Ne4 (111) /2020 TexHika, eHepreTHka,

% TpaHcnopt AIIK
E - Vol. 111, No 4 / 2020

VIIK 621.774
DOI: 10.37128/2520-6168-2020-4-3

TECHNOLOGICAL PASSPORT STUDY PISTON AND CONNECTING ROD BARE
MATERIAL AXIAL ROTARY PISTON PUMP

V. Muzychuk, PhD of Eng., Associate Professor
Vinnytsia National Agrarian University

My3uuyk Bacuab IBaHOBUY, K.T.H., JOLIEHT
BinHMIbKHI HalliOHATBHUH arpapHUil YHIBEPCHTET

A technological passport of the alloy steel material has been formed, from which a piston-connecting
rod pair of an axial-rotor piston pump is made in the form of functions: flow curve, plasticity diagram,
Bauschinger curve, calibration graph.

Using the approximation of the neck contour by the Gaussian function at any moment of deformation
of a cylindrical specimen in the supercritical region, the main parameters used in engineering calculations
are related: the minimum diameter of the specimen, the current diameter of the specimen with a given
coordinate, the relative (absolute) elongation and contraction with the parameters referred to the moment of
rupture sample. In addition, the elongation and contraction of the sample after fracture are unambiguously
associated. The approximation avoids the inconvenient and relatively expensive video filming for studying the
history of deformation.

It is shown that the effect of heat treatment on the mechanical properties of these steels is not the same
for different stress state schemes. The tensile strengths of these steels are close as delivered.

The plasticity characteristics of steel 30Kh3MFA exceed the plasticity of steel 38Kh2MYUuA by 1.5
times. The flow curves of the steels under consideration have the following tendency: so the coefficient of
approximation of the flow curve for 38Kh2MYUA steel in the delivery state exceeds its value in relation to steel
30Kh3MFA by 1.23 times. After heat treatment of these steels, the value of the approximation coefficient
increases: for steel 38Kh2MYUA by 1.11 times, for steel 30Kh3MFA by 1.46 times.

The results obtained make it possible to control the mechanics of the technological operation of rolling
the piston-connecting rod pair and create a process control mechanism in order to prevent rejects during the
rolling process, which manifests itself in the form of going beyond the tolerance field for the axial clearance
of the piston-connecting rod pair, as well as destruction during rolling of the inner part of the piston.

Key words: technological passport, piston-connecting rod, axial-rotor piston pump, flow curve,
plasticity diagram, Bauschinger curve, calibration graph.

F. 32. Fig. 6. Table. 1. Ref. 11.

1. Problem formulation

Modern industrial production is associated with the use of various hydraulic machines. In hydraulic
machines, one of the most important structural elements is an axial-rotor piston pump, in which the driving
link is a piston-connecting rod pair. During the technological operation of rolling the piston-connecting rod
pair, the problematic issue is the instability of the axial clearance between the piston and the connecting rod.
Obtaining a stable clearance depends significantly on the mechanical properties of the piston-connecting rod
material.

For the experimental construction of the mechanical properties of the material (characteristics), it is
necessary to use the methods of their construction for steels 38Kh2MYUuA and 30Kh3MFA, both in the state
of delivery and after heat treatment (after improvement). The piston and the connecting rod of the axial-rotor
piston pump, respectively, are made of the indicated materials.

The results obtained will make it possible to control the mechanics of the technological operation of
rolling the piston-connecting rod pair and create a process control mechanism in order to prevent rejects in the
rolling process, which manifests itself in the form of going out of the tolerance field for the axial clearance of
the piston-connecting rod pair, as well as destruction during rolling of the inner part of the piston.

