doi: 10.18323/2782-4039-2024-3-69-9

The influence of cutting mode elements
on the technological parameters of the process of milling blanks

of titanium alloy thin-walled parts
©2024
Aleksandr N. Unyanin', Doctor of Sciences (Engineering), Associate Professor
Aleksandr V. Chudnov*, postgraduate student
Ulyanovsk State Technical University, Ulyanovsk (Russia)

*E-mail: chudnov73ru@gmail.com 'ORCID: https://orcid.org/0000-0002-5557-4197

Received 03.08.2023 Accepted 06.06.2024

Abstract: The purpose of a rational mechanical processing mode remains an urgent task of pre-production engineering.
Known recommendations and methods for selecting this mode are focused on the processing of solid blanks and do not
take into account the fact that when processing thin-walled blanks, the temperatures in the processing zone and the surface
layer of the blank differ. The study is aimed at identifying patterns in changing the parameters of the milling process of
thin-walled blanks depending on the mode elements, as well as developing recommendations for selecting this mode.
The authors performed numerical simulation of technological parameters of the milling process of solid and thin-walled
blanks made of titanium alloy under various modes. The cutting speed, cutting depth and feed per cutter tooth were varied.
The cutting force, power and densities of heat sources and the temperature in the surface layer of the blank, in the contact
zones of the cutter tooth with the blank and the chips with the front surface of the tooth were calculated. It has been found
that when milling thin-walled blanks, the temperature field differs significantly from that formed when processing solid
blanks due to low heat removal from the unprocessed surface. Increasing the feed per tooth by 45 % leads to an insignifi-
cant decrease in temperatures in the cutting zone (by 5...12 %). Increasing the cutting speed by 25 %, on the contrary,
leads to an increase in temperatures by 5...10 %. Increasing the cutting depth leads to an increase in the temperature in

the chip-tooth contact zone by 1.5 times and to an increase in the temperature in the tooth-blank contact zone.
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INTRODUCTION

The temperature field formed during mechanical pro-
cessing of thin-walled blanks differs from the field during
processing of blanks of parts of considerable thickness [1;
2]. The reason is that during processing of a thin-walled
blank, its surface opposite to the processed one has a signi-
ficant effect on the temperature field. However, known re-
commendations and methods for selecting the mode are
focused on the processing of solid blanks, and do not take
into account the fact that when processing thin-walled
blanks, the temperatures in the processing zone and
the surface layer of the blank differ. This is caused by
the low level of heat removal from the unprocessed surface —
heat removal to the environment is significantly less than
that occurred during heat removal to the underlying layers
of a solid blank [2; 3].

Knowledge of the patterns of thermal processes of me-
chanical treatment, and the ability to control these pro-
cesses, are necessary to increase processing productivity
and ensure the quality of processed parts. The temperature
of the surface layers of the blank affects their structural
and phase composition, microhardness and stress state of
the material [4]. The temperatures of the tool surfaces

contacting with the blank and chip determine the wear
resistance and service life of the tool, i.e. its operability
[5; 6]. However, the influence of thermal processes on
the cutting process is often not considered as a significant
factor [7; 8].

The arguments of the dependencies for calculating
the powers of heat sources are the cutting forces, which,
in turn, depend on the mechanical characteristics of
the material of the processed blank (yield strength and
tensile strength). To determine the mechanical characte-
ristics, it is necessary to know the temperature in the plas-
tic deformation zone. To determine this temperature,
a dependence is proposed, the argument of which is
the average tangential stresses in the conventional shear
surface depending on the temperature in this zone. This
circumstance complicates the possibility of determining
the yield strength of the blank material in the plastic de-
formation zone.

