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Abstract

The practice of using units with milling-type operating devices showed their insufficient reliability, which
leads to deterioration of the units’ performance. The reasons for this are high dynamic loads in structural
members, which are caused by external resistance forces on a milling cutter. They have random, sharply variable
nature due to structural heterogeneity of a peat deposit, its random physical and mechanical properties, the
presence of wood inclusions in it, as well as periodic interaction of blades with the deposit, and many other
factors. In this case, the parameters of actual milling cutter, due to manufacturing and installation errors,
differ from those specified in the “ideal” design. In addition, wear and irreversible deformations of cutting
elements (blades) occur during operation. As a result the position of blades in a cutter body differs from the
“ideal” positioning pattern. The purpose of the paper is to develop a model of section moment on a milling
cutter when interacting with a peat deposit in the process of technological operations, taking into account the
influence of the error of blade positioning on a cutter body. Expressions for calculating the moment spectral
density were obtained. Its characteristic features were analyzed. Errors in positioning of cutting elements on
a cutter body lead to changes in the magnitude and nature of the load and its frequency content. In this case,
new, additional components appear at frequencies multiple of the cutter’s angular velocity, enriching the load
spectrum and increasing its variance. Their magnitude is determined by the cumulative value of the errors. As
an example, an analysis of the influence of the error in positioning cutting elements on the spectral density
for the operating device of MTP-42 deep milling machine is given. The study results are of practical value and
should be taken into account in the calculation of dynamic loads in designing structural members of milling
units, especially if their operating devices have a large number of blades, use fine feeds, and when the natural
frequencies of the structural members are equal to or multiple of the angular speed of a milling cutter.
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FOPHbIE MALUMUHDbI, TPAHCINOPT U MALLMHOCTPOEHUE

Hay4Hasa cTaTbs

MopgenupoBaHue Harpy3oK Ha pabouem opraHe TopgsHoro ¢)pesepyioLLero arperara
C yYeTOM MOrpeLlHOCTU PaCCTaHOBKU PEXXYLLLUX 3JIEMEHTOB
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AHHOTauunA