2. Analysis of last researches and publications
Traditional concepts of the mechanical characteristics of a material in the mechanics of a deformable

solid are limited by such parameters as yield strength o, ,, ultimate strength O, ,, endurance limit &, , as

np
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well as plasticity characteristics: relative residual elongation - & , relative residual narrowing - . In the theory
of metal forming by pressure, the most important tasks are: assessment of the stress-strain state of workpieces,
the study of technological inheritance for the quality of products obtained by pressure processing, assessment
of the used plastic resource of workpieces in the process of their shaping, etc. The solution of these problems
is based on a deeper knowledge of the mechanical characteristics of the material.

Such universal mechanical characteristics of materials are functions that reflect the properties of the
material depending on the degree of deformation (the ability to harden), the stress state diagram, and the history
of deformation. These ideas about the material are reflected in the works devoted to the formation and
development of the phenomenological theory of deformability [1-4].

In the phenomenological theory of the deformability of metals, one proceeds from the following
functions that form the so-called technological passport of the material [5-12]:

1) material flow curve in coordinates - stress intensity - 0, , strain intensity - &, (accumulated strain

intensity -e, );
2) a diagram of plasticity in coordinates - the limiting degree of deformation (the accumulated intensity
of deformation - e, to the moment of destruction - €, ), an indicator of the stress state = Oit ot ;

Oy

3) diagram of stability in coordinates - deformation at the moment of loss of stability e, (appearance
of a “neck” during tension) - indicator of the stress state n;

4) Bauschinger's curve in coordinates - Bauschinger's coefficient A= (6.) , where is (O'u) the yield

Oy

stress after the change in the direction of deformation, O, - the yield stress before unloading before the change
in the direction of deformation;
5) calibration graph - hardness (HV, HB, HRC) depending on stress intensity o, , strain intensity &, ;
6) the dependence of hardness on the specific potential energy Hv = f(vvyg).

3. Purpose of the research
Generate a technological passport of the alloy steel material, from which the piston-connecting rod
pair of the axial-rotor piston pump is made in the form of functions: flow curve, plasticity diagram,
Bauschinger curve, calibration graph. Create a process control mechanism in order to prevent scrap in the
seaming process.

4. Results of the research

Plotting the flow curve of the materials under study.

The flow curves of steels 30Kh3MFA and 38Kh2MY uA were plotted according to the results of static
tests for uniaxial tension and compression of cylindrical specimens. The tensile test obtains data only for
limited strains equal to the critical value corresponding to the onset of plastic deformation buckling (neck
formation). In this case, the stress intensity:

P
"=V &)

strain rate
eu :lnli eu=21ni
o : (stretching), dy . (compression). 2
Based on the incompressibility condition, relations (1) and (2) are reduced to the form
o, =p-exple, )/ 4y , (under tension) (3)
o, =pl4y -exp(eu)’ (under compression). (4)

In relations (1), (2), (3), (4): P - is the deforming force; Ao, A - sectional area before and after
deformation; I, I - are the length of the working part of the sample before and after deformation.

To construct the flow curve o, =f(ey) with deformations e, > ex,, we used the solutions of N.N.
Davidenkov and N.I. Spiridonova [6]:
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o, ZLd’ (5)
ﬂd2(1+j
8R
d
e, = 2In FO , (6)

where do, d — respectively the initial and current smallest diameters of the neck cross section; R — is
the radius of curvature of the neck contour at the point of its smallest cross-section.

Let us also give a technique developed by us for the purpose of developing and refining the technique
for constructing the flow curve by tensile testing in tension of a cylindrical specimen. At any time when the
neck is formed, its outer contour can be described by the Gaussian function

d(x)=d,,, +(dnn - dycm)exp{—[x —% ﬂ , %

w

where d(x) — is the current diameter of the sample with the x coordinate; (d,;, ) - is the minimum
current diameter of the sample at the place of the greatest localization of deformation and subsequent rupture;

Xc - coordinate; d min; ; dyer - Sample diameter corresponding to stable deformation (at a distance from the

break); W - is a parameter of the Gaussian function.
For steel 30Kh3MFA, the character of the approximating function is shown in fig. 1.
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Fig. 1. Approximation of the neck contour by the Gaussian function (7) (steel 30Kh3MFA)

Similar data were obtained for steels of grades (30Kh3MFA after heat treatment, 38Kh2MYUA,
38Kh2MYUA after heat treatment). As can be seen, the choice of function (7) is justified by a sufficiently

accurate description of the contour ( y°= 0.0025, 99.6% compliance).
In expression (7) to determine (dmini ), we use the experimental data obtained by P. Bridgman [7].

