Ne 3 (98) Bi6bpauii 8 mexHiyi

Muzychuk V.

PhD of Eng., Associate Professor

Vinnytsia National Agrarian
University

Problem statement. In

ma mexHorsoegissx
2020

YAK. 621.774.3
DOI: 10.37128/2306-8744-2020-3-10

STUDY OF THE DEFORMED
STATE CONNECTION OF THE
PISTON WITH THE ROD OF THE
UNREGULATED PISTON PUMP

The technological processes of cold rolling of precision
workpieces and ring parts, rolling of pipes, rolling of piston-
connecting rod axial-rotor piston pump, which are a kind of
processing of metals by pressure and contain changes in the
shape of workpieces according to performing relative to the axis
of the workpiece radial rotational motion. The workpiece can
remain stationary or rotate.

It is shown that by means of technological process of
rolling of pipes, unrolling of preparations various hollow
axisymmetric metal products receive, the specified processes are
combined by the mechanism of deformation, namely: at them two
deformations of compression and one - tension are realized. This
mechanical deformation scheme creates favorable conditions for
plastic deformation, because intercrystalline displacements are
difficult, leading to the violation of mechanical bonds, and plastic
deformation occurs mainly due to intracrystalline displacements.

It is shown that in the process of connecting the piston-
connecting rod in compliance with the process parameters
(output supply pressure, feed rate, leaving time) the value of the
specified gap either exceeds the maximum value or decreases to
the value at which the next operation of the piston-connecting rod
spell.

The deformed state in the technological operation of
rolling the piston-connecting rod pair at different stages of shape
change is studied, the process control mechanism is revealed,
which prevents the defect in the form of deviation from the
regulated gap after rolling between the piston and the connecting
rod.

The used resource of plasticity at different stages of
rolling is calculated, the deformability of the piston workpiece in
the rolling process is estimated.

Keywords: .technological process, connecting rod,
deformed state, used plasticity resource.

unregulated  operation of rolling the piston with the connecting

pumps and hydraulic motors 310.224, which are rod, the main defective feature is the instability of
designed for hydraulic drive of construction, road the axial gap between the connecting rod and the
and municipal vehicles, one of the most important  piston (see Fig. 1). The maximum value of this gap
structural elements is a piston-connecting rod pair.  should not exceed 0.12 mm.

When performing the

technological
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Fig. 1. Drawings of the piston with a rod after roIIing'

In the process of rolling in compliance with the
process parameters (output feed pressure, feed
rate, leaving time) the value of the specified gap
either exceeds the maximum value or decreases
to a value at which in the next operation of the
piston-connecting rod jamming occurs.

Another problem that arises in the
manufacture of piston-connecting rod pairs is
breakage during their operation, in particular, there
is a break in the connecting rod.

Analysis of recent research and
publications. Technological processes of cold
unrolling of precision workpieces and ring parts [1,
2], rolling of pipes [3, 4], rolling of piston-
connecting rod axial-rotor piston pump are a kind
of metal processing by pressure and contain
changes in the shape of workpieces according to
the required shape of the product by periodic
compression of the working bodies, carrying out
relative to the axis of the workpiece radial
rotational motion. The workpiece can remain
stationary or rotate.

By means of technological process of
rolling of pipes, unrolling of preparations receive
various hollow axisymmetric metal products, the
specified processes are combined by the
mechanism of deformation, namely: at them two
deformations of compression and one - tension
are realized. This mechanical deformation scheme
creates favorable conditions for  plastic
deformation, because intercrystalline
displacements are difficult, leading to the violation
of mechanical bonds, and plastic deformation

occurs mainly due to intracrystalline
displacements.
Rolling is a high-speed high-precision

method of manufacturing parts of constant and
variable cross section from simple source blanks.
The rolling process is reduced to a plastic
change of shape by moving metal particles. This
reduces the cross section and the corresponding
elongation of the workpiece by moving the metal
along the axis in two opposite directions. The use
of rolling as a method of processing is possible for
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materials that are not only subject to significant
plastic deformation, but also have fragility. Cold
drawn or calibrated steel is used as blanks. When
rolling, the volume is preserved, the strength of the
metal increases, at the same time, as when
machining metals by cutting, there is a decrease in
the initial volume, as well as deterioration of the
original quality of the metal due to fiber cutting.

