma-
chining axis. The plate overhang in the model experiment was varied in 30 mm increments. Wide-blade cutters
provided end face trimming widths b=1, 2, 3,4, 6,9, and 10 mm.

Fig. 2 shows the experimental parameters of the device’s elastic system for a plate thickness of #, = 35 mm.
The characteristics of the device’s elastic system were obtained by varying /, from 40 to 250 mm.

Based on the measured a,, /a,; 1.5 ratios, the plate offset limits /, were established for a plate

cut

with #, =35 mm . These values were compared with the calculated relationship between /, and b, ,
obtained from the stability condition. When constructing the calculated curve:

bdep =cy, /2K ,

where: c is the rigidity of the device; 7, is the safety factor; K= 1.1 GPa is the coefficient of specific
cutting work.

The values of ¢ and v, =y(®+®"' +%) were determined from experimental data, where @ is
the chip formation constant; y is the attenuation coefficient.
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For example, for /, =100 mm according to Fig. 2 we find ¢ =45 MN/m, f, =420 Hz, §=0.24
and calculate:
@=2nT,, =2-3.14-420-3-10"* =0.791,
x=0/m1=0.24/3.14=0.764,
Y, =0.0764-(1.26 +0.791+0.0764) =0.163..

From here we find:
b

iep =45-10°-0.163/2-1.1-10° =3.3-10 °’m=3.3 mm.
The analysis of the results shows that the dependence of the maximum width of the cut end on
the overhang of the model of the /, device (movable plate 7 (Fig. 1 and Fig. 3) demonstrates high ac-

curacy: the discrepancy between the results of the calculation and the experiment does not exceed
10%.

8 s /Ca
I{(IIZ 3)/ MN/m bdep, \\
0.2} 800 .\\/ 80 mm <
3
0.1} 400 /Bﬁ;:‘—wﬁ 40 5
\\\. 1
0+ o 0 b\
100 200 0
Ip, mm 100 200 /p, mm

Fig. 2. Characteristics of an elastic fixture system Fig. 3. Dependence of the Limiting Width of the End
Face on the Overhang of the Model of the Fixture
(Moving Plate) When Cutting a Specimen from Steel
45: Curve — Calculation; Points — Experiment

It should be noted that there is a significant increase in vibration levels at the end of nursing.

Approximately the same accuracy is achieved by the calculation method as by the experimental re-
sults for trimming the ends of cast iron samples 18. According to data from experiments performed using a
normalized device, the limit value for the width of the cut end of a steel 45 sample is 4 mm, with a design
value of 5 mm; for processing bronze with OTSS (OIIC) 6-6-3 and aluminum, not less than 10 mm.

Let’s consider some non-obvious features of the oscillations of a wide-blade cutter (shovel cutter) as-
sociated with the rotation of the cutting zone relative to the fixed end of the part. It should be noted that the
oscillation parameters change when varying the diameters, as well as the maximum width of the cut end. In

accordance with the accepted stability criterion (ratio a,, / a,; =1.5), by analyzing the oscillations of idle

cut
running, as well as when cutting ends with a diameter of up to 15 mm, we establish that they are excited at
the natural frequency of the elastic system £, , and their level is less than 0.2 mm (steel 45).

When trimming end faces with a diameter greater than 50 mm, vibrations are generated at a spindle
speed of f, ,, with the vibration levels reaching 0.3...0.4 um for faces up to 3 mm wide. However, when
trimming end faces greater than 50 mm and wider than 8...10 mm, variable-level vibrations are generated,
with significant uneven vibration traces at frequencies close to the elastic system’s natural frequency.

At the same spindle speeds, the decrease in linear speed along the length of the wide blade results
in variable cutting forces and surface roughness. The amplitudes of oscillations increase to 3...4 pm.

Oscillograms of oscillations of the technological system in various modes of operation, at idle
and during cutting, are presented in Fig. 4.