It is possible to ensure the operability of the tool,
and the quality parameters of thin-walled parts by selecting
a rational processing mode, but there are no corresponding
recommendations in the literature. Studies related to
the determination of a rational mode for processing

Frontier Materials & Technologies. 2024. No. 3

929



Unyanin A.N., Chudnov A.V. “The influence of cutting mode elements on the technological parameters...”

thin-walled blanks, take into account the elastic defor-
mation of the technological system elements, including
the blank itself [9; 10]. Vibrations and pulsations of cut-
ting forces are taken into account, which is also relevant
for thin-walled blanks [11-13]. Temperature fields and the
effect of temperatures on the mechanical properties of the
blank material, during processing were studied for solid
blanks [14]. However, it was not taken into account that
the temperature field formed, when processing thin-walled
blanks, is different from that when processing solid
blanks, and the effect of the blank temperature on
the yield strength of its material was not considered [15;
16]. In [17; 18], the processes of machining thin-walled
blanks, as well as blanks with a complex profile, were
studied, but recommendations for choosing cutting modes
were not provided.

The patterns of changing the parameters of the mil-
ling process of thin-walled blanks made of titanium
alloys depending on the mode elements, have not been
studied.

The aim of this study is to investigate the influence of
the elements of the milling mode of thin-walled titanium
alloy blanks on the technological parameters of the process,
including the forces and temperatures arising during
the processing.

METHODS

The friction forces of the chip on the tooth front surface,
the tooth back surface on the blank, and the main compo-
nent of the cutting force, were calculated using the depen-
dencies obtained by transforming the corresponding de-
pendencies proposed in [19; 20]. These forces were ob-
tained under the condition that the assessment of the blank
material destruction is carried out, based on the flow plas-
ticity theory (“flow plasticity method”) used in [12; 18].
One of the main factors determining this process is
the yield strength of the blank material, which depends on
the deformed layer temperature:

Gst:f(Td)9

where T, is the temperature of the deformed layer of
the blank material, K.

The calculation of the oy parameter was performed
using the formula [7; 17]:

T,
GS,:GS-[I—T—d],
p

where oy is the yield stress of the blank material at a tem-
perature of 293 K, Pa;
T, is the melting temperature of the material, K.

The powers and densities of heat sources in the zone
of deformation and in the contact zones of the tooth with
the chip and the blank were calculated using the depend-
encies [20; 21].

The authors assumed that the blank material (VT6 tita-
nium alloy, the closest analogue according to DIN is
3.7164) is isotropic, and the phase transformations during

its heating were not taken into account in the calculation.
This assumption is valid, since numerical simulation and
experiments have found that the temperature in the surface
layer of the blank does not reach the values at which
the transformations occur.

To calculate the milling process parameters, we used
our own software, implementing the temperature field cal-
culation using the finite element method. It allowed calcu-
lating the temperature of the deformed layer of the blank
material 7, and the yield strength of the blank material oy,
at this temperature.

The time during which heat exchange occurs is divided
into finite small intervals. The deformable layer tempera-
ture calculated for a certain moment in time is used to cal-
culate the yield strength of the blank material at the next
moment in time.

The o, parameter is the argument of the dependencies
for calculating the friction forces, and the main component
of the cutting force P,. The forces per 1 mm of the cutter
tooth height were calculated.

The adequacy of the physical and mathematical mo-
dels adopted for calculating the temperatures to real condi-
tions, was checked by comparing the average temperature
in the surface layer of the machined blank made of VT6
titanium alloy, obtained by calculation, with the results of
measurement by a semi-artificial thermocouple. By aver-
aging the temperature of the surface layers of a solid
blank, at different moments in time, and at different points
at a distance from the blank surface equal to the diameter
of the thermocouple wire (0.05 mm), the average calculat-
ed temperature was obtained. Milling mode: feed per cut-
ter tooth is S,=0.16 mm/tooth; cutting speed is /=120 and
150 m/min; cutting depth is 7=0.3 mm; feed rate is
V=191 m/min. The other experimental conditions corre-
sponded to those used in the subsequent numerical simula-
tion. At speeds /=120 and 150 m/min, the calculated tem-
peratures were 686 and 701 K, and the experimental va-
lues were 618 and 623 K.

The discrepancies between the calculated and experi-
mental temperature values recorded at different cutting
speeds do not exceed 12 %, which indicates the possibility
of using the proposed methods for the thermophysical ana-
lysis of the milling process.

