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ALLOWANCE FOR SCALE EFFECT. REPORT 2. INVESTIGATION OF THE

STRENGTH AND LONGEVITY OF HARD=ALLOY DIES FOR HIGH=-PRESSURE APPARATOUS

W. V. Nowvikoew., ¥W. I. Levitas, UDC 539.893
and 5. I. Shestakowv

The resuelts of cvaluation of the scructural strength and longevity of a hard-alloy
die of anvil-type high-pressure apparatus {HPA) with recesses intended for the syn-
rthesis of superhard materials are presented. Calculations are performed by the
finite-element method (FEM) with allowance for the characteristic features of content in-
teraction and the thermoclastoplastic sSCress—strain state of the basis HPA compo-
nents, as well as the structural inhemogencity of the material, which is sensitive
to sgale effect. Isolines of equivalent stresses in the die in accordance with the
Pisarenko=Lebeder strength eriterion after assembly of the HPA and in its leoading
regime with the cffect " re and temperature are sbtained. The number of
ioad cycles zequived to fail the die is established using the developed longevity
criterion. The dependence of the strength and operational stability of goomotri=
cally similar dies on their effeetive volume, which agrees satisfactorily with ex-
porimental data, is investigated.

Using previcously developed criteria [1], let ue axamine the characteristic features of
the caloulation of the static and fatigue strengths of structures in an example of the in-
vestigation of the strength and longevity of hard-alley dies of anvil-type high-pressure
apparatus with recesses [2]. taking into account the characteristic features of their stress-—
& n state. Apparatus of this type are used to produce suvperhard marterials az a result of
phase transformations in the reaction zone subject to high pressures and Cemperdltures.

P4 include {Fig. 1) rtwa coaxially arranped hard-alloy dies. Recesses in the form of
sanes, which are coupled with a sphorfe, are built into the working ends of the dies, which
are braught together in the loading pro . A pontainer fabricated from ore (licthopraphic
limestone or pyrephillite) with & reaction cell containing a mixture of powders is placec
in the recess of one of the dies. In producing synthetic diamonds, this may be, e.g.. a
mixture of graphite with metal chips ana a selvent. During compression of the apparatus,
the container i plastically deformed by the support plates of the press under a iorce of
10-20 kN, and is partially extruded from the cavity of che recess. A deformable seal, which
insulates the current-carTving components, prevents further escape of container material from
rhe high-pressure cavity and reinforces the lower and upper hard-alley dies, is formed in
this case.

The mixture in the reaction cell is heated to the synthesis temperature by passing a
low-voltage current through the cell. The hard-alloy die is engaged alemg lateral surface
Ch by a block of steel rings, which are sequentially pressed one against the othes and against
the die with a gearanteed interference fit. During apecation, the die is heated om averige
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Fig. 1. Schematic diagram of anvil-type high-pressure apparatus with ce—
cexses prior Lo {ﬂ} and after {b:l COmMpPIession: 1) die; 2} container; 3} te-
active charge; 4) deformable seal; 3) heater; &) reinforcing rings.

Fig. 2. Loading diagrams of hard-alloy die of HPA after its impression inte
ring {broken lines} and loading under working pressure (solid lines).

te a temperature of S00-300"C and maintained to failure over several bundreds of load cycles.
The symmetry of the type of HPA under consideration about the vertical axiz and heorizontal
plane of the black=—die jeint makes it possible for us to limic che investigations Co one
quarter of its axial seciion,

Some calculations of the thermal-stress state of HPA were performed in [3-7]. The re-
sults of evaluation of the limiting state of a hard-alley die using the Pisarenke—Lebedev
Ecrm:alizud ﬂ:;xti-.‘.-s:.ritns'[.h criterion are presentoed in [fu, G]. These studies, however, con-
tain a different kind of assumption in the formulatien of the boundary cenditiens, which
result in significent diserepancies berween computed and ewperimentsl data. Ia this connec-
tion, let us dwell in greater detail on determination of the loads acting in che direction
of the HPA components that come in contact with the die.