[TpakTMKa MCIOIb30BAHNST MAIIMH C UCIIOTHUTEIbHBIMIM OpraHaMy (pe3epHOro THUIIa ITOKa3bIBaeT UX HeIo-
CTAaTOUHYIO HaIEXKHOCTb, YTO IIPUBOAUT K YXYALUIEHNUIO TeXHUKO-9KOHOMMUUECKMX XapaKTepUCTUK arperaTos.
[TpUYMHOI 3TOTO SIBJISTIOTCSI BHICOKME TMHAMMYECKIME HATPY3KM B 3JIeMEHTaX KOHCTPYKIVM, KOTOpbIe BO3HU-
KaloT B pe3y/bTaTe AeiCTBUSI CWJI BHEIIHETO COMPOTHBIeHMs Ha dpese. OHM UMEIOT CTyUaifHbIl, pe3Ko Ie-
PEeMeHHBIIi XapaKTep, KOTOPBIi BbI3BAH CTPYKTYPHOI HEOMHOPOIHOCThIO TOPQSIHOM 3aI€KM, ee CAyJaliHbIMU
(busMKo-MexaHMUeCKMMM CBOCTBAMM, HAJIMUMEM B Hell IpeBECHBIX BKIIOUEHMI, a TAKKe TePUOANIECKIM
B3aMMOJIEIICTBMEM HOXEN C 3aJIeXKbl0 ¥ MHOTMMU Ipyrumu (akropamu. [Ipu 5TOM mapamMeTpbl peanbHOI
KOHCTPYKIIMY (Ppe3bl BBUIY ITOTPENTHOCTEN M3TOTOBIEHMS M COOPKM OTIMYAIOTCS OT 3aJaHHBIX ITPU ITPOEKTH-
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poBaHun. Kpome Toro, B Ipoliecce SKCIUTyaTalluy IMPOVICXOIST M3HOC U Heo6paTumble gedopMainm PEKyInX
3JIEMEHTOB. DTO MIPUBOAUT K TOMY, UTO HOKXY PACIIOJIOKEHBI C HEKOTOPBIM HEOOJBIINM CIBUTOM Ha KOPITyCe
(pe3bl OTHOCUTENBHO «M[ealbHOI» CXeMbl pa3Melnenus. Lleb cTaTby 3aKi0vaeTcsl B pa3paboTke MOJen
MOMEHTa COTIPOTUBJIEHMS Ha (ppe3e TIpu B3aMMOJECTBUYM C TOPGDSIHOI 3a/IeKbI0 B IMPOIECCe BbITIOTHEHUS
TeXHOJIOTMYEeCKO oTiepari, yauThlBaloleli BAUSHIME TOTPeITHOCTY PACCTAHOBKY HOKelt Ha KopItyce dhpe3sl.
[MToryyeHbI BeIpaXkeHMsI IJ1S1 pacueTa CIIeKTpaabHONM IVIOTHOCTM MOMeHTa. [IpoaHam3mMpoBaHbl €ro Xxapakrep-
Hble 0co6eHHOCTH. OMMOKM pa3MeleHusT PeXYIMX IeMeHTOB Ha Kopiyce Gppe3bl MPUBOISIT K M3MEHEHNIO
BeJIMUMHBI ¥ XapaKTepa HarpysKy, ee 4aCTOTHOI'O COCTaBa. IIpy 5TOM MOSB/ISAIOTCS HOBbIE, TOIIOJIHUTEIbHbIe
COCTABJISIIOIIVE HA YaCTOTaxX, KPATHBIX YIIOBOI CKOPOCTH (Ppe3bl, 0b6oramiast CrieKTp Harpy3Ku, yBeJIMUMBasi ee
gucrepcuio. VX BelMnuMHa OnpeenseTcsi CyMMapHbIM 3HAUeHVeM OlMO0K. B KauecTBe mpumepa JaH aHaIu3
BJIMSIHUSI TIOTPEIIHOCTM PACIIONOKEHUST PEeXYIIUX 37IEMEHTOB Ha CIEKTPaabHYIO IJIOTHOCTb [JIS UCIIOMHU-
TeJIbHOTO OpraHa MalIiHbI ITyO0KOro (ppesepoBanys Tuna MTII-42. Pe3yabTaThl MCCI€NOBaHMS MMEIOT ITpaK-
TUUECKYIO IIeHHOCTb U JO/IKHBI YUUTHIBATHCS IPU pacueTe AMHAMUUECKMX HATPY30K B 37ieMeHTax KOHCTPYK-
1y Gpe3epyrolmx arperaToB Ipy UX IMIPOEKTUPOBAHMM, OCOOEHHO eI paboure OpraHbl MMEIOT O0JIbIIoe
KOJIMYECTBO Pe3I0B, UCIOIb3YIOT Majible MTOJAUM M KOTa COOCTBEHHBIE YaCTOThI 3/IEMEHTOB KOHCTPYKLIVM
arperaTa paBHbBI WIK KPAaTHBI YIJIOBOI CKOPOCTU (ppe3bl.

KnioueBble cnoea
TopdsiHON (pesepyrommmii arperat, ¢ppesa, OmMOKM PaCCTAHOBKYM HOXEJi, BEPOSITHOCTHASI MOZeJIb HaTrPy3Ku,
MOMEHT COIIPOTUBJIEHMS, CIIEKTpa/JIbHAaA IIJIOTHOCTb
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Introduction

The use of milling units in peat industry allows
increasing productivity and improving the quality of
process operations and provides the possibility of their
integrated mechanization [1-3].

The practice of using machines with milling type
executive bodies showed their insufficient reliability
[4, 5]. The reasons for this are high dynamic loads in
the structural elements, which result from the action
of external resistance forces on a milling cutter [5].
They have random, sharply variable nature [5] due to
structural heterogeneity of a peat deposit [6, 7], its ran-
dom physical and mechanical properties, the presence
of wood inclusions in it [5-7], as well as periodic in-
teraction of blades with the deposit, and many other
factors [5].

At present, to calculate loads on operating de-
vices, simulation modelling methods using computer
technology are used (N.M. Karavaeva, O.A. Golovnina,
V.F. Sinitsyn, F.A. Shestachenko) [5]. They are univer-
sal, but time-consuming in solving these problems.

