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Abstract. The use of investment casting process is aimed at producing castings of complex configuration with increased dimensional and geometric accu-
racy from a wide range of casting steels and non-ferrous alloys. A number of operations during the implementation of such a process are accompanied
by the appearance of defects of a thermophysical nature (shrinkage of the pattern material and its thermal expansion during melting, leading to a
violation of the ceramic mold integrity), which, to a certain extent, prevents the expansion of the casting nomenclature. The formation of experimental
porous investment patterns by compaction of powders of waxy materials is aimed at eliminating such defects, but, due to the lack of information on the
processes accompanying the compaction of waxy powders (in some cases manifested in the elastic response of the material or a change in the strength
characteristics of the compacts), requires separate study. It was previously established that the distribution of density values in a paraffin powder
compact is provided by directional loading of the compacted material, including in the field of centrifugal forces, which allows obtaining the surface
configuration of a body of revolution with a predictable distribution of properties in each of its sections. In this paper, using the example of forming a
section of a body of revolution, a comparison is given of the calculated and experimental dependencies of the relative density of compacts (obtained
from different fractions of the PS50/50 material) on the stresses arising during their compaction in the field of centrifugal forces, as well as the average
values of the density of compacts on the molds rotation speed. Pictures of the stress-strain state of compacts are presented when determining the values
of their compressive strength characteristic of various waxy materials. The results of the experiment are aimed at solving the problems of increasing
the efficiency of processes for obtaining investment patterns, the configuration of which is a body of revolution, formed by compaction of powdered
waxy materials in the field of centrifugal forces.
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AHHomauw!. Hcnonb3oBanue Tpouecca JMTbA IO BBIIUIABIACMBIM MOJCIISIM HaAIlPaBJICHO HA ITOJYYCHUE OTIIMBOK CIIOKHOM KOH(i)I/IpraLU/IPI C ITOBBI-

MICHHOU Pa3MepHOIl U FeOMETPUYECKON TOYHOCTHIO M3 MIMPOKOTO INANa30Ha TUTEHHBIX cTajel M IBETHBIX CIUIABOB. Psr onepanuii mpu ocymect-
BJICHHHU TaKOI'O IPOLECCa CONPOBOKAACTCS MOsBICHUEM Je(heKTOB Temnodu3nueckoit mpupossl (ycaaka MOJEILHOIO MaTepyaa i ero TeMiepa-
TypHOE pacIIIpEHHE TP BBIILIABICHHUN, IPHBOAAIICE K HAPYIICHHIO IIEIOCTHOCTH KepaMUIeCcKol (JOpMBI), UTO, B U3BECTHOM Mepe, IPETIATCTBYET
PACIIMPEHHIO HOMEHKJIATYPBI JINThsI. DOPMHUPOBaHUE HKCIIEPUMEHTANIBHBIX TOPHCTHIX BBIIUIABIIAEMBIX MOJEIEH PEeCCOBAHUEM MTOPOLIKOB BOCKO-
00pa3HbIX MaTepUaIoB HAIIPABICHO HAa yCTPAHEHHE JaHHBIX Je()eKTOB, HO, B CHIIy HEJOCTATKa CBEIEHUI O IIPOLEeccax, CONMPOBOKAAIOIINX YIIOT-
HEHHE BOCKOOOPA3HbIX MOPOLIKOB (B PsiJIE CIy4yaeB, MPOSBISIOINXCS B YIIPYTOM OTKIIMKE MaTepyalla MId U3MEHEHHH IIPOYHOCTHBIX XapaKTePUCTHK
IPECCOBOK), TpeOyeT OTAEIBHOTO n3ydeHus. PaHee OBLIO yCTaHOBIICHO, YTO pacHpeielicHHe 3HAYCHUIT INIOTHOCTHU B IIPECCOBKE, BEIIOTHCHHON U3
nopouka napapuna, odecrneynBaeTcs HalpaBICHHbIM Harpy>kKeHUEM YIUIOTHAEMOrO MaTepuaia, B TOM YUCie B I0JIe JICHCTBUS LIEHTPOOESHKHBIX
CHUL, 94TO HO3BOJISACT IIOTy4YaTh KOH(PUTYPAIHIO IIOBEPXHOCTH Tella BPALICHHUS C IIPOTHO3UPYEMBIM PACIIPEIEICHIEM CBOUCTB B KaJKJIOM €TO yJacTKe.
B Hacroseit pabore, Ha ipuMepe GOPMHUPOBAHUS yYacTKa Tejla BPAILCHHs, IPUBEICHO CPAaBHEHHUE PACUETHBIX U DKCIIEPUMEHTAIbHBIX 3aBUCH-
MOCTEil OTHOCHUTENBHOM TFIOTHOCTH MPECCOBOK (TONTYHYEHHBIX U3 pa3HbIX (pakimii marepuana [1C 50/50) ot HanpshkeHH, BOZHUKAIOMINX TTPU UX
YIUIOTHEHHH B I10JI€ IeHCTBUS LIEHTPOOSKHBIX CHJI, @ TAKKE CPEHUX 3HAYEHHUIT IIIOTHOCTE TPECCOBOK OT CKOpocTH BpareHus ¢popm. [Ipencras-
JIeHbI KAPTHHBI HATIPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSHHUS IIPECCOBOK IIPH ONPENENICHHH 3HAYCHUH NX IPOYHOCTH Ha CXKATHE, XapaKTePHBIC [
Pa3IMYHBIX BOCKOOOPA3HBIX MaTepHasoB. Pe3ynbraTsl SKCHIepUMEHTa HaNpaBlIeHbl Ha PEIICHUE 3aJ1a4 TOBbIIICHUS d(P()EKTUBHOCTH TPOLECCOB
HOJy4YCHHS BBIILIABILIEMBIX MOJeNeH, KOHHUTypalus KOTOPBIX IPeICTaBIsLeT co00i TeIo BpalleHnst, 00pa30BaHHOE YILIOTHEHHEM MOPOIIKOBBIX

