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The most important resource for improving the performance of parts is the reduction of the surface roughness. One
of the promising ways to reduce the surface roughness is the abrasive extrusion processing. When developing the AEP
technology, it is necessary to know the flow rate (pressure) of the WE, which depends on the viscosity of the latter. In
turn, the viscosity of the WE is determined by its temperature. The temperature of the working environment at AEP can
be calculated if the coefficients of thermal conductivity and thermal diffusivity of the WE are known. The working envi-
ronment for AEP consists of two components, therefore, the coefficient of thermal conductivity can be calculated by
known formulas. However, the calculation error is significant, therefore, the experimental determination of the above-
mentioned coefficients is required. The installations for the coefficients research have been presented, the methods of
conducting experiments have been developed. After mathematical processing of the experiments results by means of the
AdvanceGrapher v. 2.11, the dependences of the thermal conductivity and thermal diffusivity on the abrasive concen-
tration have been obtained. The studies of the thermophysical properties of the working environment have shown that
the values of thermal conductivity and thermal diffusivity of the WE are mainly determined by the concentration of
abrasive grains in the working environment. The direct dependence of these coefficients on the degree of filling the
working environment with abrasive grains has been established.

Keywords: abrasive extrusion processing, working environment, thermal conductivity and thermal diffusivity
coefficients.
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Baoicnetiwum pecypcom nogvluienusi IKCHIYAMAyUOHHbIX XAPAKMEPUCIUK Oemdell S8NSEmcst YMeHbULeHUE UepOo-
xoeamocmu nogepxrnocmu. OOHUM U3 NEPCHEKMUBHBIX CNOCOD0E8 CHUNICEHUSL UEPOXOBATNOCMU NOBEPXHOCU AGIAEMCSL
abpazusno-skcmpysuonnasn obpabomra (A30). Ilpu paspabomxe mexuonrocuu A0 Heobxooumo 3Hams pacxood (0as-
nerue) paboueii cpeost (PC), komoputii 3asucum om ea3xocmu nociedueu. B ceoro ouepedw eazkocmv PC onpedensiem-
ca eé memnepamypoul. Temnepamypy PC npu AOD mooicHo paccuumams, 3Has KO3GOuyuenmsl menionpo8ooHoOCmu
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u memnepamyponpogoornocmu PC. PC npu A20 cocmoum u3 08yX KOMHOHEHMO8, NOIMOMY paccuumams K03 uyu-
eHm MenaonpoBOOHOCIU MONICHO NO U38eCmubIM hopmynam. OOHAKO NOSPEWHOCIb PACYEMO8 3HAYUMENbHA, NOINOMY
mpebyemcst IKCHepUMEHMAIbHOe ONPedeleHUe BbIUEYNOMIHYMbIX Kodpduyuenmos. [Ipedcmasienvt ycmanosku 07is
uccne008anus Koagpuyuenmos, pazpabomansvl Memoouxku nposederus onvimos. Ilocie mamemamuueckoii 06pabomxu
Pe3yIbmamos SKCNepuUMenmog ¢ nomowvio npoepammel AdvanceGrapher v. 2.11 nonyuenvt 3agucumocmu ko3¢p@puyu-
€HMO8 MENIONPOBOOHOCTIL U MEMNePAmyponpo8oOHOCMYU om KoHyenmpayuu adpazusa. Ilposedennvie ucciedosanus
menioQuueckux ceolcms paboueli cpedvl NOKA3AAU, YMO GETULUHbI KOIPDUYUEHMO8 MEeNTONPOSOOHOCMU U Memne-
pamyponposoonocmu PC, 6 ocnosnom, onpedensiomcesi KOHyeHmpayueu aopazushvlx 3epeH 6 pabouell cpeoe.
Yemanoenena npsimas 3asucumocms smux Kodpuyuenmos om cmenenu HanoIHeHus. paboyeil cpedvbl AdPA3USHLIMU

3EePpHAMU.