The application of experimental methods by
means of strain-measuring facilities [8] makes it pos-
sible to obtain information about forces and moments
and their probabilistic characteristics. However, they
are labor-intensive, expensive, and provide informa-
tion about the load only for a given milling unit in spe-
cific operating conditions.

In [5, 9], analytical methods of investigating
loading moments on milling-type operating devices
were developed. Models of force factors in their in-
teraction with a peat deposit were proposed. Expres-
sions for calculating spectral densities were deve-
loped. They take into account the design of a milling

cutter, the unit operating modes and the physical and
mechanical properties of peat. In [10], approaches for
determining mutual spectral moment densities for
milling units with several operating devices are con-
sidered.

In this case, all the dependences were obtained
for an “ideal” operating device, when cutting elements
(blades) are positioned in the specified points on the
milling body in line with design documentation.

It should be taken into account that the parame-
ters of an actual operating device differ from the de-
sign ones due to assembly and manufacturing errors
[11, 12]. As a result the position of blades in a cut-
ter body differs from the “ideal” positioning pattern.
In addition, wear and irreversible deformations, and
even destruction of the cutting elements occur during
operation. In this regard, cutting angles, the shape of
cutters, their height, the position of cutting edges,
and the kinematic characteristics of cutting change
[11-13]. This all, in fact, changes both the arrange-
ment of cutting elements (blades) and the conditions
of blades interaction with a peat deposit. This cau-
ses changes in the magnitudes, nature and frequency
properties of the force factors on an operating device
and affects the formation of loads in the unit struc-
tural members.

Research objectives
The purpose of the paper is to develop models of
the formation of loads on an operating device when
milling a peat deposit taking into account the influence
of errors in blade arrangement on a cutter body and
expressions for calculating the moment spectral
density.
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Research materials,
models and methods

The random nature of the section moment ari-
sing on an operating device in the process of opera-
tion requires the use of approaches of statistical dy-
namics of mechanical systems [14-16] for analyzing
loading of a milling unit and calculating its reliability
indicators [16, 17].

The experience of their use in solving similar
problems in mining industry [18-20] allows consi-
dering one-dimensional and two-dimensional chara-
cteristics of loads only when using both analytical
and numerical methods [21, 22].

As a rule, probabilistic characteristics of forces
and moments, such as mathematical expectation, dis-
persion and spectral density, are considered [20, 22].

Let us consider a milling cutter with working
width B, radius R, rmilling depth H,, horizontal
rotation axis with M cutting planes and K blades
in plane.

Position of blades on a milling cutter body is
determined by the angles between the reference
point and blades in the m-th cutting plane ¢,, (an
“ideal” operating device) and the angles between
neighboring blades in a plane ¢, (in case of uniform
arrangement). We will take into account that each
cutting element (blade) can be shifted by the value
of the error determined by the angle §,, relative to
the “ideal” arrangement of blades (Fig. 1). When
a blade is shifted in the direction of blade movement,
the magnitude of error has “plus” sign, while in the
opposite direction, “minus” sign.
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Fig. 1. Error in blades positioning by angle
in m-th cutting plane

elSSN 2500-0632

https://mst.misis.ru/

Fomin K. V. Simulation of loads on operating device of peat-cutting unit...

If a unit depth of milling, operation modes and
physical and mechanical characteristics of a peat de-
posit change rather smoothly during several revolu-
tions of an operating device, so that within one revo-
lution they can be considered to be constant [5, 9],
the section moment is described by the following
expression:

M@®) =SS M, (t-t,-nT,;P,), (1)

m=1 n=—co

where M,,(t; P,,,) — is moment on blades of the m-th
cutting plane during one revolution of the operating
device; t,, — is time interval between the reference point
and the load in the m-th cutting plane t,, = ¢,, / ®q;
T, — is duration of one revolution Ty, = 21 / ©, Where
e — is angular velocity of the milling cutter; P,,, — is
random parameters of pulses at the n-th revolution
of the operating device in the m-th cutting plane.

Expression (1) can be used to describe the section
moment both for an “ideal” operating device and an
actual one (taking into account errors of blade posi-
tioning on the cutter body). The values of M, (t; P,..)
will be different in this case.