Cold deformation that occurs during
rolling, significantly affects the change in physical
and mechanical properties of the metal. All
indicators of resistance to deformation increase.
This is due to the strengthening, which increases
the shear strength and, consequently, increases
all the mechanical characteristics.

Of great practical importance is the nature
of changes in mechanical characteristics
depending on the degree of rolling:

2 2
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The limit of hardening for carbon steels
subjected to rolling, as shown by experimental
studies, occurs at degrees of deformation of 40-
50%. The hardness increases unevenly
throughout the cross section. A more uniform
distribution of hardness is observed at the degree
of deformation q = 45-50%, and less at q = 10-
30% and q = 65-80%. At q = 45% the value of
hardness in the center of the section is less than
that of the surface layers. When g = 50% the value
of hardness in the Central layers is close to the
hardness of the surface layers. At this degree of
rolling, the cross-sectional hardness of the sample
is distributed most evenly, its values determine the
average resistance of the metal to plastic
deformation in small areas.

When rolling, it is necessary to strive for
minimal inhomogeneity of deformations, because
the deformation gradient increases the average
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specific force and reduces ductility, which can lead
to premature failure and creates residual stresses
in the deformed product.

We will note that the assessment of
deformability of preparations at rolling was
practically not carried out that causes need of
research of this parameter of quality of
preparations.

An effective way to obtain axisymmetric
products from tubular workpieces is rolling with a
friction tool, when from its deformation force is
transmitted to the deformed metal in the process
of sliding the metal relative to the tool [4]. Rolling
with a friction tool differs from rolling with a roller in
that the whole process of deformation up to the
closing of the workpiece walls is carried out in one
pass of the tool.

In fig. In Fig. 2 shows diagrams of rolling
tubular workpieces with a friction tool. All these
schemes are implemented in separate designs of
rolling machines.

Rolling (Fig. 2, a) is used in the production
of seamless gas cylinders: tubular workpiece 1
with heated to the forging temperature end is
rotated around its axis O - O; at the same time tool
2 - rotation of 900 around the axis perpendicular to
the axis of the workpiece. The created local
pressure of the tool on metal provides deformation
of preparation to the profile set by the tool.

ma mexHorsoegissx
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Deformation occurs in the process of friction -
sliding between the tool and the workpiece.

Rolling (Fig. 2, b) is easily carried out on
lathes, which consists in the following: the tubular
workpiece, the end of which is heated to the
forging temperature, report the rotational motion
around its axis. Simultaneously, the tool 3 is given
a translational movement in the direction
perpendicular to the axis of rotation of the
workpiece, so that the workpiece is deformed to a
given shape.

Rolling (Fig. 2, c) is carried out by turning
the tool 4 by 3600 relative to the axis O - 0, the
parallel axis of rotation of the workpiece.

Each of the given and possible kinematic
schemes of process of rolling has the features
considering at development of technological
processes and designing of the equipment.

Currently developed and used in the
rolling industry with different options for mutual
movement of the tool and the workpiece, which
greatly expands its technological capabilities (Fig.
3).

The tool in all cases is calibrated so that at
the given movement concerning the rotating
tubular preparation, its section at smooth transition
corresponds to the set forms forming a rolling
preparation.
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Fig. 2. Scheme of rolling of tubular blanks:1 - blank; 2 - 4 - tools.

The purpose of the study. The actual
work is devoted to the study of the deformed state
in the technological operation of rolling the piston-
connecting rod pair at different stages of
deformation, in order to identify the process control
mechanism that prevents failure in the form of
deviation from the regulated gap after rolling
between piston and connecting rod.

It is also of practical interest to identify the
used plasticity resource at different stages of
rolling, in other words, the assessment of the
deformability of the piston workpiece during rolling.

Presentation of the main material. To
solve this goal, it is necessary to determine the
stress-strain state of the piston-rod workpiece
during their rolling at the stages of shape change
until the final geometry (Fig. 1 (1)).