With an accuracy sufficient for practical calculations, it can be assumed that the dependence of the
minimum relative radius of curvature on the accumulated intensity of deformations is linear up to fracture.
Taking into account the boundary conditions

dmini dm ei _ey
R.

= ®
R, €,—¢€

d
where ¢ _pjp % e =2In=C.
d

yem w

yem w

The xc coordinate in formula 7 can be taken X = lo/2. Wherein d;, =d .
When approximated by a Gaussian function in the form (7), it seems possible to determine the
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minimum radius of curvature corresponding to the extremum of the function
0*(d(x))
2

2

Ri = ax 3/2 = d v d ' (9)
(1+(a(d(x))) J son ~ Qi
OX

The volume constancy condition must be met at any stage of sample deformation.

R

imin (X=X;) =

li
A:&!d(x)zdxﬂ, (10)

where lo, do — are the initial length and diameter of the sample; i - is the current length.

From condition (10) for a given current length I; (or elongation Al;) of the sample, we find the minimum
diameter (d.;, )-

For the studied steel grades (30Kh3MFA, 30Kh3MFA after heat treatment, 38Kh2MYUA,

38Kh2MYUA after heat treatment), using the tension diagram, we obtained experimentally - the calculated
points shown in fig. 2.
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Fig. 2. Dependence of the minimum current diameter on the absolute
elongation of the studied steel grades: 1 — 30Kh3MFA, 2 — 30Kh3MFA after heat treatment,
3 - 38Kh2MYUA, 4 — 38Kh2MYUA after heat treatment.

Thus, absolute elongation and minimum diameter correlate fairly accurately. The final dependence can
be determined based on the boundary conditions

d cm _dm AI + dmAI yem _d ('mAI as;
Ao (a1 = G =) T (12)
yem pasp

The intensity of stresses and strains in the supercritical region can be calculated using the formulas

eizlni:ZInd&, (12)

P 4P . (13)

o I 1

' dmin- B 2 dmin-
A 1+ ﬂdmini 1+
8R, 8R,

Thus, the technique for constructing the flow curve is as follows:
1) Pre-determined by appropriate measurements of the value I,, d,, d _, d

yem w

v R,

w

2) We divide the section of neck formation on the machine diagram with the necessary number of
points for plotting, thus setting Al,, and, respectively, P, .

3) According to the formula (11), we determine the current minimum diameter of the sample dmini
and the corresponding intensity of deformations , _,;, %

min;
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If empirical evidence shows that addiction nonlinear, then first calculate the parameter W - under
boundary conditions | d | R, from expression (9) with mandatory control and refinement according to
R

pasp?

w

condition (10). Further, from condition (10), using a computer, for a given Al,, find d,;, .

Comment. Since the last point of the neck formation area is the limiting point at which hypothesis (a)
- is violated, it is the same as the area adjacent to this point. To improve the accuracy when constructing the
flow curve, this section should be excluded from consideration. An analysis of a number of experimental data
shows that the violation of the macrostate of the material occurs already at deformations exceeding
approximately half of the deformation calculated from the diameter of the collapsed neck. Those. the condition

must be met e, < 0,5e,, . Points for which this condition is not met are excluded.

d .
min; (by ei)'
R

4) Using the formula (8), we determine the current ratio

5) Determine the stress intensity using expression (13).