During service, the die is subjected to a cyclically varying lead. In this case, it is
possible to isoclate twe basic lead regimes. Accovding to the firat, which is hereinafter
called the compression regpise, the dic is loaded by mormal aq and r..-mge:*:r.i.al e loadzs that
develop after assembling the HPA with negative allowance and that are equivalent te a bloek
of reinforcing rings (Fig. 2} along lateral surface CD alone. The second form of force=
induced laad corresponds to tha working Topime, where Che fullm‘iﬂg act on the mateix, in
addition to the increase in the coupling stresses that had been induced:

normal aé and tangential Té stresses poverned by contact interaction with the plastically
deformable lithographic-limestone container on shaped surface ABC; and,

the stresses o, and T.' which are csused by comtact interaction with the support piate
of the press, on the flat end {surface ED).

The stress distribution in the merallie cosmponents of the HPA and en their contact
boundary i=s obtained by the finite-element method using the algporithm and software package
described previously in [3-10). Accerding te the algorithm, The HFA components, which are
preliminarily discretized inte fisite elements, are considered jointly on the assumprion that
the contact zone iz keewn and dees not chasge during the course of leading. A radial negative
assembly tolerance was assigned as the difference betwern the paired-node displacements normal
ta the contact surface, which have similar coordinates, but diffcrent numbering. It was as-
sumed that the contact friction is described by Coulomb's law with a3 friction coefficient of
0.15 between rthe rings, and 0.09 between the dies and suppert plate., This same coefficient
was assigned between the dies and the first ring of the banding unit. The elastoplastic de-
formations of the steel rings were taken inte account in the calculations.
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In connmoction with the fact that the contact thermoelastoplastic problem iz, in the
general case, nonlinear due to energy dissipation caused by plastic deformation and fric—
fional forces on the contact surface, it was solved by iteratioen using the algerithm of the
methed of initial stresses.

It ic apparent from Fig. Z that the normal component of contact pressure increases Lo
1.19 CPa on the contact boundary between the die and ring wnit in the cperating mode. The
maximum discrepancy in the stress values op obtained by the FEM and in accordance with the
Lamé ecquations given in [11], which are wsed in designing HPA, but disregard the actual
shape and characteristie featurcs of the contact interaction between the components of the
diec block, amounted to approximately 16%. Moreover, the distribution of stresses og alenp
lateral surface GO differs significantly from a wniform distributisn; this implies that the
FEM and the solution obtainred for the contact problem by this method must be used to caleuw-
late the optimal parameters of the dis-block assembly. As will be shown below, cyclic wvarcia-
tion in the magnitude and direction of the rangential stresses g exert a significant in=
fluence on the strength, and, especially, on the lengevity of the die.

The distribution of the contact stresses op and Tg on the working surface ABC of the
dio during compression is established as a result af calewlations performed by the method of
slip lines for the limiting state of the plastically deferming container [12]. It was as-
cumed in the caloulations that the constants ia the Coulomb plasticity condition. which
charscrerizes the relationship between the shear strength of the container material and the
prossuce level attained, depend on the nomuriformity of the temperature field.

The related nonstationary nonlinear preblem of elastieal and thermal conductivity has
been stated and solved by the FEM [9] to determine the temperature in HPA. The nonlinearity
of the problem is dictated by the electrephysical and thermophysical properties af the ma-
tprials. The extent to which the electrical and thermal cenductivities are related follows
from the faet that the field of internal heat sources, which. in turn, is defined only when
the electrical-cenductivity problem is solved, should ba known to solve the thermal-conduc-
tivity problem. The alectrophysizal properties of the materials, which are temperatuzre-
dependent, must be assumed to solve the eloctrical=conductivity problem. An implicif scheme
was used for a finite-diffezence approximation of Che temperaturs with time. The temperaturae
stresses were determined for each time interval and after the problem had been carried over
to the stationary regime.

Considecation of the temperature dependence of the physicomechanical preperties of the
seal material made it possible to reduce significantly the jumps in the stresses ge and T2
on the eentact boundary between the containor and the reactive mixture, and, in turo, Lo
eliminate corresponding stress concentration on the working surface of the die [3, 4]. The
wtress state of the mixture, and alse the seal in the region whore the material's shear
strength is insigeificant with the condition That 1L = 0, can be censidered vniferm and
hydrostatic., On the gp curve (Fig. 21, this is characterized by the presonce of a horizontal
sogment corresponding te the hydrestatic pressure, which amounts to 3.5 GPa.

The distribution of the contact stresses op and 1p between the dies and the swppert
plate of the press during effective loading of the HPA Ls characterized by significant non-
unifermity, which increases with increasing radius ef the die block [Fig. 2}. As a result,
the maximum stresses oo = 2.6 GFa and 12 = 0.4 GPa are attained in the region of point D.
In the caze of maximum friction {cohesion) on the contact surface, the contact stress UE
inereases To 3.4 GPa, and the stress T to 1.0 GPa [13].