The study of the mechanics of deformation
during rolling was performed experimentally.
Seven piston-rod blanks were made, and a 1 mm
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dividing mesh base was applied to the inner
surface of the piston before rolling with a specially
sharpened sharp cutter. The grid was applied both
in the longitudinal and in the circumferential
directions. Then the workpiece was subjected to
rolling, the parameter of which is taken:

_D-d
2

m 2

where D- is the diameter of the piston before
rolling, d- is the minimum diameter of the piston
after rolling, t- is the wall thickness of the piston.
The parameter m characterizes the degree of
deformation of the piston workpiece as a whole.
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Fig. 3. Axisymmetric parts and products obtained by rolling pipes

Table 1 shows the modes of deformation
of the seven workpieces, which studied the stress-

strain state in the process of rolling the piston with
a connecting rod.

Table 1

Modes of rolling of preparations of the piston with a connecting rod
Ne Rolling parameters Note
sample
1 0,24 Rolling with a connecting rod, without pauses
2 0,51 Rolling with a connecting rod, without pauses
3 0,64 Rolling with a connecting rod, pause 3 s
4 0,65 Rolling with a connecting rod, pause 3 s
5 0,62 Rolling with a connecting rod, pause 3 s
6 0,63 Rolling with a connecting rod, pause 3 s
7 0,49 Rolling without connecting rod
After deformation according to these on all seven piston blanks using a calibration

modes, the piston blanks were cut along the
meridional section, the resulting surface was
ground and polished.

Then in the meridional section of the
piston blank was measured Vickers hardness at
30-40 points under a load of 50 Newtons.
Previously built a calibration graph of steel
38H2MYUA after heat treatment, which is used to
make piston blanks, in the coordinates: hardness

HV, stress intensity - O, , strain intensity - €, ,
according to the method described in po6orTi [5].

Isolines 0, = const, €, = const were constructed
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graph on the hardness isosclasses of the piston
blank.

The components of the logarithmic strain
tensor at different stages of rolling were calculated
by the formulas:

Z.

e, =In— -
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In the relations (3), 4), (5) - €m ., €0,

€, - respectively, the meridional, circumferential

and radial components of the tensor ZO , Zi

the distance between the nodes of the dividing grid
in the meridional direction of the piston workpiece

before and after deformation; dO, di-

diameters of the inner surface of the meridional
section before and after deformation. These
distances were measured on an instrument
microscope with an accuracy of £0.01 mm.

In fig. In Fig. 4 shows the distribution of
logarithmic deformations at seven stages of
deformation of the piston blanks after rolling, in its
inner cavity.

Z,m

24 \\
A\

\ €nt € €3 €
B N —F—F—
5 €s | G

\ €
) ) —
N
/ —

3 Z—
0 0l 02 03 04 05 @

Fig. 4. Distribution of the main
logarithmic deformation in the longitudinal
direction of the piston after rolling (internal

cavity)

As follows from the results, the maximum

value €,, varies from em :025 to

€, = 055 Note that in 3 and 4, 5 and 7

stages of rolling, the average value of the
maximum deformation in the inner cavity of the
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workpiece of the rolling piston is, while in 1, 2 and

6 stages, € =0.475 this value is equal to

0.42.

Circumferential (tangential) deformations
on the inner surface of the cavity of the piston
workpiece change during rolling in the above

stages within the following limits: €, = —0.07 ,

to e¢=—0-3. The average value of the

circumferential deformation ego reaches 3, 4, 5

€p = —0.28 , while at 1, 2, and
e, =—0.19

This circumstance is due to the different
initial hardness of the piston blanks. In fig. In Fig. 4
shows the change in the initial hardness of the
piston blanks from the sample number. Thus,

samples 1, 2 and 6 were subjected m; =0.24,

and 7 stages

6 this value is equal to

my, =0.51 and mg =0.631t0 rolling parameters,
and had a hardness of (HV)1 =230MPa,

(HV), =234MPa  i(HV); =233  MPa,
respectively, and samples 3, 4, 5 and 7 were
subjected m3 =0.64, m, =0.65 ms5=0.62

and my; =0.49 to rolling parameters, and had a
(HV), =211MPa,
(HV); =218MPa |

hardness of
(HV), =206 MPa,

(HV), =212 MPa.

For the whole deformation process, this
fact means that a harder material when rolled
shows less deformation in the axial and
circumferential directions than a softer one. The
flow limit, for example of a material having a

hardness (HV)O = 206 + 212 MPa is in the range
Oy, = 62 + 64.5MPa. The flow limit of a material
having a hardness (HV)O = 218 + 234MPa is in

the range O(y,= 65 + 70MPa. The maximum

divergence of the flow boundary is about 13%.
This discrepancy leads to the instability of the
geometry of the piston and connecting rod blanks
during their rolling.