Is it possible for parametric resonances to occur under these conditions? If the natural frequency of the
elastic system is equal to f, >300 Hz on average, and the spindle rotation frequency is 20 Hz, then the ratio

ﬁ/f)‘ot =300/20=15

It is known that parametric resonances of such orders are not realized.
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It should also be noted that the maximum vibration
levels occur at the maximum distance of the cutter from
T the pinching (in the model of the fixture — in the hori-

1/f; zontal plane, in the real fixture — in the vertical plane)

a > Discussion of results
i_w%\.\w MM The features of the dynamic system under con-
il ' sideration preclude the use of a design scheme with
1frot periodically varying rigidity. The movements of the
scoring cutter relative to the malleable element of
the elastic system do not affect the parameters of the
i reduced oscillator, but only change the position of
the cutting zone relative to the reduction point. At
the same time, the elastic displacements of the re-
duction point of the elastic system parameters
Fig. 4. Oscillations of the technological system: a — caused by the cutting fo?ce’ as Well, as those caused
idle; b — reliably stable cutting; ¢ — cutting near the by the movements of this point of increment of the
stability boundary cutting force, change. Thus, variable projection co-
efficients appear in the dynamic system’s calcula-
tion scheme.

To account for the variability in the position of the cutting zone during cutter rotation, determine
the variable design coefficients, and calculate the forced oscillations of the system, a calculation
scheme has been developed (Fig. 5).

Let’s consider the calculation scheme of a rigid device with a
flexible end (Fig. 5), where ¢, is the linear stiffness of the end,

P y
Crot El
is its rotational stiffness, EI is the bending stiffness of the | —
L | | |
I

cross section of the device, z and is the increase in the arm of the g i
m

2aiq

2uo
el

e
I

]

2cut min

2cut max

C

rot

bending moment of force P during the rotation of the cutter.
In particular, the stiffnesses ¢, and ¢, can describe the re- Lot Z

— —

sistance of the fixture-table joint to rotation and tangential dis- 7 2

placements. For the fixture model, the stiffness parameters were Fie. 5. Caleulati n i

determined using three stiffness values ¢, taken from Fig. 2: ¢= 1g. 5. Calculation scheme of the
fixture model for analyzing the

45,27,and 16 MN/m at [, =100, 150, and 200 mm. The obtained  offoct of the rotatign of the cutting
parameter values were: ¢, =1.85MN/m; ¢, =743 MN/m; zone on the dynamics of the system

EI =0.0903 MN/m” .

In a cross-section passing through the center of the specimen, compliance is determined by the
expression:

k,, zl/clin +Z§/C

rot

+13 /3EI .

Knowing the stiffness parameters, it is possible to find the coefficients of influence when mixing
the cutting force from the middle of the specimen:

ky, =1/c,, + (1, +2) [, + Uy +2)/3EI;
Ve +1, (4 +2) /e + 17 (2L, +32)/6ET at 2> 0, (1)
Ve, +1, (1, +2) /ey, + (L, +2)* (21, —2)/6E at z <O.

The values of k,, and k;, change with the spindle speed, since z=0.5cosw¢ , where @ =2nf, .
When selecting a reduction point in the center of the cut end of the equation:

md*u/dt* + hdu/dt + cu = Pk,, [k, ,
T;ut dp/dt+P=}_)cc.cf —uk k22/k12 5 ’

cut

2

have solutions that describe forced oscillations excited by changes in the system parameters.
Due to the above-mentioned smallness of the rotation frequency compared to the natural frequen-

cy of the system, the amplitude of these oscillations 2u, can be determined in the static approximation
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Zua = I_)CC'Cf [k12max /(1 + kcuthZmax) - kl2min /(1 + kcuthZmin )]’ (3)

where: Pe. is the constant component of the cutting force normal to the surface being machined, £,

k, .in are the influence coefficients (1), calculated at z =40.5d .

The curve in Fig. 6 is based on the calculated values of the range of low-frequency oscillations
when trimming the end of a steel specimen with a diameter of 40 mm and the processing conditions
corresponding to the boundary of the stability region (see Fig. 4). These results correspond to the ex-
perimental data in terms of the values of the oscillation range and the nature of its decrease with an
increase in the departure of the adaptation.