Thus, the caleulations that we performed made it pessible to define Cha boundary con-
ditiong more precisely, and, in tumm. Co improve the reliability of the results of subsequent
investigations of Che stress—strain and limiting states of the basie componenls of HPA.

The distribution of the components of the stress tensors o; and oy in a hard-alloy die,
wvhich corresponds co the twe schemes undaer consideration for the thermal-force leading of
HPA, is shown in Figs. 3 and 4. It is apparent that where after assembly, the maximum
radial o, and tangential og stresses of —1.4 GPa aze obtainod at the same point in the
gavity of the rocess, they are carried out onto the cone-shape surface of the die in the
pperating regime. The axial stresses, which are insignificant in magnitude siter enbedding
of the die, increase Co 5 GPa in the region of point A and to 2.2 GPs on the edge of the
suppart surface during loading. The disteibution of tangential stresses T, in the die is
characterized by a change in sign on the lateral CD and working AR surfaces. On surface AR,
these stresses have a local maxisum amounting te 1.5 GFa.
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Fig. 3. Distzibution of components of stress tensor in axial section
af die after its reinforcement with banding rings-

Fig., &. Distribution of componcents of stress tensor in hard=alley die
in eperating mode.

Using the components of the stress tensors o, and op; as initial data, let us cxamine
the static and fatigue stremgth of a hard-alley die with allowance for scale effect, and the
form and wniformity of the stress—strain state (1, %]. The Pisarcmke—Lebedev criterion
served as the basic critericn for evaluation of the strongth of the die during its cne-time
losding [14]. According to cxperimental and theoretical data [13. 18], this criterion da=
sepibes most completely the limiting state of structurally inhomogenedus brittle materials.
2.5., sintered hard fumgsten—cobslt alleys with wery different ultimate tensile and compres-
sive strengths [17]. The Pisarenko—Lebedev criterion in dimensionless form, where the
mechanical constants depend on the loaded wolume Wp of the material in conformity with Wei-
bull's statistical theery [18] is as follows:

kA,
. e
g ivg - 11— ) e L P (1)
= 1o - = 1- L
g = Fim Vi) LY =

Here: xivy)d = ep{Vpdfo_(vy); & is a parametes of the material's structure whoro

oy V) —HF n Ve er V)
(=20 ver (L)

I

oy (Vg), oo(Vgd. and 1op(Vy) are the ultimate tensile, compressive. and torsional strengths
of the hard alloy: o; is the stress intensity, and op {2 = 1. 2, 3) are the principal stresses.

The relationship between the mechanical charasteristics of the material, which are inbro-
duced to the criterien, and the loaded velume is determined experimentally from tests of stan=
dard specimens [16, 17].  Representation of test results of hard-alloy specimens in CensSion,
compression, and torsien in logo—1logV ceordinates makes it possible to approximate thom by

oxpressions of the form Ay = xif{\."t mi}, which correspond to the Weibull theory:

o OB e € O 3
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whore @, = 8,77, my = 12.54, and my = 5.053.

Then, x = 0.24/¥3-%3* gnd & = 0.6/Vz°-°%1. Note that in the case of a uniform stress
srare [uniswial tension, compressicn, ete.), the magnitude of the loaded welume aprees with
tha volume of the effective region of the specimen being tested.

The significance of the loaded volume in a nenuniform stress state was determined in
the following manner [1]:

-_U?L-i!:":‘ day (x)

!p":n
I ‘llDM'SJ
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Pig. § Fig. &

Fig. 5. Iselines of eguivalent stresses in die in eabedment
and working-load regimes, obtaired eon basis of nonlecal crite-
rion of sTatic strength.

Fig. 6. Iselines of number of die-loading cycles te failure,
obtained from longevity criCecion.

where @.(f) and Samay are the current and smswimum values of the equivalent stresses caleulated i
in accordance with criterion (1} in & velume V; T is the radius-vector of a point of the wel-
wme: min) is a pazameter of the material’s homogeneity, which depends en the unit vecter n =
oo | of vector o, which is oriented in siTess space.