The stress state during rolling was
determined according to the method described in
[7]. It involves determining the intensity of stress
and strain by hardness using the engineering
method [6]. When rolling the piston-rod, the
dangerous area of deformation is the outer area in
the vicinity of the action of the sunset roller. At the
dangerous points, the contact stresses, the
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components of the stress tensor, the accumulated
intensity of deformation, as well as the stress n= 01+0, 03
index were calculated. o , (7

u

where 0y, 0,, O3, - main stresses, 0, -
stress intensity.
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Fig. 5. The dependence of the initial hardness HVO of the piston blanks
on the sample number

For the investigated material (steel accumulated intensity of deformations up to the
38X2MIOA) the diagram of plasticity in coordinates ~ moment of fracture.

€,=f(m), is €p- constructed, where is the
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Fig. 6. Ways of deformation of dangerous points in the process of rolling the piston-connecting
rod pair and the diagram of plasticity of steel 38X2MIOA

In Fig. 6 shows part of the diagram of the used resource of plasticity used
plasticity within the change of the index 1 1.5>mn  phenomenological criterion of failure, which takes
> 0.25, in the same figure for the dangerous points  into account the rate of change of the stress state
of the plastic region shows the ways of d’?/ deu [8]

deformation of material particles during rolling in

the coordinates €, =f(n). Each of the ways of The criterion has the form

deformation has its own curvature, so to determine
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d?] Cu de,
W= 1+ a-arctg —<1
deu [ ( )]1+a-arctg77 ' (®)
0 €p n de,
where the constant 8=0.2, A "direction the used resource of plasticity v = 1.

€y

of deformation”, ep (77) diagram of plasticity,

e

u - accumulated intensity of deformation,

*

€u - ultimate deformation, which corresponds to

The results of the calculation of the value
of ¥ using criterion (8) are given in table 2, from
which it follows that at dangerous points on the
outer surface, the plasticity resource ¥ is close to
unity. On the inner surface of the piston plane, the
value of the used plasticity resource is significantly
less than one (0,44 > y >0,22).

Table 2
The value of the used resource of plasticity in the most dangerous
areas of deformation
Punctum 6 9 12 15 24 27
v 1,1 1,05 0,95 0,98 0,97 1,04
Punctum 4 7 10 13 22 25
v 0,22 0,3 0,32 0,4 0,44 0,42

Conclusions.

1. The kinematics of deformation during
the operation of rolling a pair of piston-rod
workpieces is studied. Using the dividing grid, all
components of the logarithmic deformation tensor
in the inner cavity of the piston blank at different
stages of shape change, as well as on its outer
surface, are calculated.

2. It is shown that at the increased
hardness of the steel piston workpiece 38X2MIOA
(after heat treatment) the circumferential and
meridional deformations in the inner cavity of the
piston are smaller in comparison with the
deformations in the workpieces made of softer
steel. Deviation of maximum deformations:
respectively circumferential by 20%, meridional by
13% for mild and hard steel (their hardness
differed by 13%) leads to unstable filling of the
piston cavity, which causes an increase in the gap
between the connecting rod head and the piston.

3. To eliminate the defect associated with
the deviation from the regulated gap between the
workpieces of the piston and connecting rod when
they are rolled, it is necessary to discard the
workpieces of the piston and connecting rod on
hardness. At the set regulated or reduced
numbers of hardness of preparations of the piston
the stable backlash is guaranteed at observance
of other modes of deformation. In case of increase
in number of hardness of preparations of the
piston it is necessary to carry out process of rolling
by a roller which geometry differs from the set.