Kniouesvie crosa: abpasusno-skempysuontas obpabomka, pabouas cpeoa, Koapouyuenmsl menionposoOHOCHU U

memnepamyponposoOHOCHU.

Introduction. Now there exists the whole class of
parts containing open and closed channels of a variable
cross-section to which surface layer condition the
increased design requirements are imposed. These are
aircraft parts (low thrust engine nozzles, impellers of tur-
bopump units), high-precision transport parts (nozzles,
sprayers), technical equipment parts (stamps, compression
molds, matrixes, nozzles of thermoplastic automatic ma-
chines), etc.

The most important resource of the increase in pro-
duction characteristics of parts is the decrease of rough-
ness of a surface and ensuring parallelism of its direction
along the flow of components as well as the removal of
tensile and compressive stresses.

The practice of finishing processing showed that the
most productive and effective for the formation of the
surface layer (SL) of figurine channels is the abrasive-
extrusion processing (AEP) which consists in the move-
ment (remolding) of viscoelastic, filled with the abrasive
grains (AG) working environment (WE) under the pres-
sure 5-12 MPa along the processed channel surface
[1-5].

When developing the AEP technology it is necessary
to know the flow rate (pressure) of the WE which depends
on the viscosity of the latter [6; 7]. The viscosity of the
WE in turn is defined by its temperature. The WE tem-
perature at AEP can be calculated knowing thermal con-
ductivity and thermal diffusivity coefficients of the WE.
The working environment at AEP consists of two compo-
nents, therefore it is possible to calculate a thermal con-
ductivity coefficient by Odelevsky’s [8], Misnara’s [9],
Burger’s [10] formulas. The authors [11] consider that
Odelevsky's formula is the most universal. The research-
ers of heat conductivity of composites offer a simple
formula for the coefficient calculation, the method of “in-
version” [12].

It has been established [13] that the thermal conduc-
tivity coefficient significantly depends on the concentra-
tion of abrasive and slightly depends on other
factors.

Research method and equipment. The experimental
determination of a thermal conductivity coefficient of the
WE was carried out by means of the flat layer method
[14] on the installation (fig. 1). The working environment
contained a viscoelastic component (high-molecular sili-
cone rubber) and abrasive grains (silicon carbide black of
graininess 100 or alundum white of graininess 50). Dur-
ing the experiments the content of abrasive grains was
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changing from 10 to 80 % (on volume basis) with a 15 %
interval.

The working environment 3 in the form of the disk
with 8 = 1-10 m thickness is located between the heater
1 and the fridge 5. The insulating ring containing the ad-
ditional security heater 4, which provides one-
dimensionality of the heat flux, is located outside. For the
same purpose the ratio 8/D (D — the disk diameter equal
to 1610 m) has been chosen small. To measure the tem-
perature difference the thermocouples 2 were used.

It is known that at a one-dimensional heat flux
through the flat layer the thermal conductivity is calcu-
lated

A=08/F(T) - T, (M

where O, — the heat flux of the heater; & — the sample
thickness; F— the surface area; T; and T, — the tempera-
tures of “hot” and “cold” sample surfaces (working envi-
ronment).

Therefore for thermal conductivity research by this
method the heat flux close to one-dimensional one
through the layer of the working environment under study
was created and measured and the temperature difference
between layer borders was measured as well.

As the temperatures were measured not on sample sur-
faces, but at some distance from them inside the heater
and the fridge, then the temperature differential correc-
tions in the heater layer AT} and the fridge AT, were made
to the measured temperature difference AT e.s The correc-
tions are determined by formulas:

AT\= 0.8,/ (F-My); 2
AT2: QT82 / (F7\'2)5 (3)
where 8, and 8, = 2-10° m — distances from a thermocou-

ple junction to the sample surface in the heater and the
fridge respectively; A; and A, — thermal conductivity
of heater and fridge materials (for steel 12X18HI10T
}\.1 = 7\.2 =152 W/m - K)

Taking into account these corrections the calculation
formula is:

0.
F ATzsm _& ﬁ+872

FAx A,
The graph of the dependence of the thermal conduc-

tivity coefficient on the concentration of abrasive is pre-
sented in fig. 2.