In order to verify the proposed method, flow curves were constructed by testing short cylindrical
specimens for compression (the technique is given, for example, [4,8] and tensile tests. The degree of
deformation was calculated as the arithmetic mean by measuring the height of the sample, the cross-sectional
area, and the change in the size of the square grid applied to the lateral surface of the sample with a pyramid
of a hardness tester. To reduce the effect of friction on the ends of the sample, graphite grease with lead and
brass gaskets was applied. Standard tenfold cylindrical specimens were tested in tension.

The flow curves were approximated by the P. Ludwik function o, = Ae] .

The experimental data used in the calculations are summarized in Table 1. In Fig. 3 shows the plotted
compression and tension flow curves for 2 steel grades. The squares denote the experimental data for
compression, the squares, crossed out with a cross - stable stretching, open circles - stretching at the site of
neck formation. For approximation, the least squares method was used. Based on the above, we can conclude
that the location of the curves is quite close. The insignificant discrepancy can be explained, first of all, by the
influence of friction forces during compression experiments and the approximation of the proposed
hypotheses.

Table 1
Experimental verification of the flow curve construction method
. d., (d, |R w | AMPa n A MPa n A, MPa n
Material 4 “‘
mm compression stretching stretching stable
103,9+ | 0,180 109.142.8 0,169 | 116,3+8 | 0,186
30Kh3MFA | 9,34 | 515 | 8 55| 0,89 +0,01 77| 40,015 ,84 +0,025
95,5%* 96,4%* 95,4%*
152,5+ | 0,069+ 0,056+ | 153,7+1 | 0,058
?n(isrf;il‘\e/ldFA 935 | 67 | 52 | 3,7 | 0,894 | 0,004 153,042,8 0,007 84 +0,003
93,2%* 91,5%* 99,1%*
125,5+ | 0,176+ 122 0,121 | 113,4+2 | 0,096
38Kh2MYuA | 955 | 7,85 | 34 | 7,6 | 1,78 0,014 +3,5 +0,012 ,38 +0,006
88,4%* 95,3%* 99%*
148.8 | 0.131 139,1 0,1034 | 139.6 0.104
38KNZMYUA | 75 | 64 | 34 | 34 | +16 | 0009 | +1,56 | +0,004 | +1,78 | +0,004
improved

90,6%* 98,9%* 99,6%*
* —correlation of the approximating function.
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Fig. 3. Curves of the steels:
A-38Kh2MYUA after heat treatment; B- 30Kh3MFA after heat treatment
(curve 1 - compression, curve 2 - tension)

In order to use the flow curve in calculations of technological processes of metal working by pressure,
it was approximated by the equations:

o, = Ae] (14)
where A, n - are approximation coefficients that have a physical meaning: A =c,ateue,=1,n=¢,,

is the critical deformation at the conditional maximum stress.

To plot the flow curve in the region of large deformations (e.>exp), cylindrical specimens were tested
for compression with dimensions ho = 15mm, do = 10mm.

On the lateral surface of the cylindrical sample, near the cross-section, average in height, four imprints
were made with a diamond pyramid under a load of 300 N. The imprints are positioned so that they form a
rhombus whose diagonals a0 koroporob0 ag~be~1mm coincided with the axial and circumferential directions.
To take into account the uneven distribution of deformations in the circumferential direction, such rhombuses
are applied at four symmetrically located points of the equator.

The sample prepared in this way is upset to various degrees of deformation e, = 0.002; 0.005; 0.01;
0.02; 0.2; 0.4; 0.6; 0.8; 1.0 up to the appearance of visible cracks, which usually occur at the equator of the
lateral surface. The intensity of deformation at degrees of deformation that do not cause barrel formation was
calculated by (2), the intensity of stresses was calculated by formula (1).