The parameters of the milling process of blanks made of
VT6 titanium alloy, were numerically simulated using
the cylindrical surface of an end mill made of T5K10 hard
alloy with a diameter of 20 mm. The thermophysical cha-
racteristics of the blank and cutter material (density, ther-
mal conductivity and heat capacity coefficients) depending
on the temperature and the yield stress of the blank material
at a temperature of 293 K were determined from reference
data. The process parameters were recorded during cutting
of the blank by the twenty-fifth tooth of the successive se-
ries of working teeth of the cutter. The process of cooling
the cutting zone with a lubricating fluid was simulated, tak-
ing the coefficient of heat transfer from the surfaces con-
tacting with the coolant to be 5000 W/(m*-K); the heat
transfer coefficient of the surfaces contacting with air was
taken to be 40 W/(m®-K).

The authors simulated the process of milling a solid
blank with a thickness of 10 mm, as well as blanks with
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a thickness of 0.7 and 0.5 mm after processing. The fol-
lowing mode elements were varied: feed per cutter tooth
S, — 0.11 and 0.16 mm/tooth; cutting speed V — 120
and 150 m/min; milling depth # — 0.3 and 0.5 mm. The pro-
cess parameters were recorded at the last moment of contact
between the cutter tooth and the blank (this time depends
on the milling mode elements) and at a time that was
8107 s less than the last.

Table 1 shows a plan for numerical simulation of the pa-
rameters for processing thin-walled blanks with varying
mode elements.

RESULTS

The studies carried out during the machining of blanks
made of VT6 titanium alloy, showed that blanks with
a thickness of 10 mm and more are classified as solid
blanks; during their machining, the surface opposite to
the blank does not affect the temperature field in the blank.

Tables 2 and 3 present the results of calculating
the milling process parameters for a solid blank with
a thickness of 10 mm and thin-walled blanks, the thickness
of which after the allowance removal is 0.7 and 0.5 mm.
Under these conditions and cutting mode, visible changes in
the temperature field were recorded when milling blanks
with a thickness of 1 mm after machining. When machining
a thin-walled blank, the temperatures in the zones of con-
tact of the chip with the tooth front surface, the tooth rear
surface with the blank and in the deformation zone are
higher than when machining a solid blank. An increase in
the temperature of the deformed layer of the blank material
T, leads to a decrease in the yield strength of the material of
the thin-walled blank o,,.

Tables 4 and 5 present the results of calculating the pa-
rameters of the milling process for a 0.7 mm thick
workpiece, after removing the allowance for different mode

elements. Table 6 presents the results of calculating
the temperatures. With an increase in the feed S, from 0.11
to 0.16 mm/tooth (by 45 %), the maximum depth of tooth
penetration into the workpiece a,,, (on average by 45 %),
and the maximum length of contact of the chip with
the front surface of the tooth 1 increase. The parameter |
increases to a greater extent at a cutting depth of t=0.3 mm —
by 64 %. An increase in the parameters a,, and 1 is
the reason for an increase in the friction forces and the main
component P, of the cutting force. The effect of the feed on
the friction force of the tooth on the workpiece F; is insignificant;
the friction force of the chip on the front surface of the tooth F
and the force P, increase by 15...42 % and 14...21 %, respec-
tively. This leads to an increase in the power of heat sources in
the chip-tooth contact zones W and in the deformation zone
W,; the power of the heat source in the tooth-to-workpiece
contact zone W, increases insignificantly.

With an increase in the cutting speed V' from 120 to
150 m/min, i.e. by 25 %, the power of all heat sources
increases by 17..27 %. This leads to an increase in
the average and maximum temperatures 77 and 7,
by 5...10 %. Consequently, with an increase in the cutting
speed V, the temperature of the surface layer of
the workpiece increases.

The kinematic parameters of the milling process —
the length of the tooth-to-workpiece contact trajectory I,
the maximum tooth penetration depth into the workpiece
Apmar and the maximum length of chip contact with
the front surface of the tooth 1 — are not affected by
the cutting speed.

An increase in the cutting depth leads to an increase in
the kinematic parameters. With increasing parameter a,,,,
the friction force F| and the force P,, as well as the powers
of the heat sources W, and W,, increase. The friction force
F, and the power of the source W, are not affected by
the change in the cutting depth.