The calculation of changes in the level of high-frequency oscillations is based on the solution of
the equations of forced oscillations of a closed dynamic system under external influences F(¢) on an
elastic system:

2max °

md*u/ dt* + hdu/dt + cu = Pk,k' + F(t),
T, dP/dt +P=P, ;—uk kzzkl_zl'

cut
It is known that the maximum value of the dimensionless amplitude «,, of forced oscillations

4)

should vary proportionally to (Ay)™', where Ay =v—2y. Moving on to the amplitude of the dimen-
sional coordinate U, we find the value of the ratio:

cut.max /acut.min = klZmax (YO - 2kcutk22min )/kIZmin (YO - 2kcutk22max )’ (5)

characterizing the changes in the amplitude of oscillations during the movement of the scoring cutter
relative to the device (Fig. 7). It can be seen that the experimental values are slightly higher than the
calculated ones. Perhaps this is because the oscillations are caused not only by external influences on
the elastic system but also by parametric perturbations.

Devices used in finishing and boring machines for basing parts on which ends are cut are often
box-shaped structures reinforced with stiffeners (Fig. 8).

a

o)
!
————-
Elo
I
= : I
53
e < / g A
5 b=4mm 5 £, .,. a/ | T
3 - ‘\r\kl mm S . 90t E g l\‘__- ]
100 150 200 50 100 150 200 ’> Y
lp, mm lp, mm |
Fig. 6. Low-frequency oscillations Fig. 7. Dependence of changes in ~ Fig. 8. Normalized attachment to
near the boundary stability: curve — the amplitude of high-frequency the finishing and boring machine
calculation; dots — Experiment oscillations on the departure of
the device

When calculating the relative displacements of the scoring cutter and the workpiece, it is possible
to neglect the self-compliance of the fixtures and take into account only the contact displacements at
the junction of the fixture with the table.

In this case, in the expressions (1) of the influence coefficients, only one term containing c,, re-
mains, and the relations k,,/k,, =k,, /k,, =1+2ecoswt included in the equations of motion (2), where

2¢=(d +b)/2H (designations in Fig. 8), are simplified.

After moving to dimensionless parameters and variables V' = cu/ Pecer , W= P/ Peccr , T=0t we
present equation (2) in the form:
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d*V/]de +ydV/dt+V =W (1+ 2&cosv),
0(dP)/dt+W =1—yV (1+2&cosv1),
and find the amplitude of the first harmonic of the dimensionless variable 7 :
A={1+7y)* +0V /[ +y=v? =0V + Vv ( +0—0v?)* 1 x 2e/(1+7). (7)

The frequency of free vibrations £, of the devices, according to machine test data, is 100...180
Hz, therefore, the use of the obtained formula for calculating the amplitudes of low-frequency vibra-
tions makes sense at a rotation speed exceeding 3000 rpm, which corresponds to economical cutting
speeds for modern tool materials with an end diameter of about 50 mm.

At a lower rotation speed, we can put v=0in (7) and find 4=2g/(1+7), and for the dimension-

al variable U , its amplitude U, = PeceH (d +b)/2(c,, +k H?).

We obtain the condition for excitation of the main parametric resonance by denoting the frequen-
cy of change of parameters as 2v , for the equations:

d*V[/d7* +ydV]dt+V =W (1+2ecos2vt), 0dP/dt+W =—yV (1+2&cos2vr), (8)

as a condition of non-triviality of periodic frequency solution v :

) (6)

rot

1-v* YAy -1-¢ 0
A% 1-v* 0 —l+g|
y(+g) 0 1 ov |
0 vy(l-¢) -Ov 1
Applying Laplace’s theorem, we open the determinant and get the equation:
v2et = 2y(y — Oy v’ +Vv: =)’ +[Ay + (1+ AV’ T + 0°V (AV?)* =0, (10)

describing the dependence of the excitation coefficient on frequency at the boundary of the first region
of parametric instability. The free term on the left-hand side of this equation vanishes at the boundary

of the stability region, along with Ay and Av’. Therefore, the solution near the stability boundary can

0. )

be represented as:
e={[(Ay + AV? +0yAV?)’ + 07V (AV?)*1/2y(y — Oy v? +v: —1)}2. (11)

The critical values of the excitation coefficient are found by numerical calculation of the mini-
mum solutions of equation (10). According to the experimental data, for devices used in finishing and
boring machines, the energy dissipation is characterized by the value y =0.03...0.05.

Taking the average value x =0.04, we construct graphs of the dependence of the critical value

g, on the system’s stability margin characteristic Ay/y, for several values of @ corresponding to
possible changes in the natural frequency and cutting speed (Fig. 9). It is evident that the dependence
&, (Ay) is close to proportional (dashed lines).