A=
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After the experiments results mathematical process-  for silicon carbide black:
ing by means of the Advance Grapher v. 2.11 the de- 7\,,<K:—0.322—0.016-Ka+0.013-Ka2—8.56-1075Ka3. (6)
pendences of thermal conductivity coefficients on con-
centration of abrasive have been received for alundum
white:

Except for the abrasive concentration as the factors of
variation the grain size (Ba) — the abrasive graininess in
the range of 25—100 microns and 7, — the temperature

. . . 0
A = — 0.046 — 0.045-Ka + 0.008- Ka’ — 5.6-10°Ka*,  (5) of the W(_)rkmg environment in the range of 20-60 "C
were studied.

Fig. 1. Installation diagram for determining the coefficient of thermal conductivity
by the method of a flat layer:
I —heater; 2 — thermocouples; 3 — sample under test (working environment);
4 — security heater; 5 — fridge; 6 — fridge security ring

Puc. 1. Cxema ycTaHOBKH ISl OTIpeaeNieHAsT KO PHUINEHTA TEITONPOBOJHOCTH
METOZIOM ILIOCKOI'O CJIOS:
1 — HarpeBaTelb; 2 — TepMomnapsl; 3 — HcciIeLyeMblil obpasel (pabodas cpenia); 4 — OXpaHHBIH
HarpeBarenb; 5 — XOIOIWIbHUK; 6 — OXPaHHOE KOJIBLIO XOJIOHIbHUKA

AVt/mK
35

: e
20 / Ak
15 // //
S —

0 T T T T 1
0 20 40 60 80 100

Ka%

Fig. 2. Dependence of the coefficient of thermal conductivity of the working environment
on the concentration of abrasive

Puc. 2. 3aBucuMocTh KO3 PHUIIEHTA TETIONPOBOAHOCTH padodeld cpeibl
OT KOHIIEHTpaIny abpa3usa
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As a result of the experiments it has been established
that the thermal conductivity coefficient of the WE in the
specified interval of change of abrasive graininess and
temperature changes no more than by 3 %. Therefore
these factors can not be considered when developing
technological processes of AEP.

Calculation results of the thermal conductivity coeffi-
cient of working environments by Odelevsky's, Misnara’s
formulas give the error of the required value determina-
tion in the comparison with the experimental one more
than 60 %, by the inversion method the error makes
20—45 % in the specified range of abrasive concentration
research. Such inaccuracy of thermal conductivity deter-
mination coefficient is unacceptable at projection of AEP
technology.

The formulas for calculation of thermal diffusivity of
composites have not been found now, therefore this pa-
rameter was defined experimentally.

To determine the thermal diffusivity coefficient of the
working environment the method based on the measure-
ment of the heating rate and time lag of the maximum
(minimum) temperature on the free surface of a sample
relative to the moment of switching on (switching off) the
input into the sample power was used [15].

The working environment limited by a metal cylinder
with the height of 11 mm and the diameter of 160 mm
was used as a sample. The experiments were carried
out on the installation (fig. 3). The installation consists of
the heating element 1 with 100 W power on which the
sample — the working environment 2 in the cylinder 3 was
located. The measurement of temperatures was performed
by means of thermocouples 4 in three different points
which are located at the free surface of the sample on the
depth of 1 mm. The thermocouples were located on one
circular axis with the 20 mm diameter located concentri-
cally relatively the center of the sample cylinder. The
operation of the heating element was controlled by means

of the thermocouple 5. Fixing of measurement results was
carried out via the analag-to-digital converter 6 to the
personal computer 7 on the virtual digital oscillograph.