Table 1. Numerical simulation plan
Tabnuya 1. [Inan yucienno2o MooeruposaHus

Varying parameters
Experiment

number Feed per cutter tooth Cutting speed Milling depth Feed speed
S, mm/tooth ¥, m/min t, mm V;, m/min

1 0.11 120 0.3 1.05

2 0.16 120 0.3 1.52

3 0.11 150 0.3 1.31

4 0.16 150 0.3 1.91

5 0.11 120 0.5 1.05

6 0.16 120 0.5 1.52

7 0.11 150 0.5 1.31

8 0.16 150 0.5 1.91
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Table 2. Milling process parameters at various sizes (thicknesses) of a processed blank:

S.,=0.16 mm/tooth; V=150 m/min; t=0.5 mm; feed speed V,=1.91 m/min

Taonuya 2. [lapamempor npoyecca peseposaniis npu pasiudhbIx pasmepax (Moauunax) oopabomanHot 3a20MoeKu.
S.=0,16 mm/3y6; V=150 m/mun; t=0,5 mm; ckopocmo nodawu V,=1,91 m/mun

Force Heat source power,
Blank size of friction Force of friction Cutting force W, in the zone of
(thickness) of a chip of a tooth major chip-
after processing, on a tooth on a blank component . tooth-blank
deformation tooth
mm front surface F5, N P,N 1% contact
F.. N f contact W
1 W1 2
10 54.8/62.7 54.3/55.1 118.1/128.1 109.0/124.9 82.2/94.1 163.0/165.4
0.7 54.7/62.6 54.2/55.0 117.7/127.8 108.7/124.6 82.0/93.9 162.5/165.0
0.5 53.4/61.3 54.0/49.8 117.0/127.2 108.2/124.1 81.6/93.5 162.0/164.5

Note. F;, F,, P. are forces per 1 mm of the cutter tooth height.

The denominators represent the process parameters recorded at the last moment of contact between the cutter tooth and the blank,
and the numerators represent the same parameters at the previous moment.

Ipumeuanue. F, Fy, P, — cunvl, npuxooswuecs Ha 1 mm evicomsl 3y6a (hpesbi.

B 3namenamensix npedcmagienvl napamempul npoyecca, 3aQuUKCUpoO8antble 8 NOCICOHUL MOMEHM 8peMeHU KOHmaxkma 3y6a gpesvl

€ 3A20MOBKOI, 8 YUCTUMEAX — 8 NPEOLIOYWUTE MOMEHN.

Table 3. Temperatures at various sizes (thicknesses) of a processed blank:

S.=0.16 mm/tooth; V=150 m/min; t=0.5 mm; V;=1.91 m/min

Taonuya 3. Temnepamypol npu pasiuyHsIX pasmepax (MoayuHax) oopabomantol 3a20MoeKu:

8.=0,16 mm/3y6; V=150 m/mun,; t=0,5 mm; V=1,91 m/mun

Blank size Average temperature Temperature Temperature of a blank
. in the contact zone of Yield strength T;, K
(thickness) of the deformed X
after layer of the blank of the blank at a distance
rocessin a tooth a chip material material from the processed surface
P & | withablank | with a tooth K 6., MPa
mm T, K T, K @ 30 pm 180 pm
10 1,000/1,018 1,004/1,012 365/337 784/796 484/478 389/390
0.7 1,006/1,023 1,008/1,013 371/341 782/794 497/ 491 406/406
0.5 1,014/1,031 1,014/1,015 379/347 778/791 514/506 425/425

Note. The denominators represent the process parameters recorded at the last moment of contact between the cutter tooth
and the blank, and the numerators represent the same parameters at the previous moment.

Ilpumeuanue. B 3namenamensx npedcmasieHvl napamempsi npoyeccd, 3aguKcuposanHble 8 NOCIEOHUI MOMEHM 8PeMeHU
Konmaxma 3y6a ¢pesvl ¢ 3a20mosKou, 8 YUCIUMENAX — 8 NPEObLOYUUL MOMEHM.