BOCKOOOPA3HBIX MaTepHasioB B IOJIC ACHCTBHUS LIEHTPOOCKHBIX CHII.

Knwueswle ca108a: nuthe 10 BHIIIIABISIEMbIM MOICJIAM, YEPHBIC W IBETHBIC CIUIABbI, SKCIICPUMEHTAJIBHOC MOACIMPOBAHUE, MAIlIMHOCTPOUTCIIBHBIC
TIpOLECChI, 110JIC HCﬁCTBI/I}I I_ICHTpO6e>KHLIX CHl1, HaHpﬂ)I(eHHO—I[e(bOpMI/IpOBaHHOC COCTOSIHUE, ITIPECCOBKA, ITOPUCTOCTD, pryI‘I/Iﬁ OTKJIMK, IPOYHOCTH

Bbaazodaprocmu: PaboTa BBINOIHEHA B paMKaxX roCyIapCTBEHHOTO 3a1aHust VIHCTUTYTa MalIMHOBEICHUS U MeTaILTypruu XabapoBckoro deepaibHOTO
uccrenoBarelbekoro neHrpa JlansaeBocrounoro otaenerus PAH. B pabote ucnonb3oBanst hoto Gupcosa C.B.
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- INTRODUCTION

Improving the efficiency of producing accurate bil-
lets from a wide range of ferrous and non-ferrous alloys
by investment casting requires the development and
modernization of technological processes that eliminate
machining operations and expand the range of cast pro-
ducts for the aircraft, shipbuilding, and mechanical engi-
neering industries. The manufacture of castings of comp-
lex spatial configuration [2; 3], characterized by high
dimensional and geometric accuracy and low surface
roughness, is predominantly carried out by investment
casting [4 — 6].

The general sequence of traditional operations in
the investment casting process involves the forma-
tion of investment patterns, their assembly into pattern
clusters, sequential coating and drying of ceramic shell
layers, melting out the pattern material from the ceramic
mold, firing of the shell in a supporting filler, and pouring
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the shell mold with liquid metal followed by machining
of the cast billets [7 — 9].