The measurements were carried out in intervals
2060 °C that is the operating temperature at AEP. The
data received from three thermocouples were averaged to
decrease a random error of measurement due to possible
heterogeneity of a working environment structure. The
graphs of change of the input electric power and tempera-
ture are provided on the oscillogram (fig. 4)

The thermal diffusivity coefficient of samples was
calculated by formula:

a=28/(At—K)-o, (7)

where & — the thickness of the studied sample, 0.01 m;
At — the time which passed between switching on (switch-
ing off) the power of the heater and the achievement of
a maximum (minimum) temperature on the sample sur-
face, c¢; K — the time constant of the measurement circuit
defined on the model, 0.5 ¢: o — the dimensionless coeffi-
cient depending on the input power in our installation
c=810"

After the mathematical processing of experiments re-
sults by means of the AdvanceGrapher v. 2.11 the de-
pendences of thermal diffusivity coefficients on the abra-
sive concentration have been received for alundum white:

O = —6.3-107° +9.09-10°Ka +
+1.14-10 °Ka’ - 6.75-10 °Ka’; (8)
for silicon carbide black:
O = —3.02-107%+ 5.09-10Ka +
+1.3-10 °Ka®- 2.94-10 °Ka’. )

The dependence of a thermal diffusivity coefficient of
the working environment on the abrasive concentration is
presented in fig. 5.

e 4
= o e “ ‘/
// s @y i i a ” 1/

Fig. 3. Installation diagram for determining the coefficient of temperature
and conductivity:
1 — heater; 2 — sample under test (working medium); 3 — cylinder; 4 — termocouple;
5 — control thermocouple; 6 — analog-to-digital converter; 7 — personal computer

Puc. 3. Cxema ycTaHOBKH JUTs OTIpEeNICHUS KO PHUIUeHTa
TEMIIEPATyPOIPOBOTHOCTH:
1 — HarpeBarenb; 2 — uccieyeMblil oopasen (paboyas cpena); 3 — HUIMHAD;
4 — TepMonapsl; 5 — KOHTPOJIBHAS TEPMoOIIapa; 6 — aHaIaroBo-1UpPOBOit
npeoOpa3oBaTeb; 7 — NEPCOHATIBHBINA KOMITBIOTED
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At At i

Fig. 4. Oscillograms of power and temperature:
1 — graph of changes in input power; 2 — graph of temperature changes
on the free surface of the sample; Az — measured time lag of the maximum
(minimum) temperature, s

Puc. 4. OcuorpaMma MOITHOCTH M TEMIIEPATYPHI:
1 — rpaduk U3MeHeHHs BBOAUMON MOIIHOCTH; 2 — rpaduk U3MeHeHus
TeMIepaTypbl Ha CBOOOJHOM 1TOBEPXHOCTH 00pa3ua; Af — u3MepsieMoe
BpPEMEHHOE 3ara3/(bIBaHie MaKCUMyMa (MUHUMYMa) TeMIIepaTypbl, C

a,m/c
0,012

QKK
0,01

0,008

0,006

0,004 —

0,002

Ka%
0 20 40 60 80 100

Fig. 5. Dependence of the thermal diffusivity of the working environment
on the abrasive concentration

Puc. 5. 3aBucuMoCTh TeMIepaTypoOnpoOBOAHOCTH pabodell CpeIbl OT KOHIICHTpauy abpa3uBa
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Similarly to the thermal conductivity coefficient, the
grain size (Ba) — the abrasive graininess in the range
of 25-100 microns and Ty, — the temperature of the
working environment in the range of 20-60 °C were stud-
ied as the factors of variation for thermal diffusivity.

As a result of the experiments it has been estab-
lished that thermal diffusivity insignificantly depends
on the operating temperatures, the abrasive values and
other factors not bound to the structure of the WE. In
this connection, these factors were excluded from con-
sideration.

Conclusion. The conducted research of thermal prop-
erties of the working environment have shown that the
values of thermal conductivity and thermal diffusivity
of the WE are generally defined by the concentration of
abrasive grains in the working environment. The direct
dependence of these coefficients on the degree of filling
the working environment with abrasive grains has been
established
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