At the slightest sign of barrel formation, the accumulated strain rate

T_ 2 |(de, ) de,-de degoj2
e, == 2 it Eha st o BN R (15)
’ «@\/(dd) ds-ds (d§

where parameter 5_ h, —h _ characterizes the stage of deformation of the cylinder, and was calculated

hO
after measuring the height of the cylinder ho, h before and after upsetting.
The calculation of the stress intensity was carried out according to the formula obtained based on the
relations of the deformation theory of plasticity.
According to this theory:

o,—o=0Gg,, (16)
in which the hydrostatic pressure &
o=-0CGeg¢,, because  ©,=0, (17)
here G is the secant modulus of plasticity
G=2%. (18)
3e,
The components of the stress deviator S;, S are equal respectively
S,=0,-0=0G¢,, (19)
S, =0,-0=0G¢g,, (20)
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then the stress tensor components
o,=Ge, +o=Gg,—Gg, =G(g, —¢,). (21)

District stresses
o, =Ge¢, +o0=0G¢,Ge, = G(g(p -&, ) 22)
Therefore, knowing the secant modulus of plasticity G, it is possible to determine all the principal
stresses on the lateral surface of the upsetting cylinder. Wherein

0,=0, :G(g(o—gz), (23)
o,=0,=0, (24)
0, =0, =G(<9Z —g,), (25)

therefore, the stress intensity

1 2 2 2
o, :E\/(O_l _02) +(0'2 - 03) +(0'1 ‘0'3)

. (26)
For isotropic materials with anisotropic hardening, the flow curve is plotted in the coordinates:

equivalent stress — a_u , accumulated strain rate — a . The value a_u is then calculated [2]

— 1+ fle,)
Soe)

u

Q

: (27)
where Ig(eu)zﬂ — is the ratio of the conventional compressive yield strength after stretching the
O,

u

sample to the accumulated strain. Taking into account approximation (14), it is possible to obtain

o, = %(eu) Ae,". (28)
We approximate the function ﬂ(eu) in the form
Ble,)= B, +(1-B,)-expl-100¢, ) (29)

Plotting the Bauschinger curve.

In order to determine the parameter (3, which characterizes the tendency of the studied steels
30Kh3MFA (after improvement), 38Kh2MYUuA (after improvement) to deformation anisotropy, standard
cylindrical specimens with a diameter of do = 10 mm, the length of the working section lo = 110 mm were
made. The samples were stretched to deformations e, = 0.05; 0.08. Then, samples for compression were made
from the pre-stretched samples. The height of the samples is ho = 15mm, the diameter is do = 10mm. Sample
surface cleanliness 5.

_Y%02

The samples were upset to various degrees of deformation e,, and the ratio of the ple.)= o,

conventional compressive yield stress after stretching the sample to the accumulated deformation e, was
calculated.

B B
0.8 0.8

TS TN
| N | N

02— = 02 (o
Iﬂﬂzo.w ""'_1?,::_0__15""
002 004 006 008 010 012 €y 002 004 006 008 010 012 €y
A B

Fig. 4. Dependence of the parameter £ on the preliminary tensile deformation e, of steels:
A- 30Kh3MFA after heat treatment; B- 38Kh2MYUA after heat treatment.
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In fig. 4 shows the dependence of the parameter ﬂ(eu) on the preliminary intensity of deformations

of steels 30Kh3MFA and 38Kh2MYUA after heat treatment. As follows from the presented results, the
parameter S =015 is for the tested steels.

Construction of plasticity diagrams

Along with the considered characteristics of the material, the plasticity diagrams of the indicated steels
were constructed. The technique of their construction is described in works [4, 5]. The diagrams reflect the
dependence of the limiting degree of deformation

_ P .
epzj g,dr, (30)

0

where is the ¢, — intensity of strain rates from the stress state index.

o,+0,+0
— 1 2 3 , (31)
GU
where o,, o,, 05 — principal stresses, 0, — stress intensity.
Pp EP [T TR Qe p—
4 —paE TEOEMY - F e ooy
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Fig. 5. Diagrams of plasticity of steels 30Kh3MFA and 38Kh2MYUA in the state of delivery and
after heat treatment: A - 11 batch of samples, B- I, 11 batch of samples.