The amplitude value of the section moment is
proportional to the feed [2], the value of which for the
“ideal operating device” is ¢ = W/ o4, and taking into
account the blade arrangement error:
+AS,,

)

¢ =Wl
[

W,

where W - is speed of advance of a milling unit; @sz, —
is angle between the blades in the cutting plane (more
precisely between the cutting edges), taking into ac-
count the error of their positioning on the milling cut-
ter body (Fig. 1); A8, = 8, — Oy, -1 — is the difference
between the errors for the adjacent blades in the m-th
plane (if k=1, then k- 1 corresponds to K).

Correspondingly, for the moment in the m-th cut-
ting plane within one revolution, taking into account
the errors of the blades arrangement, the expression
takes the following form:

K
M, ;P)= Y 9 Ayt 1T iP T

k=1 (PT
where M(t; P) — is the change of section moment on
a blade within the angle of contact with a deposit; T =
¢r/ 0y — is the period of repetition of the interaction
of blades in the cutting plane with a deposit; 7, = 8, /
gy — is pulse time delay caused by the error of the k-th
blade position in the m-th cutting plane.

Moment (1) is a random function. Its spectral den-
sity depends on a milling cutter design, the unit opera-
tion modes, the milling depth, which is determined by
the terrain and the type of the cutter suspension, the
oscillations caused by cutting forces and their imbal-
ance, physical and mechanical properties of the peat
deposit and their probabilistic characteristics [5, 9].
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The spectral density of the process (1) can be de-
termined from the following relation [23, 24]:
S(w)=1lim

where N - is number of pulses; T is repetition period;
m{} - is averaging sign; Z®(jo) - spectrum of the
k-th implementation of the process (we omit index k
hereafter); m is mean value of the process; §(w) — is
delta-function (Dirac function) [24].

Squared absolute value of the section moment
spectrum (1) containing (2N + 1) pulses is:

1z, (ju))|2 =

.3
=
H
Z
F
2

Ot +Ad k(pT+A6

o 3)
X exp{—imﬂ(cpm - %)} exp{—i mﬂ(k - S)%}X

D ]

X exp{—jg(Smk —8,5)}exp{—j£2n(n - i)},
O‘)d) O)CD
where the asterisk denotes complex conjugate value;
Sy(; wg; P) — is spectrum M (t; P):
0 /00
S,(jo;0,;P) = f M, (t; P)exp(—jot)dt,
0

where ¢, — is the angle of blade contact with peat
deposit.

Substituting (3) into (2), considering stationa-
rity of the unit operating conditions (the probabilis-
tic characteristics of parameters depend on the mu-
tual arrangement of pulses only p = n — i), using the
approaches presented in [5, 9], we obtained an ex-
pression for single-sided spectral density of section
moment taking into account the errors of cutting
element positioning on a cutter body at fixed angular
speed og:

o'F
S(o; w@)=%{22{% D ZA (@; 0g)—

q=1

2 M
__z TE@ 0) | ) 3 A, (0; 0,)FH0; 0,)+
ql aP n qm:l
Dqu

Xzzexpl l—(tpm (P,)}Am,(w; %)034,25(0)4%)}

& | I°F(0; 0,)
{F(m m Hz%{—apj

m=1 [=1

where the following notations are introduced:

F(0; 04) =[S,(0; ©4;P,,,..-P,

@27 Imn* Qmn )

b
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FZ((’O’ 0‘)@) = SO(O‘)’ w(D’len Qmn )S ((‘0 O‘)tb’ 1 Oh)’

K K
A (@ 0,)= zz(p +A6mk (pT+A6
k=1 s=1
xexp{ -0 s)}e { J—(k S)(PT},
K K
A (05 0,)= z @, +AS,, (pT+A6
k=1 s=1 Or Or

xXexp |:_]_(6mk _815 )j| eXp|:_j_(k - 5)(pTi|;

('0(1) O)CD
Q,, Q, — number of parameters for F,(w; oy; P) and
Fy(0; og; P), respectively; D, - is parameters disper-
sions; ¥(w; wy) — is correlational relationship func-
tion, taking into account correlations between uni-
form and different parameters of load pulses, varying
both in the direction of unit motion and in a direction
transverse to it:

(o w¢)=2{

a<g

0’F (0; 0,)
dP, 0P,

ZquAm(co W, )+

ml

qumlAml(m; ®,)+

.M
XP[—J(D—(% -0,

I’F(0; 0,) | &L =
+22|:3P oP ] ZzAml(m; w¢)p2:14qumlpx

<& qmn~" glin—p m=1 1=1

SRl
xexp| —j—(¢, —¢,) [cos| —2mp |,

(DCD (Dq)
where m, — are mathematical expectations of the pulse
parameters: K., K1, Ky, — correlation and cross-
correlation moments of the parameters.

In the case of the parameters stationarity and
smoothness of changes, the correlation and cross-cor-
relation moments K, and K,,,, are determined by cor-
relation functions of peat characteristics and working
conditions (peat strength, density, and milling depth)

in the moments of interaction of blades with the peat:
quml = Kquy [(m - l)h];

qumlp = Kquxy [Cp;(m - I)h]’

where Kp(y) — are correlation and cross-correlation
functions of changes in the characteristics of peat de-
posit in a direction transverse to the unit movement;
Kpgsiy(X, y) — are correlation functions of random pa-
rameters, taking into account spatial variability of
characteristics (both in the direction of movement and
in a direction transverse to it); x and y are point coor-
dinates for the corresponding parameters; m, [ - num-
bers of the corresponding cutting planes; h — distance
between cutting planes.

Thus, for a milling cutter that has errors in the
blade arrangement on the cutter body, new compo-
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nents of the section moment that are multiples of the
angular velocity of the cutter rotation arise. While,
for the “ideal” operating device, there are loads in the
spectrum that are multiples of the recurrence period of
the cutting elements interaction with peat deposit [9].

The findings of experimental study [5] confirm
such qualitative description of the influence of the er-
ror in blades positioning on the cutter body on the fre-
quency composition of resistance forces.

In the process of operation, as a result of the action
of a random section moment on the operating device, a
random change in the cutter’s angular velocity occurs.
Taking this factor into account, spectral density can be
described as follows:

Sy(w)= ]i S(w; 0, )W(w,)do,,

where W(wgy) — is o4 distribution density.
Given that [23, 24]:

T f(x)d(cx —x,)dx = lf % ,
) 4
for S,,(w) we get:

4
SM(O)):T—X

D

Q M Q M
X |:%z Z qum((l))Dq - z Z Gqu((’O)Dq + G3 (0)7 (O ) +

q=1 m=1 q=1 m=1

1205 4)
+Z[F(r m,)+= 2{%} Dqu

(2]

We introduced the following notations in expres-
sion (4):

<33 exp[-ir(0, ~0)]Au 1S -

m=1 I=1

T, —— 21 ;

J o,W(w,)do,

2| 0*F (w;
qum((’)) = j|: 1(601‘;’2 (0<1>)

oo q

2| 9°F(w; )
G (@)= J{T
q

—co

] A (0; 0y )W (00, )do,;

1 A, (0; 0y )W (00, )do,;

G (0)= ]i Y(®; 0, WV (0g,)d0,,.

With no errors in positioning cutting elements, i.e.
for an “ideal” operating device, taking into account the
random change of the cutter angular velocity, we ob-
tain the dependence for the moment spectral density,
which is presented in [5, 9].

Expressions (4) give the possibility, at the stage
of designing, to assess the influence of errors of cut-
ting elements positioning on the cutter body on the
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moment spectral density. It presents the input data
for analysis of dynamic loads in structural members
of a milling unit [5, 14], calculation of reliability in-
dicators [16, 17], and selection of optimal operating
parameters and modes.

Analysis of research findings

As an example, let us consider the effect of blade
positioning errors on the characteristics of the mo-
ment on executive body of a MTP-42 deep milling
machine [2]. It is trailed to a T-130B tractor, includes
a milling cutter, a drive system, a frame with an im-
pact plate, rear and front rollers [2].