Throughout the investment casting process, the tech-
nological stages mentioned above are accompanied
by thermophysical phenomena that can lead to geomet-
ric distortion of the investment pattern due to shrin-
kage [10 — 13], deformation, and fracture of ceramic shell
mold sections caused by thermal expansion of pattern
materials both during dewaxing and at the stages of firing
and metal pouring [14 — 17].

The traditional approach to improving the thermo-
stability of investment patterns has been to select pattern
material components with low thermal expansion [18],
while increasing the crack resistance of ceramic molds
is mainly achieved by using reinforcing elements or new
binding agents [19; 20].

A promising way to address the complex of thermo-
physical problems is the use of porous investment pat-
terns formed by compaction of fractions of waxy mate-
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rials. Such investment patterns do not have shrinkage
defects and do not exert expanding effects on ceramic
molds [21]. A series of experiments has provided practi-
cal data on the stress—strain behavior of waxy materials,
aimed at eliminating the elastic relaxation of compacts
(whose magnitude is an order of magnitude smaller than
the shrinkage value and amounts to about 1 % of the com-
pact volume) formed during their compaction [22].

Greater control over the porosity of investment pat-
terns can be achieved by compaction of powders of waxy
materials in the field of centrifugal forces, which pro-
vides directional loading of the powder compact during
compaction [23]. Compaction of powders of waxy
materials makes it possible to obtain an investment pat-
tern in the form of bodies of revolution, the configura-
tion of the external surface of which is determined by
the rotating mold. However, achieving a uniform distri-
bution of properties within such compacts requires a sub-
stantially more complex mold design, whereas produc-
ing a body-of-revolution investment pattern by pressing
a pasty pattern compound may lead to shrinkage defects
upon cooling. Research in this area is motivated by
the need to identify an energy-efficient compaction mode
for forming compacts in the shape of bodies of revolution
in the field of centrifugal forces, allowing the mold rota-
tion speed to be reduced while maintaining acceptable
strength of compacts made of various waxy materials.

Therefore, the purpose of this study is to determine
the force parameters of the process of compaction in
the field of centrifugal forces for fractions of pow-
dered waxy pattern material PS 50/50 and to analyze
the strength characteristics of such compacts in compari-
son with those obtained by compaction in a closed mold,
including those produced from paraffin grade T1.

To achieve these objectives, the following tasks were
se the study addressed the following tasks:

—selecting a computational method to obtain
the stress dependencies (derived using the formulas
of M. Yu. Balshin and G. N. Zhdanovich) arising during
vertical uniaxial compaction of PS 50/50 powder com-
pacts with particle sizes of 2.5 and 0.63 mm in the relative
density range 0.8 — 1.0, best corresponding to the experi-
mental data, and comparing the adapted calculated data
with experimental results;

— comparing the calculated and experimental mold
rotation speeds required to achieve average compact
densities in the range 842 — 935 kg/m? (corresponding
to load-bearing capacity) for PS 50/50 fractions 2.5 and
0.63 mm;

— comparing the strength characteristics of compacts
made of waxy powdered materials grades T1 and PS
50/50 obtained by uniaxial vertical compaction and com-
paction in the field of centrifugal forces.

- METHODS

The waxy powder selected for this study was PS 50/50,
the most widely used pattern material in investment cast-
ing. Particle size fractions of 0.63 and 2.5 mm were
used, as these sizes are technologically convenient and
ensure homogeneous compacts [24]. The fractions were
obtained by sieving on model 026 sieves manufactured
in accordance with GOST 29234.3-91 “Foundry sands.
Method for determination of mean grain size and unifor-
mity coefficient”. PS 50/50 is an alloy of equal mass frac-
tions of paraffin and stearin and belongs to the first clas-
sification group of pattern materials [25]. As a reference
material, paraffin grade T1 was used; its properties are
regulated by GOST 23683-89 “Petroleum solid paraffins.
Specifications”. The strength characteristics of com-
pacts obtained from PS 50/50 were compared with those
of compacts made from T1. Data on the average densities
of compacts formed in the field of centrifugal forces at dif-
ferent mold rotation speeds were taken from the authors’
previous work [23]. The densities p of the materials in
the experiment, corresponding to their cast state, were:
PS 50/50 — p =935 kg/m3, T1 — p = 860 kg/m>.