¥ote that {2) is an equation for determination of the loaded wolume Vi in view of Che
fact that in accordance with Eq. (1}, the expression wnder the integral depends on Vy in
terms of the equivalent stresses op. To detesmine Vy and oy (f) from the assigned strass field
air}, it iz therefore necessary To Carty out the following =imple iteraticn procedure.-

1. Assign the initial walue Vy = (0.01-0.1)V.
2. Determine the material constants A;(Vy) and the disczibution of o [f)
3. Doterzine Tamgy.

4. Substitute og{f) in Eq. (2) and obtain the new value for V.

Lot us then repeat steps 1=3 until the difference between the last two computed walues

of Vy are ne smaller than the small wvaluwe ¢ = 0.0 assigned in advance-

For large m values and significant memwmifezamity of the stress field o.(r), only the
heavily lsaded regions contribute to Vy. When m = 10 and SalfTapay = 0.7, 8.g., we have ({o,%
"enax:'m = .03, In cemponents with clearly expressed stress concenCratars, therefore, Vg « V-
In this ease, the allowable stresses in the regien of the concentrator may be significantly
higher than chase in a specimen of the same wvolume under 2 uniform Stress state.

The equations derived by Novikev et al. [1] for a lemgevity criterion, which aze written
for an asymmetric lead eyele and & matezial that ragists tension and compression differeatly,
can be used To evalwate the eperational stability of a die:

10,1

-y QN

(3}

1o |
0 R x
o=t 'r]l_:Qlfa". -
The aumber of lead cycles to failure is then defined as N = min (M,. N;) after substituting
the ultimste =trengths o, and g. of che material. and the amplitude o, and mesn O Strosses
of the cycle, a5 well as Che functional relationship QUN) in Eq. (3}. If the cessors & and
o: correspond to the loaded smate at any one point of the wolume of the die after assembly
and in the operacing mode, 0. and 0, are defined as:

— ¥ == dF.
gﬂ,_ﬁ%; Oy = e — T (&)

where

Ty i, —dry
0, = g, — JEB=T) (g, — 0 (U
oy =y |
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To calculate the stress vectors op and &_, we can represent them as
o=kt — o) +0,; o=k (o, —0)+ o, (5)

To determine the scalar parasaters i, and A_ of e¥pres=ion (5), and also the values of the
material constants, the principal stresses and their intensities can be substituted in erite-
risn (1), dropping the sign of the inequality:; in thisz case, we obtain F{i)} = 1. Afrer sub-
stituting the principal SLYeSSes Op... Tpip. and oz, which are expressed in terms of the un-
defined parameter A, in Eg. (1}, howewer, it is unclear which of these stresses to use as
the principal stress o,. Since it iz knowm that dg.. » Opip. ¥; may be cqual to oy., or dg
alone. Let us describe the algorithm for determining ¢, and one of the reots, for example,

A = Ay {A- can be determined similarly).

l. Let 03 = Opgx-
Z. Assign the initial wvalue A = A, > 0,

3. Determine F{A} and, solving the equation F{A} = 1 by the method of successive ap-
proximations, we obtain the desired A.

4. Let us calculate the stresses o0y, Opay, and og. 1§ ouex = oo, Che computation of
o, and Ay can be considered final for the peint in guestien. In the case whers
Opgx “ FQ, W€ Can assume ¢, = gy, and return to step 2. To determine A_, we can
aszign a rather large negative initial wvalue to A and proceed in a similar manner.

This scquence of operatioms is carried out at all peints of the region. When the FEM
is used as the computationsl apparatus, these points are the centers of gravity of the tri-
angular elesents, In the special case when o, = 0, i.e., the line along which stress cycling
occurs passcs Chrough the origin of coordinates [1)], and the walues of A and A- can be estab-
lished in accordance with an iteration-free scheme directly from criterion {3}. After this,
the vectors of the material's wltimate strengths oy and g- for each point of the region under
invesTigation and the .-q:u:n;i:l-ic lead cycle are detoermined, just as Che values of Ag, from Eqs.

{5}.

The expression for the QIN)} function can be obtained by approximating experimontal data
derived from fatigue tests of specimens subjected te eyelic loading. For hard tungsten—
cobalt alloys tested under s harmonic eyclic Jead [16], e.g., the Q(N) relationship assumes
the form

QW) = 1 — mylog ¥, (6}

whore my is a coefficient characterizing the slepe of the fatigue line in a semilegarithaic
cooedinate system. For the hard alleys with &, 1%, and 25T of cobalt, which are esed in the
production of basic HPA elements, the value of my iz equal, respeetively, te 0.112, 0.103,
and 0.111.