With increasing cutting depth, the average value of
temperature 7, decreases at S.=0.11 mm/tooth, and increa-
ses at S,=0.16 mm/tooth. The maximum value of tempera-
ture 7, increases for all combinations of parameters S, and V,
except for S;=0.11 mm/tooth and ¥=150 m/min. The work-
piece temperature 73 at a depth of 30 um increases with
increasing cutting depth for all combinations of parameters
S, and V, except for S,=0.16 mm/tooth and V=150 m/min.
The temperature at the tooth tip T slightly decreases with
increasing parameter ¢, except for the calculation for
the mode S,=0.11 mm/tooth and /=120 m/min.

DISCUSSION

When milling thin-walled blanks, the cutting force P,
and the power of the heat sources are somewhat lower due
to the lower value of the o, parameter. However, due to
less intense heat removal from the zone of processing thin-
walled blanks, the contact temperatures are somewhat high-
er [3] than when machining solid ones (Tables 2 and 3).
The temperatures in the surface layer of the blanks increase
to a greater extent, and the greater the distance from
the machined surface, the greater the difference in tempera-
tures between the solid and thin-walled blanks.
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Table 4. Process technological parameters at various milling mode elements
Taonuya 4. Texnonozuueckue napamempuvl NPOYECcd NPu PA3IULHBLX DNEMEHMAX PEHCUMA (pe3eposaniis

. Maximum Maximum length Temperature .
E):]I:le:;l: int ;}itl:lelte:;gtthh_ depth of tooth of a contact of a chip of the deformed Y;:lt(:lzt;f:flt(h
accordin blank contact penetration with the tooth layer of the blank material
t0 Table % L. mm in a blank front surface material .. MPa
fo Aypaxs UM la pm Tds K »
1 2.46 26.8 76.5 385/366 776/784
2 2.46 39.0 125.8 376/354 779/789
3 2.46 26.8 85.2 388/365 774/784
4 2.46 39.0 125.8 376/351 779/790
5 3.18 344 111.0 394/365 772/784
6 3.18 50.1 161.5 371/345 781/792
7 3.18 344 111.5 396/363 781/792
8 3.18 50.1 161.5 371/341 782/794

Note. The denominators represent the process parameters recorded at the last moment of contact between the cutter tooth
and the blank, and the numerators represent the same parameters at the previous moment.

IIpumeuanue. B 3HameHamensix npedCcmasiienbl napamempuvl NPoYeccd, 3aQUKCUPOSAHHbIE 8 NOCIEOHUL MOMEHN 6PEMEHU
KOHmaxma 3y0a gpeswvl ¢ 3a20MoKO, 8 YUCTUMENAX — 8 NPEObLOYUULL MOMEHNI.

Table 5. Process parameters at various milling mode elements
Tabnuya 5. Ilapamempyl npoyecca npu pasiuyHbix 31eMeHmax pejcuma gpezeposanus.

Force of fr} ction Force of friction Cutting force Heat source power, W, in the zone of
E . ¢ of a chip fa tooth T
xperimen on a tooth front otatoo major . chip-tooth tooth-blank
number on a blank component deformation
surface F.. N P.N "% contact contact
F, N » » 8 W W,

1 28.0/31.5 53.8/54.4 86.2/90.8 46.0/51.8 35.0/39.4 134.4/135.8
2 38.4/45.0 54.0/54.7 98.8/106.9 63.7/74.3 48.3/56.2 135.0/136.6
3 28.0/31.5 53.7/54.3 86.0/90.8 55.1/62.2 41.9/47.2 161.0/163.0
4 38.8/45.2 54.0/54.7 99.0/107.2 76.7/89.6 58.2/67.8 162.0/164.1
5 39.8/44.1 53.5/54.3 99.6/105.5 65.6/72.8 49.7/55.1 133.7/135.8
6 54.0/61.7 54.2/54.9 116.9/126.7 89.4/102.4 67.5/77.1 135.4/137.3
7 39.7/44.1 53.4/54.4 99.5/105.6 78.6/87.4 59.6/66.2 160.3/163.2
8 54.7/62.6 54.2/55.0 117.7/127.8 108.7/124.6 82.0/93.9 162.5/165.0

Note. F;, F,, P, are forces per 1 mm of the cutter tooth height.

The denominators represent the process parameters recorded at the last moment of contact between the cutter tooth and the blank,
and the numerators represent the same parameters at the previous moment.