Earlier experiments refined the permissible poro-
sity (P) range of 0% <P <10 %, within which waxy
compacts produced by uniaxial compaction of materials
T1 and PS 50/50 retain their service strength [21]. Poro-
sity was calculated as

P:(l—@]-mo %, (1)
pcast

where Peomp is the density of the compacted sample,
kg/m?; p_  is the density of the cast material, kg/m’.

Thus, the density ranges ensuring satisfactory perfor-
mance were 774 — 860 kg/m? for T1 and 842 — 935 kg/m?
for PS 50/50.

Before placing a measured portion of the pow-
dered pattern material into the mold, the inner surface
of the mold was treated with kerosene to reduce friction
between the compacted material and the wall. Uniform
distribution of the powder within the mold prior to com-
paction was achieved by vibrating the mold on a vibrating
table at 3.5 Hz for 5 min.

The compaction of waxy material powders in the field
of centrifugal forces makes it possible to obtain invest-
ment patterns in the form of bodies of revolution, with
the outer surface geometry defined by the shaping surface
of the rotating mold. In this case, centrifugal forces gene-
rate an almost uniform pressure distribution throughout
the compact from the center of rotation to the periphery,
which results in a nearly uniform distribution of pro-
perties; in particular, the density is essentially the same
at equal radial distances from the rotation axis.
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Producing a compact in the form of a body of revolu-
tion imposes specific requirements on the equipment due
to the high mold rotation speeds traditionally required
(6,000 — 15,000 rpm), which is energy-inefficient [26].

Preliminary studies showed that the use of an attached
mass acting as a punch is a feasible way to form compacts
in the shape of bodies of revolution in the field of cent-
rifugal forces. In this scheme, the compaction process
includes the following steps:

— a measured portion of the powdered pattern material
is placed into a mold mounted on the centrifuge shaft.
The mold defines the geometry of the compact and is
rotated at a speed sufficient to form a cavity at the center
of the compact;

— a flat spiral spring containing the attached mass (for
example, steel balls) is inserted into this cavity. The mold
is then spun again, and the elements of the attached mass
self-distribute along the inner surface of the steel spring.

Experiments showed that, for PS 50/50, this compac-
tion scheme requires a mold rotation speed in the range
of 3500 — 4000 rpm.

This design provides the necessary pressure directed
from the centrifuge rotor axis toward the periphery
at acceptable rotation speeds [23]. In the experiments,
the attached mass was a washer made of steel 45 with
a mass of 0.125 kg, radius R=0.023 m, and height
[=0.1 m (Fig. 1).

To simplify the calculation of the parameters
of the body-of-revolution forming process, the scheme
shown in Fig. 1 was used. In Fig. 1, a, the schematic
diagram shows compaction of powdered waxy pat-
tern material in a mold (/) shaped as a cup of radius R,
fixed to the centrifuge rotor holder (2) and at rest. In
Fig. 1, b, the compaction stage corresponds to rotation
of the centrifuge rotor at @ =3500—4000 rpm, when
the z axis of the holder coincides with the mold axis.
The coordinate z varies from z, to z;, and characterizes
the movement of the powder surface during compaction,
while Z is the distance from the rotor axis to the bottom
of the cylindrical mold (Z = 0.015 m). To relieve stresses
in the compacted powder and reduce the elastic response
of the compact, the mold was rotated at angular velocity
o for 7 min.