To evaluate the effcctivencss of the developod algorithms and soefoware packages, the
strength and longevity of a solid hard-alloy cylinder 20 mm in diameter and 10 mm high, whose
stress state i1sg characterized by twe arbitrarily selected temsors of the stresses o, and og,
the latter being functions of the ceordinates of the point of the body, werse caleulated as
a trial problem:

=203 307 g,=—dn .= —3z40

T

n,
&y = —4r —40; gy = Tar = Tpy = Ty = [h

The eylinder is divided inte 121 nodes and 200 triangular lincar elements wsing an
automated grid generater [19]. The results of the caleulations are presented in Table 1.
Mote that three and four approximations were required ta determine the loaded wvolume and
material constants for the first and second stress states, respectively. The errors genor-
ated in computing the welume Vg fer che two forms of siress state are given in the st column
of the table. According to numeric caleulations, the longewity of the cylinder was 3I70
cycles. Considering that N = 2843 cycles for the analytic ealewlation, the errer £y gen-
erated in caleulating the longevity reached -153%. If a finer grid of 676 nodes and 1350
elemonts is applied to the cylinder, the error ponerated in calculating Vg for the first and
second strass states iz reduced to 2.41 and 5.83%, respectively. The computational errvor of
ey iz 7.45% for this gpeid.

Let us axamine the static and fatigue strengths of a hard-allay HPA die of the anvil type
with deprezsions. The cquivalent stresges in the die after its esbodment in Che ring and onos
time loading wnder the cffective pressure and temperature, which are ecalowlated on the basis

—
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P AR TABLE 1. Values of Material Constants and

Mg Loaded Velume, Calculated for Test FProblem -
P Veilend o 27}
o | I ] 3 By
srosss | G o legmy 4| T | Ml NP
stare | | | : |
Pirst 0,803 3,339 0.743 0,875 0,740 4,35
Secord 0837 3,720 0,879 0,882 0257 13,77
¢ oz & B ¥ *Data obtained by FEM and results of ana-
._ Vo lytie computation are presented above and
Fig. 7. Dependance of below the line, respectively.

cperational stability of
gecmetrically similar
dies on their wvolume,
obtained experimentally
{1) and by means of com-
petation {2}. (N, and
VW, are the stability and
volume of the base die.}

af the nonlocal criterion of statie strength, are shown in Fig. 5. The computed values of
the leaded volume Vg, and the material consTanls wera
Vi = 0.072 =™ 0. = 0.82 GPa;
o == 4,147 GFaz (73
= .01 GPag o — 0.284; A= 0.807,

for the first stress state. .

T

The stress state of the HPA in this repime (Fig. 3a) is characterized by a rather high
degree of nenuniformity; this suggests a Vg, value that is smaller than the overall volume
of the die by an order of magnitude. Analyzing the distributicon of the stresses g in tho
die, we can nmote that their maximum value (0.64) is obtained in the region of point A of the
cavity of the recess, which falls on the axis of symmetry of the HPA and which is a strue-
tural concentrater. At another critical peint om the edge of the recess, o, = 0.41. A some-
what lower stress og {G.37) is observed on the surface CF contactiag the block of rimgs. In
the median portion of the secticn of the die, the stresses og, as a rule, do not excesd 0.4
{Fig. 5al.

In the embedsent mede when assigned assembly parameters are observed, the die exhibits
a rathes high factor of safety, even in the most heavily leaded regions. The contact strosses
g, and Tp are extremely sensitive, however, to fluctuations in negative azsembly tolerances.
Even a negligible deviation of the latter from the optimal may therefore lead to a pronounced
igerease in the contaern, and, as a result, equivalent stresses, If the stresses op exceed Che
allowable in thiz case, i.¢., ge > 1, failure of the die may occur in the direction of the
ling connecbing point A and a point belonging to contact surface DO with the maximum stress
Da-

Let us examine the static strength of a preliminarily reinforced dic loaded under the
working pressure. The following values of the loaded volume Vpp and material constants are
obtained as a result of the caleulations:

Vg, 255 W et 0. L0 ckag
L B (8)
Tor = L. 181 GPa; ¥ o= 0.2 A= GE0

Comparing the data of (7) and (8), note that in the operating-load regime, the inhomo-
gencity of the stress state is expressed signifisantly merfe wigorously than in the embedment
regime. Thiz leads to a reduction in the reduged volume and te an increase in the strength
characteoristics of the die material. The caleulations indicated that several elements in the
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region of point & of the die make the basic comtribution to the welume: Vi as a result of
high stress gradients.