Ipumeuanue. F), F), P,— cunvi, npuxooawuecs na 1 mm evicomvl 3y0a ¢pesol.

B snamenamensix npedcmagienvt napamempbl npoyeccd, 3aQuKcuposantble 8 NOCIeOHU MOMEHM 8peMeHy KOHmaxma 3y6a ghpesol
€ 3a20MOBKOU, 8 YUUCTUMENAX — 8 NPEObIOYWULL MOMEHTN.
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Table 6. Temperatures at various milling mode elements

Tabnuua 6. Temnepamypul npu pasiuuHslx 1eMeHMax pesicuma dpe3eposanus

Temperature Temperature Temperature
. in the tooth-blank contact zone | in the chip-tooth contact zone perat Blank
Experiment T.. K T. K at the tip temperature

number » L of the cutter tooth peratu

T.. K TS’ K

average maximum average maximum B

1 967/972 1,282/1,288 874/871 961/961 1,025/1,017 532/525
2 922/936 1,301/1,317 959/934 1,277/1,290 1,019/1,010 506/496
3 1,042/1,052 1,462/1,475 946/958 1,305/1,312 1,036/1,025 539/531
4 966/987 1,441/1,467 963/970 1,384/1,403 1,013/1,001 502/491
5 957/960 1,285/1,294 948/946 1,273/1,277 1,034/1,024 542/537
6 956/969 1,330/1,348 967/970 1,380/1,393 1,014/1,001 507/500
7 1,011/1,017 1,424/1,437 986/985 1,380/1,388 1,027/1,016 539/535
8 1,006/1,023 1,477/1,504 1,008/1,013 1,506/1,528 1,008/991 497/491

Note. Blank temperature T; was determined at a distance of 30 um from the processed surface.

The denominators represent the process parameters recorded at the last moment of contact between the cutter tooth and the blank,
and the numerators represent the same parameters at the previous moment.

Ipumeuanue. Temnepamypa 3azomosexu T3 onpedenena na paccmosnuu 30 mxm om 06pabamuviéaemori NOBePXHOCHU.

B 3namenamensax npeocmasnensl napamempsi npoyecca, 3aQuKcuposannble 8 NOCIeOHUI MOMEHM 6peMeHl KOHmaKma 3y6a gpesul

€ 3A20MOBKO, 8 YUCTUMEIAX — 8 NPEOLIOYWUTE MOMEHN.

The densities of all heat sources increase insignificantly,
since with an increase in the feed, both the power of
the heat sources and their areas increase. The average tem-
peratures in the contact zone of the tooth with the blank 75,
the temperature at the tip of the cutter tooth 7 and the tem-
perature of the blank 73 in almost all cases decrease insig-
nificantly, with an increase in the feed (by 5...12 %). This
can be explained by a decrease in the time the blank is op-
posite the heat source with an insignificant increase in
the densities of the heat sources. The average and maxi-
mum temperatures in the chip-tooth contact zone 7; in-
crease with increasing feed.

The blank temperature at a distance of 30 pm from
the machined surface does not change, or decreases slight-
ly, with increasing speed V, which is explained by a de-
crease in the time of action of the heat source on the blank.

At the last moment of contact of the tooth with
the blank, the temperature of the deformed layer is slightly
lower than at the previous one. This is a consequence of
the fact that the tooth comes into contact with the blank
material heated to a lesser extent as a result of the opera-
tion of the previous teeth. Therefore, at the last moment of
time, the yield strength o, is higher, as, consequently, are
the cutting and friction forces, and the power and density
of heat sources. For all milling modes, the values of
the average and maximum temperature 7, are higher at
this moment of time than at the previous one. The blank
temperature 73, the temperature at the tooth tip 7 and
the temperature of the deformed layer, are slightly lower
at the last moment of time than at the previous one.
The maximum value of temperature 7 is higher at the last

moment of time, and the average value of this temperature
changes insignificantly. Therefore, the following depend-
encies for evaluating the process parameters were ob-
tained for: the average value of temperature 7, and force
P, recorded at the last moment of contact time; tempera-
tures Tx and 75 — at the previous moment; when calculat-
ing the average temperature 7}, the temperature averaged
for two moments of time was used.