Analysis of the parameters of normalized devices used in

trimming ends with wide-blade cutters on finishing and boring . ”
machines allows us to offer simple evaluation criteria for the fea- & 9:>1/
sibility of this operation, based on the above experimental data and 4
calculations. 0.15 /

The fixture stiffness measured in the feed direction 6=04

:()>/
(50...150 MN/m) is 3 to 4 times lower than the axial stiffness of (1 l

the spindle units used for facing operations (300...500 MN/m), / //
P

while the natural frequency of the fixtures is approximately half as

q”> "
\ &

high: 100...180 Hz compared to 300...400 Hz. The vibration dec- 0.05 S/ /‘//

rement of spindle units is approximately the same as that of the S A =

fixtures 6=0.1...0.15. Given this ratio of subsystem parameters, Oéé _

the relative displacements between the workpiece and the tool are 0.1 02 0.3 Ay
mainly determined by the displacements of the “workpiece—- Fig. 9. Critical values of the

fixture” subsystem. This allows the use of a dynamic model for a  excitation coefficient for fixtures
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single-degree-of-freedom elastic system and limits constraints to the fixture parameters only.
Therefore, the “part-device” subsystem exhibits potentially unstable oscillations. This makes it
possible to consider the oscillations of one technological subsystem, “part-device”, in the design
schemes, providing both axial stiffness and contact stiffness of the device-table joint.
From the stability condition of the closed dynamic system machine-fixture-tool-part (1+¢g)y <y,
(where ¢ is the overlap coefficient taking into account vibration traces), considering the natural fre-

quency and decrement of the system vibrations to be constant, we obtain the dependence of the maxi-
mum width of the end face on the rigidity of the elastic system for a given material of the part and the
processing mode.

When varying the cutting speed, the minimum limiting end face width is reached when 0+60~' =2,
At the value of y, corresponding to this minimum, only the rigidity of the fixture can be limited.

In conclusion, here are the recommendations
tested in the design of fixtures: 10 of /

— the rigidity of the fixture should be determined /
in the feed direction for the point of the end to be ma- /|
chined that is farthest from the plane of the table; /

— the minimum permissible values of stiffness
when machining the ends of parts made of cast iron
16 and steel 45, depending on the width of the free
end, should be determined according to the graphs | /1 A
(Fig. 10); o

— if the pruning operation includes nursing, the |
minimum permissible stiffness should be increased 50 100 150
by 2 times; C, MN/m

—when designing finishing and boring ma-  pjg 10, Limit values of cut width for normalized
chines, on which the operation of trimming the end devices: / — EN-GJL-150 (EN); 2 — steel C45
with a wide-blade cutter is performed, it is necessary  (EN), points — experiment, curve — calculation
to use devices with normalized bodies of increased
rigidity.

Conclusions

Comparison of theoretical calculations of the maximum width of the cut end with experimental
results on models with non-stationary elements showed high accuracy — the discrepancy did not ex-
ceed 10%. In the course of the research, it was found that the nature of the resulting oscillations de-
pends directly on the treatment diameter. In particular, at small diameters, high-frequency oscillations
close to the natural frequency of the system develop, while when machining ends with a diameter of
40 mm or more, both variable high-frequency oscillations occur (with a maximum at the greatest dis-
tance from the embedding) and low-frequency oscillations, the frequency of which coincides with the
spindle speed. It has also been shown that the mutual motion of the part and the tool is determined
mainly by the “part-device” subsystem, whose rigidity is 3...4 times lower than that of the spindle
unit. This fact made it possible to successfully apply the design scheme to a one-dimensional elastic
system with variable coefficients, thereby abandoning less accurate schemes that assume periodically
varying rigidity. The calculated critical values of the excitation coefficient for the fixture, which de-
termine the possibility of developing parametric resonance during face trimming, are close to the pro-
portional dependence on the variability of the parameters of the elastic system and the cutting process.
Based on the data obtained, evaluation criteria and constraints for the design of machine tools were
formulated: the graphical dependencies of the minimum permissible stiffness on the end width for cast
iron and steel were determined, and a strict rule for doubling the required stiffness for nursing opera-
tions was established.
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