In fig. 5 shows the ductility diagrams of steels 30Kh3MFA and 38Kh2MYUA as delivered and after
heat treatment. The experimental data were approximated by the equation [4]

e, =e,(7=0)-exp(- A7), (32)
_p&7=9)
where A; — respectively: e,(7=1), coefficient of sensitivity of plasticity to a change in the stress
—In_SpD)

state diagram in the area of change in the index 1>n>0; & e, (7 =0) - coefficient of sensitivity of plasticity
to a change in the stress state diagram in the area of change in the index 0>n>-1.

Construction of calibration curves.

Completing the formation of the technological passport of the material, calibration graphs of
38Kh2MYUA steel after heat treatment (Fig. 6) were also constructed for seven samples under study in the
coordinates: hardness HV, stress intensity o, nHTeHCHBHOCTB Aedopmarmii Strain rate ey. YkasanHble rpaduku

MIOCTPOEHBI TI0 METOJIMKE, U3IokeHHoW B padore [9]. The indicated graphs are constructed according to the
method described in [9].
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Fig. 6. Graduation charts of 38Kh2MYUA steel
after heat treatment of seven investigated samples.
(e - experiment, == - approximation.)

5. Conclusions
1. Formed a technological passport of the material of alloy steels, from which a pair of piston-
connecting rod of an axial-rotor piston pump is made. The passport is formed in the form of functions - a single

flow curve o,(e,), a plasticity diagram — €, = f(17), a Bauschinger curve — g=fgle,), as well as a

calibration graph AV = (o, e, ).

2.Using the approximation of the neck contour by the Gaussian function in the form (7) at any moment
of the deformation of a cylindrical specimen in the supercritical region, one can relate the main parameters
used in engineering calculations: the minimum specimen diameter, the current specimen diameter with a given
coordinate, and the relative (absolute) elongation and constriction with parameters related to the moment of
sample rupture (relative constriction and relative elongation after rupture, minimum radius of the neck
generatrix, stable deformation). In addition, the elongation and contraction of the sample after fracture are
unambiguously associated. The approximation avoids the inconvenient and relatively expensive video filming
for studying the history of deformation.

3. It has been shown that the effect of heat treatment on the mechanical properties of these steels is not
the same for different stress state schemes. So the yield point of 38Kh2MYUA steel is 20% higher than the
yield point of 30Kh3MFA steel. After so. The t of steel 30Kh3MFA was 20% higher than the t of steel
38Kh2MYUA. The tensile strengths of these steels are close as delivered. After so. The vr of steel 30Kh3MFA
exceeds the vr of steel 38BKh2MYUA by 25%.

4. Characteristics of plasticity & steel 30X3MFA exceed & steel 38Kh2MYUA 1.5 times, y - B 1,26
times. The flow curves of the steels under consideration have the following tendency: so the coefficient of

approximation of the flow curve A (au = Agu”), for 38Kh2MYUA steel in the state of delivery it exceeds its

value in relation to 30Kh3MFA steel by 1.23 times. After heat treatment of these steels, the value of A
increases: for steel 38Kh2MYUA by 1.11 times, for steel 30Kh3MFA by 1.46 times.

5. The results obtained make it possible to control the mechanics of the technological operation of
rolling the piston-connecting rod pair and create a process control mechanism in order to prevent rejects during
the rolling process, which manifests itself in the form of going beyond the tolerance field for the axial clearance
of the piston-connecting rod pair, as well as destruction during rolling of the inner part piston.
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JOCJJIIKEHHSA TEXHOJIOTI'TYHOI'O ITACITIOPTAMATEPHUAJTY
3ATOTOBOK IMOPHIHA I IATYHA AKCIAJIBHO-POTOPHOI'O
MNOPHIHEBOT'O HACOCA

Copmosano mexnono2iunuil nAcnopm mMamepiany 1e208aHux cmaietl, 3 AKUX 6U2OMOBIAI0msb napy
NOpULeHb-WAMYH AKCIANbHO-POMOPHO20 NOPWIHEB020 HAcoca y 6u2iioi QyHKyil: Kpuea meduii, diazpama
niaacmuynocmi, kpusa baywineepa, epadytiosanuil epagik.