During centrifugal compaction, the centrifuge rotor
speed was continuously recorded. After compaction,
the compacts were removed from the molds and their
densities measured. The specimens were then subjected
to compressive loading until fracture at a crosshead speed
of 22 mm/min, which complies with GOST 4651-2014
“Plastics. Compression test method”. Experimental frac-
ture data for compacts from PS 50/50 were compared
with those obtained for compacts from T1. The stresses
arising during loading were recorded using a Shimadzu
AG-X plus testing machine.

566

Based on the computational and experimental results,
the following relationships were obtained:

— comparison of calculated (according to the equa-
tions of M.Yu. Balshin and G.N. Zhdanovich) and experi-
mental dependences of load on relative density for samp-
les formed from 0.63 and 2.5 mm fractions;

— comparison of calculated and experimental average
densities of compacts obtained from 0.63 and 2.5 mm
fractions as a function of mold rotation speed;

— stress—strain relationships recorded during compres-
sive loading of samples made of PS 50/50 and T1 mate-
rials produced by uniaxial pressing and by compaction in
the field of centrifugal forces.

[l RESULTS AND DISCUSSION

The schematic diagram in Fig. 1, similar to that
proposed in [27], is presented in Cartesian coordinates
X, y, and z to enable numerical analysis of the compact
formation process in a rotating cylindrical mold and
to predict the property distribution within the compact.
In this scheme, the z axis coincides with the cylinder
axis, and the coordinate origin is located on the centri-
fuge rotor axis y.

The centrifugal force compacting the material is
expressed as

I~

\ 272

Attached mass

Pattern material

a
%
[ \!_/
2 1
i
——e === < x
, BN
i !
Z |
i
b

Fig. 1. Scheme of forming a compact from powder material
in the field of centrifugal forces

Puc. 1. Cxema npornecca GopMUPOBaHHUs TIPECCOBKH U3 TIOPOIIKOBOTO
MaTepHaa B HoJe JeHCTBUA HEHTPOOSKHBIX CHII
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F=mo(Fo). 2)
The force vector has two nonzero components
F. =mro’, F, =mr.o’. 3)

Under the action of the force F, the F_ component
causes the compacted powder material to move toward
the bottom of the cylindrical mold, whereas the F_com-
ponent promotes material spreading from the mold center
toward the walls along the x axis. The effect of F_is small,
and together with the friction force it can be neglected
by setting both to zero, which simplifies the calculations.
In this formulation, the centrifugal force depends only
on the z coordinate, and the compaction process can be
treated as layer-by-layer densification of a powder com-
pact represented by n layers, each of height 4/ (where
i=1, ..., nis the layer number, and j is the iteration num-
ber in the calculation process). The calculation starts from
the upper layer (z=z;) and proceed down to the layer
adjacent to the mold bottom (z = Z). At the initial itera-
tion (j = 0), all layer heights are equal

p-fn H 4)

n n

The mass m can be expressed in terms of density as
m=pV=pHS, where V is the compact volume, H is
the compact height, and S is the cross-sectional area
of the mold. Dividing the centrifugal force component
F_, which generates pressure, by the cross-sectional area
S =nR? gives the stress in the i-th layer of the powder
compact:

i i+l
pihizjo’, z/ =Z - h. (5)
=1 I=n

J
G;

Since the density p/ depends on the stress o/,
the calculation is carried out in two stages. First, the stress
at the current iteration j is determined from the densities
obtained at the previous iteration (j = 1). Then, the den-
sities of each layer are recalculated until the difference
between successive iterations becomes negligibly small.
For this, a known functional dependence between the den-
sity of the material and the pressing stress p = p(o), is
required. Fig. 2 presents the results of a series of pre-
liminary experiments to determine the stresses arising
during uniaxial vertical compaction of PS 50/50 powder
fractions of 2.5 mm (Fig. 2, @) and 0.63 mm (Fig. 2, b)
to relative densities within the range 0.8 — 1.0. Curves /
and 2 in Fig. 2 show the calculated results based on
the equations proposed by M.Yu. Balshin (Eq. (6)) and
G.N. Zhdanovich (Eq. (7)) for describing the compaction
behavior of powdered bodies [28; 29]:

6=0,,0", m=2+ ; (6)
6-96,

o= 2% .2 7)
1—or

where o is the stress at which the density p reaches
the cast density p_ ., 0 =p/p_ is the relative density;
0, = Po/Pa, 18 the initial relative bulk density, and p,, is
bulk density of the loose powder.