Taking into account that the deep milling ma-
chine has an impact plate, which rests on a peat
deposit surface [2] and provides a constant milling
depth, as well as considering the correlation relations
for homogeneous pulse parameters only, we can ob-
tain for spectral density from (4):

SM (w)= i{%i qum (0)+ Gs((m ®,)+

T(I)
+m,

M M . 0) 0

x2, >.exp[-jr(g,, —@;)]Am,(f)r—zW(7H’
m=1 I=1
where:
1gm
Gy(@) = [ W(0; 0,)W(0,)do,,

where m,, D,(0,) — are mathematical expectation and
variance of the pulse amplitudes [9]:

C m, Ry |
mA = Rd)bc[ T 60T4 +mY 2. 103 )
C

2 4 p4
D o, R
D, (©y)= e [Dr &) +W}

where b - is the width of blade interacting with peat;
Cr - is coefficient depending on the type of operating
device [2]; 5 - is average thickness of a chip [2]; m,, m,,
D,, D, - are mathematical expectations and variances
of the yield point t and density y of peat; mo, — is
mathematical expectation of the cutter angular speed;

Y(o; 0,)= q>)|2><

XY Y ex {1_(% )}KWZAM((D; 0,)+

m=1 <D

=1
#

=

M
zAml (0); wm)qugmln X

11=1 p=1

. ® o
X exp {—]—((pm - (p,)}cos [—anJ,
o, o

o]

M=

+2|Se (jo; ©,) |2

3
1
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where Ky, (o), Kymip(©0g) —
the pulse amplitudes,

(0,)=Rib*c* x

Aml

DK, [(m- I)h][ “j +D,K, [(m-Dh]> R4],

X

4-10°

Ky (04) = R2b*c* x

_ ) )
| oot 5 o Fon- i

where K [(m-Dh], K, [(m-Dh] — are normalized cor-
relation functions of variation of the yield point <
and density y of peat in a direction transverse to the
milling unit movement; K [(m - I); p], K,[(m - D); p] -
are normalized correlation functions of the spatial
variation (both in the movement direction and in the
direction transverse to the movement) of the yield
point t and density y of peat; S,(jo; ®s) — iS spectrum
of a function describing section moment of unit am-
plitude on a blade.
The squared absolute value S,(jo; ®) is [9]:

1S, (jo; o,)[ =
=%{ |U(w—w¢; 0,) |2 +|U((o+coq,; ooq,)|2 -

—W(0-0,; 0,)XU(0+0,; ©,)c0s@, |,

where:
0o,

. 2 .
U(jo; o, )=—sin
(Jjo; o) LS

o]

Share of blades

-2 -1 0 1 2
Error in angle positioning, degrees

Fig. 2. Distribution of errors of blade positioning
on the operating device (X axis — Error in angle positioning;
Y axis — Share of blades)

are correlation moments of

elSSN 2500-0632

https://mst.misis.ru/

Fomin K. V. Simulation of loads on operating device of peat-cutting unit...

The density of the cutter angular velocity distri-
bution can be calculated using the approaches pre-
sented in [5].

MTP-42 has the following design parameters and
modes of operation. The cutter diameter is 0.8 m. Its
width is 1.7 m. Total number of cutting planes is 29, in
each of which four blades are positioned. Dish-shaped
blades are mounted on the operating device surface in
blade holders [2]. Diameter of a cutting element (blade)
is equal to 0.078 m.

The calculation was performed at average milling
depth of 0.4 m, yield point of 26 kPa [2], peat den-
sity of 890 kg/m® [2] (their coefficients of variation
were accepted at 10%), milling cutter angular speed
of 32.5 s~' having normal distribution density with co-
efficient of variation of 3%. The unit speed of advance
is 0.089 m/s.

The distribution of blade positioning errors rela-
tive to the “ideal” positions on the cutter body is shown
in Fig. 2.

Fig. 3 shows the moment spectral density with-
out taking into account the blade positioning error
(“ideal” operating device), calculated using the ex-
pressions obtained in [5, 9]. Fig. 4 presents the mo-
ment spectral density taking into account the blade
positioning errors.

In Fig. 4, the frequency zones (A and B) lying
between the peaks multiples of blades interaction
frequencies in the cutting plane are highlighted and
presented in separate graphs to show these areas in
more detail.
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Fig. 3. Moment spectral density
for “ideal” operating device

166



MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJ1I0N'MA
2022;7(2):161-169

elSSN 2500-0632

https://mst.misis.ru/

Fomin K. V. Simulation of loads on operating device of peat-cutting unit...