4. The process of rolling the piston-rod
blanks is carried out in the "hard" area of change
of the stress state. On the outer surface of the

piston workpiece used plasticity resource close to
unity, on the inner

surface of the cavity of the piston workpiece
plasticity resource ¥ less than one, which provides
a margin of plasticity in this operation.
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MCCNEOQOBAHUE OE®OPMUPOBAHHOIO
COCTOAHUA COEOUHEHUA NOPLUHA C
LUATYHOM HEPEIYJIMPYEMOI'O
NOPLUHEBOIO HACOCA

B paboTe paccMoTpeHbl TeXHoNornyeckme
npoLeccbl XONOAHOW packaTkM MPEeLM3NOHHbIX
3aroToBOK M KOMbLIEBbIX AeTanen, obkaTbiBaHue
TpyO, 3akaTblBaHMe napbl  MNOpLIEHb-LIATYH
aKkcuarnbHO-POTOPHOro MOpLUHEBOro Hacoca,
KoTopble npeacTaensloT cobol pasHOBUOHOCTb
00paboTkn MeTannoB [OaBNeHWEM W copepxaT
n3MeHeHne OpMbl 3aroTOBOK B COOTBETCTBUM C
HeoOXOAMMbIMU  OYEPTAHUSIMU  U3OENUS  MyTeM
nepuoauyeckoro obxatus paboyMmu opraHamu,
OCYLLECTBMSAOLWMMMU OTHOCUTENBHO OCU 3aroTOBKM

paguanbHoe BpallaTenbHoe OBWKEHMe.
3arotoBka nNpu  3TOM  MOXET  OCTaBaTbCsl
HEeMOABWKHOW, WM  Jdenatb  BpallaTesribHoe
OBUXeHue.

lNokasaHo, 4yTo c NMOMOLLIbIO

TEXHOSOrM4YecKoro npouecca obkatbiBaHWe Tpyo,

ma mexHorsoegissx
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packaTku 3aroToBOK MOJSyyalT pasfnnyHble NycTble
OCeCMMMETPUYHOIoO MeTU3hbl, yKaSaHHbIe
npouecchl covyeTatwoLme MeXxaHU3Mbl
Jedopmaunmm, a UMEHHO: B HUX peanu3yeTcs OBe
pedopmMauun cCxatms U ogHa - pacTsKeHus.
Takas  MexaHudeckass cxema gedopmauyummn
co3paet 6J'IaFOI'IpI/IF|THbIe yCJ'IOBI/Iﬂ and
nnacTn4eckomn nedopmauun, Tak Kak
3aTpyaHstoTCA MEXKPUCTanNMYHbIe CcABUIN,
NPUBOASLLNE K HAPYLUEHUIO MEXaHUYECKUX CBS3El
U nnactudeckas gedopmaumss npoTekaeT B
OCHOBHOM 3a CYEeT BHYTPUKPUCTAINIMYECKUX
OMON3HEN.

lMokasaHo, 4YTO B npouecce coeauHeHust
napbl nopLueHb-waTyH npwu cobnogeHun
napameTpoB npouecca (BbIXoAHOE [aBrneHue
nogayun, CKOpOCTb nogayun, BpeMﬂ BleE)KVIBaHI/IFl)
BeTMYNHa yKaSaHHOFO 3a3opa nnn I'IpeBbILIJaeT
MaKCUMarbHYK BENNYUMHY, MO0 yMeHbLluaeTcs 4o
3HadeHus, NpyM KOTOpOM B crnegywouwen paboThbl
napbl nopLUeHb-LaTyH npouncxoauT
3aKNUHMBaHUA.

B paboTte wu3ydeHo paedopMmpoBaHHOE
COCTOsSlHME B TEXHONOIMMYEeCKonm  ornepauuun
3aKaTblBaHMA Mapbl MOPLUEHb-LIATyH Ha pasHbIX
cTagnax q)opmomsmeHeva, BbidBJ1IEH MEeXaHU3M
ynpasneHuda npoueccom, KOTOPbIN
npefoTBpallaeT HeAOCTaTOK B BMAE OTKITOHEHUS

OT  pernaMeHTMpOBaHHOrO  3asopa  nocrne
3aKaTbIBaHUA MEXOY MOPLIHEM U LLATYHOM.

PaccuntaH  WcCMonb3oBaHblii  pecypc
NNacTUYHOCTM Ha pasnnyHbIX cTagusax
3aKaTblBaHUS, npoBefeHa oLieHKa
nedopMMPYEMOCTM  3arOoTOBKM  MOPLUHA B
npouecce 3akaTbiBaHUS.