When machining thin-walled blanks, a mode should be
used that ensures forces and temperatures that do not ex-
ceed those that occur when machining solid [14] blanks
at maximum productivity.

The studies performed allow selecting the required mode.
For example, if mode No. 6 according to Table 3 is used
(=0.5 mm; S,=0.16 mm/tooth and V=120 m/min), then
the force P., as well as the average and maximum values of
temperatures 7; and 7, are expected to be lower than when
machining a solid blank (Tables2 and 3). In this case,
the feed rate will decrease from 1.91 to 1.52 m/s, i.e. the
productivity during processing of thin-walled blanks will
slightly decrease. There are also other modes of processing
thin-walled blanks providing lower forces P, and tempera-
tures in comparison with processing of a solid blank, howev-
er, under these modes, productivity decreases significantly.

It is difficult to provide recommendations concerning
processing of thin-walled blanks due to the ambiguous in-
fluence of any mode element on the process parameters
with various combinations of others. Therefore, to deter-
mine the rational mode, one can use the following depen-
dencies obtained as a result of processing the results of nu-
merical simulation:
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T, =223.9+1141.3-5_+31.095 -V +272 -t —141.3-S_ -V —
—2400 -5, -t—30.68-V -t +355.56-S_-V ’

Ty =1320 +13110 - S, +905,4-V +4184 -1 ~5340 -5, -V —
~25900 - S, -£—16900 -V £ +11000 - S -V :

Ty =439.3+3820 -5, +296.6-V +1351 -1 ~1760 - S, -V —
~8600 -8, -1—576 -V -1+3000 -S. -V ’

Ty =306.9+1110 -5, +118.8-V +525 -1~ 680 -S. -V —
~2500-S, -1—188 -V -1+800-S, -V -t ’

P, =37.12+1141.3-5_+6.52 -V +63.8-1—62-5_ -V —
~70-S,-1—-232-V-1+220-S,-V -t '

Using these dependencies, one can calculate the mode,
at which the technological parameters, when processing
a thin-walled blank, will not exceed the permissible values.

CONCLUSIONS

1. It has been found that during milling of thin-walled
blanks, the temperature field differs significantly from that
formed during processing of solid blanks.

2. Regularities in changing the parameters of the milling
process of thin-walled blanks depending on the mode ele-
ments have been identified.

3. Mathematical dependencies describing the relation-
ship between temperatures and cutting forces with the mill-
ing mode elements have been obtained.

4. The results of the research, and the obtained de-
pendencies allow determining the processing mode for
a thin-walled blank, at which the technological parame-
ters, including temperatures, will not exceed the per-
missible values.
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Annomayus: HasHaueHNe pallOHAIBHOTO PEeXHUMa Ipolecca MEXaHMIECKOH 00pabOTKH OCTaeTcs akTyalbHOH 3a/1a-
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MIPaBJICHO Ha BBIBJICHHE 3aKOHOMEPHOCTEH B M3MEHEHHMSIX MapaMeTpoB mpoliecca (pe3epoBaHUs 3arOTOBOK TOHKOCTCH-
HBIX JieTaJleil B 3aBUCUMOCTH OT 3JIEMEHTOB PE)KHMMa, a TAK)Ke Pa3padOTKy PEeKOMEHIAIMH 10 Ha3HAUSHHIO ATOTO PEKUMA.
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1 TOHKOCTEHHBIX JeTaJel M3 THTAHOBOTO CIUIaBa IIPU PA3IMYHBIX PEKUMax. BappupoBamm cKOpOCTh pe3aHus, NIyOHHY
pe3aHus u nojauy Ha 3y0 ¢pessl. PaccunThiBany cuity pe3aHus, MOLIIHOCTH U IDIOTHOCTH UCTOYHHKOB TEIUIOBBIJCICHUS
U TEeMIIEpaTypy B IIOBEPXHOCTHOM CJIO€ 3arOTOBKH, B 30HaX KOHTaKTa 3y0a (pe3bl ¢ 3aroTOBKOW M CTPYXKKH C HepenHen
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