Buxopucmogytouu anpoxcumayiio konmypy wutixu @yuxyiero Iaycca ¢ 0y0b-AKUl MOMEHM 4acy
Oepopmyeants YUNIHOPUHHOZO 3PA3KA 8 3AKPUMUYECKOU 001acmi No8'a3ani OCHOBHI napamempu, sKi
BUKOPUCMOBYIOMbCS 8 IHIHCEHEPHUX PO3PAXYHKAX: MIHIMANbHUL Olamemp 3pa3Ka, NOMOYHULL diamemp 3paska
i3 3a0aH010 KOOPOUHAMOI0, IOHOCHE (AOCONIOMHE) NOOOBICEHHS T 36YHCEHHSA 3 NAPaAMEMPAMY, GiOHeceHUMU
00 mMomenmy po3pusy 3paska. Kpim moeo, 00HO3HAUHO N08'A3VI0MbCs GIOHOCHE NOOOBICEHHSL | 36)IICCHHS
3paska nicis pospusy. Anpoxcumayis 0036018€ YHUKHYMU HE3PYUHO20 | w000 00po2oi 8i0eo3iomKu 05
0ocaidicenHst icmopii Oepopmyearns.

Tloxazano, wo 6niue mepmooOPOOKU Ha MEXAHIUHT BIACTNUBOCI 3A3HAUEHUX CINATIEll HEOOHAKOBO OJis
PI3HUX cXeMm Hanpydcero2o cmany. Meoici MiyHocmi 3a3Hauenux cmainell 8 CMaHi NoCmasKy O1U3bKI.

Xapaxmepucmuxu naacmuunocmi cmanu  30X3M®PA  nepesuwyiome niacmuyHicms cmanu
38X2MIOA 6 1,5 pasu. Kpusi meuii pozenanymux cmanei Mae HACMYNHY MeHOeHYilo: max Koegiyicum
anpoxcumayii kpugoi meuii'’y cmanu 38X2MHOA 6 cmani nocmaexu nepesunyye 1o2o 6eutuny no GiOHOUEHHIO
00 cmani 30X3M®A 6 1,23 pasu. Ilicis mepmoobpobxu yux cmanel seiuduna Koepiyienma anpoxcumayii
pocme: y cmani 38X2MIOA ¢ 1,11 pa3z, y cmani 30X3M®PA ¢ 1,46 pa3zu.

Ompumani pesyrvmamu 003601A10Mb YNPAGIAMU MEXAHIKOI MEXHONI02IYHOI onepayii 3aK04y8aHHs.
napu nopuleHb-wamyH i Cmeopumu Mexamism ynpasiinusa npoyecom 3 Memoro 3anobicanis opaxy 6 npoyeci
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3aK0YY8AHHS, AKUU NPOAGIAEMbCA Y QU2IA0I 8UX00Y 3a NOJe 0ONYCKY HO 0Cb08020 3A30pY NApu NOPULeHb-
WamyH, a makooic pyuHy8anHs 8 npoyeci 3aK04y8anHs HYMPIUHbOI YACUHU NOPULHSL.

Kntouoei cnoea: mexuonoziunuii nacnopm, nOpuleHb-WAmMyH, axciaibHO-pOMOPHULL NOPUIHEBUL
Hacoc, Kpusa medii, diaepama niacmuyHocmi, Kpuea baywineepa, epadyiiosanuii epagix.

@. 32. Puc. 6. Taon. 1. JTim. 10.