Knioveenie crnoea:  mexHomoaudHUll
fpouecc, nopweHs-wamyH, 0eghopMuUpPO8aHHOE
cocmosiHue, UCnonb308aHHbI pecypc
nnacmuyHocmu

OOCHNIAXXEHHA OE®OPMOBAHOIO CTAHY
3'€AHAHHA NOPLWUHA 3 LUATYHOM
HEPEYnbOBAHOIO NOPLUHEBOI'O
HACOCA

B poboTi  po3rmsHYTO  TEXHOMOriYHi
NpoLEecu XONOAHOIO PO3KOYYBAHHA MPEeuunsinHuX
3aroTOBOK i KinbLeBMX pgeTanen, o6Ko4yBaHHS
TpyO, 3aKkoyyBaHHs  Mapu  MOPLUEHb-LUATYH
aKCianbHO-POTOPHOrO MOPLUHEBOrO Hacoca, SKi

ABNATL  CcOo0OOK  pisHOBMA 06pobkM meTanis
TUCKOM | MICTATb 3MiHW opMn  3aroToBOK
BignoBigHO [0 HeobxigHMx o06puciB  BMPOOY

LWNSXOM nepiognyHoro OOTUCHEHHST pobovnmMmn
opraHamu, 34iACHIORYUMM LOAO OCi 3aroTOBKU
pagianbHui obepTanbHU pyx. 3aroToBka npwu

UbOMY MOXe 3anuwaTtucs Hepyxomot, abo
pobuTn obepTanbHU pyx.

Moka3saHo, o 3a [0MoOMOror
TEXHOMOriYHoro npouecy o6koyyBaHHS  Tpyo,
pPO3KOYYyBaHHA  3aroTOBOK  OAEPXYKTb  Pi3Hi
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MOPOXXHi 0CECUMMETPUYHI mMeTanosupobu,
3a3HaveHi npotiecu noegHye MeXxaHi3m
aedopmadii, a came: y HuX peanidyetbCsi [ABi
aedopmadii ctucky i ogHa — postary. Taka
MexaHi4yHa cxema nedopmadii CTBOpIOE
CNpUATNUBI YMOBU AN NnacTuyHoi aedhopmadii,
TOMY LU0 YTPYAHSOTLCA MDKKPUCTaniyHi 3CyBM, LLO
npUBOAATbL OO0 MOPYLUEHHS MEXaHiYHMX 3B'A3KiB, i
nnactnyHa gedopmadis NpoTikae B OCHOBHOMY 3a
pPaxyHOK BHYTPILLHbOKPUCTaMNIYHNX 3CYBIB.

ma mexHorsoegissx
2020

MOpLUEHb-LIATYH BiaOYyBaETLCHA 3aKNMHEHHS.

B po6oTi BuBYeHO oedopMOBaHUN CTaH B
TEXHOMOrYHIA  onepauii  3ako4yyBaHHA  napu
NnopLUEHb-LLIATYH Ha pi3HUX cTagiax opMO3MiHW,
BUSIBMIEHO MEXaHi3M KepyBaHHS MNpOLEecoM, LLO
3anobirae Gpak y BuAai  BigXxuneHHa  Big
pernaMmeHTOBaHOro 3a30py Micrs 3akovyBaHHSA MiX
MOPLUHEM i LUATYHOM.

PospaxoBaHO  BMKOpPUCTaHUM  pecypc
NNacTUYHOCTI Ha PI3HMX CTadigx 3aKo4vyBaHHS,

lMokasaHo, WO y npoueci 3’edHaHHA napu  npoBefeHa oOuiHKa AedOopMyeEMOCTI 3aroTOBKU

noplueHb-lWaTyH Mpu  AOTPUMAHHI NapamMeTpiB  MOPLUHS B MPOLIEC 3aKOYYBaHHS.

npouecy (BMXiHWW TWUCK noAadi, LWBWAKICTb Knroyoei crioga: mexHornoziyHul rpouyec,
nogaui, yac BUXO>KYBaHHS) BENMYMHA  MOPWEHb-WamyH, OeghopmosaHuli cman,
3a3Ha4YeHoro 3a3opy abo nepeBuLLlYE  8UKOpUCMaHUU pecypc rnnacmuyHocmi

MaKkCUMarnbHy BenuyuHy, abo 3MeHLIYeTbCH [0
3HAYeHHs, MpW KM Yy HaCTynHin poboTi napu
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