12e-4 20e-3 25e-5
A B
10e—4-
20e-5-
& & 15e-3+ L
£ £ I _,im E
~ 80e-5- 9 = T To =
& 3oL = <
= Tq; = >:15€—5‘
= = /~ N\ £
2 60e-5- 2 10e-3- /A A B 2 o
[«P] <5} 3] 6_
- o o T
E o E = 10e-5- o
g40e=51 o 2 S on | om| S
> i~ — 78 Q
%) To o 50e—4 T To A m o
20e—5 1 / 50e-6- 5 Ts 7?:1;
< ( ’ UL
00e0 T T 00e0 o> 1 T T
25 50 100 0 U 100/ \_ 200 ) 300 150 200 250

Frequency, s™!

Frequency, s™!

Frequency, s™!

Fig. 4. Section moment (on cutter) spectral density taking into account blade positioning errors

The obtained expressions and calculation results
make it possible to highlight some characteristic fea-
tures of the section moment on a milling cutter.

For the “ideal” operating device, two components
can be distinguished in the spectral density (Fig. 3).
The first one, the continuous one, is proportional to the
variances of the pulse parameters and to the squared
absolute value of the section moment spectrum on a
blade (C in Fig. 3).

Its appearance is defined by correlation functions
of pulses parameters, the spectrum of the moment on
a blade S,(jo; we; P) and the function depending on the
arrangement of blades on a cutter [5]:

Z@)=3.3, exp{—jf«pm —q»)}

m=1 [=1

The second part of the spectral density (D in
Fig. 3) is related to the periodic interaction of blades
with peat (kinematic component) [5].

It represents a sequence of peaks, the form of
which is determined by a kind of angular velocity dis-
tribution density of an operating device, belonging to
frequencies o, = 2nr/ T,where r =1, 2, 3..., multiple of
the period of blades interaction with a peat deposit.
Its value is proportional to the squared mean values
of the pulse parameters, spectrum S,(jo; P) and de-
pends on the blade arrangement.

Errors in positioning cutting elements on a cut-
ter body lead to changes in value and nature of load,
its frequency content (Fig. 4), including appearance
of additional components at frequencies multiple of
cutter angular speed o, = 2nr/ Ty, where r=1, 2, 3...,

K

o

enriching load spectrum and increasing its variance.
Then the spectral density is proportional to:
li

{H%HHAS ®,, —6“)}.
¢r @7

Despite its relatively small value, these features
should be taken into account if an operating device has
a large number of blades and uses fine feeds.

The effect of these additional loads is greatest
when the natural frequencies of a unit drive members
are equal or multiple to the milling cutter angular
speed, because this can lead to resonance phenomena
which can increase the dynamic loads in the unit drive
members.

]

o]

Conclusion

Probabilistic models of section moment at an
operating device of a milling unit were suggested in
the paper, and on their basis analytical expressions
for calculating spectral density of the moment, taking
into account the impact of errors of blade positioning
on the milling cutter body, were obtained. They can
be connected with installation and manufacturing er-
rors, deterioration of cutting elements design para-
meters due to their wear or irreversible deformations
during operation.

Errors in positioning cutting elements on a cutter
body lead to changes in the magnitude and nature of
load and its frequency content. In this case, new, ad-
ditional components appear at frequencies multiple of
the cutter's angular velocity, enriching the load spec-
trum and increasing its variance. Their magnitude
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is determined by the nature and cumulative value of
the errors.

These facts should be taken into account in the
calculation of dynamic loads in designing structural
members of milling units, especially if their operating
devices have a large number of blades, use fine feeds,
and when the natural frequencies of the structural
members are equal to or multiple of the angular speed
of a milling cutter.
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The research findings serve as a basis for the de-
velopment of methods for dynamic analysis of milling
unit structural members, as well as the corresponding
mathematical support and software for their compu-
ter-aided design systems. Application of CAD will in-
crease the efficiency of new machinery development,
reduce the design time, and allow providing recom-
mendations to reduce loads and improve the reliability
of structural members of existing units.
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