HNCCIENOBAHUE TEXHOJIOTHYECKOI'O ITACIIOPTA MATEPHUAJIA
3ATOTOBOK NOPIHA U HIATYHAAKCHAJIBHO-POTOPHOI'O
HOPIIHEBOI'O HACOCA

Copmuposan mexnono2uueckuii nNACNOpmM Mamepuand JNe2UpoSanHblX CManeu, u3 KOmMOpbIX
U320MagIUeaom napy NOPULeHb-WamyH akCUuaibHO-pOMoPHO20 NOPUHEB020 HACOCA 8 BUOe PYHKYULL: KPUBAL
meueHus, Ouazpamma nAacmuyHocmu, kpusas baywunzepa, 2padyupogounulii paghux.

Hcnonvzys annpoxcumayuro xkoumypa weuxku @yukyued [aycca 6 mo60l MomeHm 6peMeHU
dehopmuposanusi YUIUHOPULECKO20 00pasya 6 3aKpumu4ecKkol 001acmu cesA3amubl OCHOBHbIE Napamempbl,
UCNOIb3YeMble 8 UHICEHEPHBIX PACYemax. MUHUMATbHLII ouamemp obpazya, meKyuuii ouamemp oopasya c
3A0AHHOL KOOPOUHAMOU, OMHOCUMEeNbHOe (aAOCOMOmMHOoe) YOIUHeHUe U CYxceHue ¢ Napamempami,
OMHECEHHbIMU K MOMeHmy paspuviea obpasya. Kpome mozo, 00HO3HAYHO CEA3bI6AIOMCSA OMHOCUMENbHOE
YOIuHeHue u cysxcenue obpasya nocie paspuléd. Annpoxcumayus no3eonsem uzbedxcamv HeyOOOHOU U
OMHOCUMENLHO 00PO2OCMOAU el BUOEOCLEMKU 0151 UCCIE008aHU UCMOPUU 0ehOPMUPOBAHUSL.

Hokazano, umo enusanue mepmooOpabOmMKu HA MeXAHUYECKUe CEOUCMBEAa YKA3AHHbIX Cmanel
HeOoOUHAKOBO OJiA PA3IUUHBIX CXeM HANPANCEHHO20 cocmoanus. [Ipedenvl npouHocmu yKa3anuvix cmaneil 6
COCMOAHUY NOCMABKYU OIUKU.

Xapaxmepucmuxu nracmuunocmu cmanu 30X3M®DA npesvrwarom niacmuunocmo cmanu 38X2MFOA
6 1,5 pasa. Kpuevie meuenus paccmampugaemvix cmaneu umeem Creoylouyyio meHOeHYulo: makx
Koagpuyuenm annpoxcumayuu Kpusoi mevenus y cmaiu 38X2MIOA 6 cocmosinuu nocmasxku npesvliuaem
e2o genuyuny no omuoweHuro k¥ cmanu 30X3M®DA ¢ 1,23 paza. Ilocne mepmoobpabomku smux cmanet
senuduna koagpuyuenma annpoxcumayuu pacmém: y cmanu 38X2MIOA 6 1,11 pa3, y cmanu 30X3M®DA 6
1,46 pasa.

Tonyuennvie pezynrbmamyl NO3GOJAIOM YNPAGIAMb MEXAHUKOU MEXHON02UYECKOU Onepayuy 3aKamxu
napuvl NOPUIEHbL-WAMYH U CO30aMb MEeXAHU3M YIPAGLeHUs NPOYeccom ¢ yeavio npedomepaujenus opaxa 6
npoyecce 3aKamKu, NPoAGIAIOWE20Cs 6 8Ude 8biIXx00a 3a noie 00NYCKa No 0Ce8OMY 3a30py Napvl NOpUieHb-
WAMYH, a MakKdice paspyuweHus 8 npoyecce 3aKamKy 6HympeHHel Yacmu NOPUIHs.

Knrwouesvie cnosa: mexuonozuyeckuii nacnopm, NOPUEHb-UAMYH, AKCUATbHO-POMOPHBI NOPULIHESbIl
Hacoc, Kpueas meyenus, ouazpamma naacmudnocmu, kpusas baywuneepa, epadyuposounvii epagux.

@. 32. Puc. 6. Taoa. 1. JTum. 10.
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