As can be seen from Fig. 2, the stresses during com-
paction of the powder compact made from the 0.63 mm
fraction are slightly lower than those for the 2.5 mm frac-
tion.

Since the curve 2 obtained according to the Zhdano-
vich equation lies closer to the experimental exponential
trend (curve 4), the original data were approximated by
adjusting the exponent m for the best fit. The exponents m
for the PS 50/50 material fractions were found to be 7.55
and 8.78, respectively.

The inverse dependence of relative density on stress,
corresponding to Eq. (7), can be written as:

P = Prnax® = Prnan Li(l —-07)+0; }m : ®)

max

Using Eqgs. (5) and (8), the density distribution in
the powder compact along the height of the cylindrical
mold can be determined for a given angular velocity .
To reduce the angular velocity ® from 6,000 — 15,000 rpm
to acceptable levels, an attached mass is placed on the sur-
face of the compacted material. Its presence increases
the uniformity of density distribution within the compact
by exerting additional pressure on it.

For this purpose, by integrating the F_ component in
Eq. (3) for a material with a uniform density distribution
throughout its volume, the stress provided by the attached
mass can be obtained. Dividing ¢ by the mold cross-
sectional area S yields the value of the stress acting on
the surface of the compacted material (z = z,) as a result
of the influence of the attached mass:

1
Oadd = mgjd (Zo _51)(02, )

where m_,, is the attached mass, / is the thickness
of the attached mass made in the form of a washer.
As compaction proceeds, the interface between the pow-
der surface and the attached mass shifts from the mold
center toward the periphery (z = Z).

Accordingly, for a given angular velocity, the stresses
in the compact can be calculated from Egs. (5) and (9),
and the corresponding average compact densities can
then be obtained using the adapted Zhdanovich equation.

For the PS 50/50 material, the angular velocity
of the mold at which the average density of compacts
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Fig. 2. Calculated and experimental dependences
of stresses arising during uniaxial vertical compaction
of PS50/50 material on the values of relative density of compacts:
a — fraction 2.5 mm; b — fraction 0.63 mm

Puc. 2. PacueTHbIC U 3KCIIEPUMCHTAIbHBIC 3aBUCHMOCTH
HanpsHKEeHUH, BO3HUKAIOIIUX IPH OJHOOCHOM BEPTHKAJIbHOM
ymnorHeHnu Marepraina I1C50/50, ot 3HageHuit
OTHOCHTEJILHOM IIIOTHOCTH NIPECCOBOK:

a — ppaxuus 2,5 mm; b — dpakius 0,63 mm

corresponds to the required range of 842 — 935 kg/m?
was determined. Fig. 3 shows the graphical dependences
of the average density of compacts formed from PS 50/50
with particle sizes of 2.5 mm (Fig. 3, @) and 0.63 mm
(Fig. 3, b) on the mold rotation speed. The calculated
curves (1) lie slightly below the experimental exponen-
tial curves (2) in both cases. The experiment showed that
a density of 935 kg/m3, corresponding to the cast state
of the compact formed from the 0.63 mm fraction, is
achieved at an angular velocity of 4050 rpm. For com-
pacts produced from the 2.5 mm fraction, achieving
the same density required a slightly higher velocity —
approximately 4200 rpm. Overall, the use of an attached
mass significantly reduced the necessary mold rotation
speed to a range of 3500 — 4200 rpm.

If the density distribution in compacts produced by
direct uniaxial vertical compaction and by compaction in
the field of centrifugal forces differ, corresponding diffe-
rences will also be expected in their behavior under uni-
axial compression to failure. It is evident that the intrinsic
properties of the materials (T1 and PS 50/50) will partly
account for the observed differences in the compressive
strength of the compacts.