Isolines of the equivalent stresses for the regime under investigation are presented in Fig.
Sb. It is apparent that despite significant stress redisteibution, the region with the maxi-
mum stresses g, = §.96 iz lecated, as before, at peint A of the die recess. In this case,
the stresses o, increased on the flat end of the die, where they amouated te 0.39 te 0.49 on
the axis of symmetry of che HPA and on the edge, respectively. The increase in equivalent
stresses in these regions iz associated with the presence of circular bending of the die
block, and alse with the effect of high-level centact stresses on the side of the upport
plate of the press.

According to the calculations, therefore, one of the basic causes for the die being taken
eut of service under a one-time load may be its failure at the lower point of the cavity of
the recess, where the factor of safety does not exceed 4.2X. JAnalysis of a large number of
dies that had failed during service cenfirms this supposition. Failures in the form of fa-
tigue cracking of support surface ED and lecal flaking of material im regions adjacent to
points © and [, which arc not detected as a result of stremgth ealewlations, however, are
characteristic for a rather large batch of dies. Conseguently, it is expedient to supplement
calculations of the static strength of the dic with an estimate of its longewvity using fa-
tigue-strength criterion that we developed and the appropriate software package.

The results of longevity caleulations for a die in the fors of isolines of the nusmber
of ev¥cles to failure are shown in Fig. 6. It is apparent that the effective remaining life
of the dic iz exhausted primarily in the mest criticsl zone previously established by strongth
caleulation, where the number of leadings M amounts to 155 eyeles. In cases where there is
ne failure in this zone, which is pessible with local hardeming of Che material, the extremi-
ties of the flat cnd of the die and the cdges of rocess B, where N is equal to 190 and Z30
lead eyeles, respectively. will be the =most likely failure zones.

The segments on the surface of the matrix, which are cstablizhed by computational means
and which sustain a limited number of lead eyelas, wirtually coincide with the most charac-
teristic regiens of their failure during service. Thiz iz confirmed by data {obtained at the
Institute of Superhard Materials, Academy of Sciences of the Ukrainian 53R and at the Poltava
Artificial Diamond Plant) of statistical analysis of 3 large batch of dies that had been taken
out of service, 507 of which had failed as cracking of the effoective surface, and 25T con=
tained radial cracks and cleavaze of the msterial on the support surface. On the whole, how-
ewver, the predieted stability of the basic hard-alleoy HPA die diffars from the cxperimentally
determined stability by no mere than 15T,

The dependence of the streapth and operational stability of gromebrically similar dies
on the sealar factor when their velusme is varied from 1/64 te 3V, (V. is the volume of the
base die) was investigated wsing the method that we developed. It is established that a mere
vigorous reduction in die streagth is noted in the working regime with a proportional increasze
in their dimensions than during embedment. As the volume of the die is incroased by a factor
of 16, e.g., ifs static strength in the cobedment and loading modes was reduced by 9.6 and
14.8%, respectively.

The relationship between the operational stability of geometrically similar dies and
their volume in a log=log coerdinate system is deseribed by a straight lime passing through
zerp — Fig. 7. A zimilar curve obCained experimentally [1%] is also presented here. It is
dpparent that good correspondence is observed between the results of the numeric calculalions
and the experimental data over the entire interval of die volumes investigated. This sug-
gests the correctaess of all previeusly performed intermediate calewlatiess. The analytically
represented lines can be described by the equation

: ’

In ::—.g:—ﬂ]ﬂ'.}:-l"'- (9
where V, and N, arc the volume and stability of the base dic. The value of the coslficieat
5, which characterizes the slape of the line, was 1,111 for the type of dies under considera-
tion {n = 1.085 in [20]).

It follews from Eq. (9) that the predicted operatiomal stability of the dies depends
heavily on the volume: decreasing with increasing volume. Their stability decreases by &
facter of 12, e.p., with a 16=fold increase in the volume of the die.



Thus, satisfactory cerrespondence between the results ebtained and familiar experimental

data enable us to conclude that the developed merhod is a rather effective moans of AFECSEING
the static and fatigue strength of hard-alley components of high-sressure apparatus amd can

be used in caleulating different types of HPA structures.
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