Fig. 4 compares the stress—strain relationships for
cylindrical compacts with porosity P =0 % obtained
by direct pressing in a closed die (at a punch travel rate
of 0.5 mm/s) and by compaction in the field of centrifugal
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forces. Black curves represent samples produced by direct
pressing of waxy powders in a closed cylindrical mold;
red curves correspond to samples obtained by centrifu-
gal compaction. Solid lines denote compacts made from
2.5 mm fractions; dashed lines correspond to 0.63 mm
fractions.

Visual analysis of the “stress—strain” curves for
samples made of T1 (Fig. 4, a) and PS 50/50 (Fig. 4, b)
reveals notable differences in their deformation behavior
under compressive loading. The photographs included in
Fig. 4 show that T1 material (melting point = 60 °C [21])
deforms in a brittle manner, whereas PS 50/50 mate-
rial (melting point = 52 °C) exhibits greater plasticity.
Overall, the resistance to compressive loading of com-
pacts formed from T1 powder is slightly higher than
that of compacts produced from PS 50/50, which, in all
likelihood, can also be explained by the greater plasti-
city of the latter. It should be noted that a common fea-
ture characterizing all variants of experimental compacts
is the dominance of the peak compressive stress values
obtained during strength testing of samples made from
the 2.5 mm fraction over the strength values of samples
made from the smaller fraction — on average by 7 % for
the case of single-action uniaxial compaction and by
12 % for compaction in the field of centrifugal forces.

Analysis of the relationships presented in Fig. 4 also
showed that the compressive strength of samples formed
in the field of centrifugal forces is, on average, 15 %
lower than that of compacts obtained by single-action
compaction, which, however, is sufficient to ensure their
further technological applicability.
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Fig. 3. Dependences of the average density of compacts made of
PS50/50 material on angular velocity of the mold rotation:
a — fraction 2.5 mm; b — fraction 0.63 mm

Puc. 3. 3aBUCUMOCTH CpeiHEH IUIOTHOCTH IPECCOBOK
n3 marepuaina [1C50/50 ot yrioBoit ckopocTu BparieHust GopMbl:
a — ¢paxuus 2,5 mm; b — ppakius 0,63 Mm
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Puc. 4. 3aBUCHMOCTb HANPsHKEHUS OT JIepopMannm
IIPU BEPTUKAJIBHOM OZIHOOCHOM CXKMMAIOILEM Harpy)keHuH 00pasioB,
BBINOJTHEHHBIX M3 MaTepHajioB MapoK:
a—T1; b—-TIC50/50

[ ConcLusiOoNs

As a result of a series of computational and experi-
mental studies, the force parameters of the compaction
process under centrifugal forces were determined for
powdered bodies made from fractions of the waxy pat-
tern material PS 50/50. A comparative analysis was per-
formed of the compressive strength values of cylindrical
compacts and those of samples obtained by compaction
of paraffin grade T1 in a closed mold.

The calculation method proposed by G.N. Zhdano-
vich, adapted to determine the stress relationships arising
during vertical uniaxial compaction of PS 50/50 powder
compacts in the technologically acceptable range of rela-
tive densities (0.8 — 1.0), was found to be the most sui-
table.

The experimental results showed that density values cor-
responding to compacts with porosity of 0 % < P <10 %,
formed from PS 50/50 fractions using an attached mass,
are achieved at mold rotation speeds ranging from 3500
to 4200 rpm. The points on the calculated dependences
of the average density of PS 50/50 compacts on the mold
rotation speed were found to be, on average, 5 % lower
than the experimental data, which may be attributed
to the neglect of frictional forces between the compacted
material and the mold walls in the calculations.

Analysis of the experimental data also established
that the compressive strength of samples formed under
centrifugal forces is, on average, 15 % lower than that

of compacts obtained by single-action compaction,
which, however, remains sufficient to ensure their further
technological use.
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