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SIMULATION OF THE DISTRIBUTION OF THE WORKING LOADS OF THE CRANK-
SHAFT AND THE TECHNOLOGY OF STRENGTHENING FRICTION SURFACES

MOJAEJIOBAHHSA PO3ITIOALTY POBOYOI'O HABAHTAKEHHSA KOJTHYATOI'O BAJIA
TA TEXHOJIOI'TI 3SMIIIHEHHSI IOBEPXOHb TEPTS

The durability and reliability of vehicles, parts and mechanisms depend on many factors, and
the main one is the quality of each individual part. As defined in many information sources [1, 2],
quality indicators have a multidirectional, complex composition — from material, chemical composi-
tion, micro and macrostructure, technologies, processing modes, surface layer condition, etc. to phys-
ical and mechanical properties. In the modern production of machine-building parts, it is necessary to
take into account the steady increase in loads (speed, temperature, aggressive environment) on the
mechanisms and parts that make up the entire machine-building product. In recent years, differen-
tiated or combined treatments of the surface layer of parts have become widespread, contributing to
the emergence of gradients in the structural-phase state, and, accordingly, to the uneven structure of
the material.

Keywords: modeling, physico-chemical processes, structural-phase state, combined treat-
ments, strengthening parts, hardening treatment technology.

Jloseosiunicmo i HaOdilinicmb pobomu asmomobinie, demaneti i MexaHizmie 3anexicams 6io0 Oa-
2ambox (Paxmopie i OCHOBHUM 3 HUX € AKICMb KONHCHOI okpemoi Oemani. AK suznauanocs y 6azamvox
iHGhopmayiiinux Odcepenax, NOKAZHUKU IKOCMI Maomb 6a2amo8eKmopHUil, KOMAIEKCHUN CKAA0 — 6i0
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mamepiany, XiMIUHO20 CKAAOY, MIKpO | MAKpOCMPYKMYpU, MEXHOAO02IU, pedlcumie oOpoOKu, cmawny
no8epxHego2o wiapy i m.n. 00 Qizuxo mexaniunux eracmugocmeil. B cyyacrnomy eupoonuymsei dema-
netl MAuUHOOYOi6HO20 KOMNIEKCY HeOOXIOHO 6paxosyeamu He VKIiHHe 3POCMAHHA HABAHINAIICEHb
(wsuoKicms, memnepamypa, azpecusHe cepedosulye) Ha MexXanizmu i 0emai, wo CKa1aoaoms YiibHull
nPOOYKM MAUUHOOYOIBHO20 NPUSHAUEHHSL.

B ocmanni yacu nabynu nowupene sukopucmarus ougepenyitlosani abo Komoinosani oopoo-
KU NOBEPXHeB020 wapy 0emanel, Wo CHpusomy SUHUKHEHHIO 2padicumie cmpykmypHo — (a3zo6020
cmawy, a 8i0n0GioHo 1 HepigHOMIpHOI cmpykmypu mamepiany. IIpu nHeobXionocmi cymmego2o 3miy-
HEHHsl NOBEPXHEB020 wlapy i meepoocmi Mamepianiy HeoOXiOHO NonepeoHbo Npo8oOUmuU 0OPOOKY Ol
ompuUManHs 8iOn0GioHUxX cmpykmyp (mMapmencumy, kap6iois, nimpudis, 6opudie ma m.in.), wjo 3a6e3-
neyye 3a0aHi 81ACMUBOCHII.

s oyinku cmauy nogepxnesoco wapy oemadet iz cmani 45 HeobxioHo ypaxysamu HAcmynHi
axmopu: eeomempuyHi napamempu po3mipie, WOPCMKICMb NOBEPXHI demai, MIKpOCMPYKmMypy i
meepoicms 3HOUWEHUX NOBEPXHEBUX UUAPIB.

Knrwouoei cnoea: mooenosanus, (izuxko-ximiuni npoyecu, cmpyKmypHo-(azosuti ckiaod, Kom-
OiH0BaHT 00POOKU, 3MIYHEHHI NOBEPXHI, 3MIYHIOIOUU MEN08i 0OPOOKU.

Problem’s Formulation

If it is necessary to significantly strengthen the surface layer and harden the material, it is ne-
cessary to pretreat it to obtain the appropriate structures (martensite, carbides, nitrides, borides, etc.)
that provide the specified properties. To assess the condition of the surface layer of 45 steel parts, the
following factors must be taken into account: geometric dimensional parameters, surface roughness of
the part, microstructure and hardness of the worn surface layers [1, 2]. One of the main components
for determining the real loads on a part is the objective distribution of operating loads (a set of torques
and force loads on each local fragment of the part), which is shown in Fig. 1.

P
-

Fig. 1. Load diagram of the camshaft: 1 —shank; 2— bearing; 3— shaft; 4 — counter weight;
5— flange; 6 — main shaft journal; 7 — connecting rod journal

Hence, by differentiation, we find the torque equation

M (x,t) =D M, (0)cosr,x-sinw,t.
n=1
Analysis of recent research and publications
A shaft with a mass moment of inertia of unit rod length | has a disk whose mass moment of
inertia is lo. The shaft rotates with a constant angular velocity ¢, and is suddenly clamped at the left
end. Calculate the dynamic bending moment.



144 Marematnutne monesroBanHs Ne 2(49) 2023

The boundary condition on the right end of the shaft requires the equality of the torque of the
external forces M(l) = M,(0)cosrl of the moment of inertia of the disk mass

Gl
M, =—l,¢(1) = l,0’p(l) = Iorz—p-Mé—fo)sin rl = EAsin A,
r

I p
were &=l /11, A=rl.
From this equality comes frequency control

EL
Knowing your own functions
X(x)=sinrx, X’(x)=rcosrx, X’()=&r?X(l).
Based on the dependence, we get:

(12 =12 ] X, (X, (x)dx =

= X, (X, () =X, ()X, (1) = =(r] = r)EX () X, (1).
This shows that the eigenfunctions are orthogonal to the weight and are defined as
p(x)=1+<&15(x—1).
Now consider the initial condition ¢(x,0)=¢@0(1-e(—x)), which means that the initial speed of
rotation of the shaft is constant everywhere, except for the section x = I.

2r|j X2(x)dx = rl(X2(1) +(X '(1))2) = X )X ‘(1) = rl(L+E222 —&) X2 (1),

|
j X 2(x)dx = IE(1+ E2A2 = EYX ().
0
The initial condition takes the form
cha)nxn =@ (1_6(_)())'
n=1

We multiply this equality by the eigenfunction Xy, weight p(x) and integrate along the length
of the shaft

annj‘(1+ Slo(x=1) X, (x- X, (x)dx =¢Oj(l—e(—x))(1+ clo(x=1)) X, (x)dx,

cos A, —1}

n

|
C.o, j X 2(x)dx + §IX§(I)} =@, = [a sin A, —
0
Using the partial equation, from where cosl = &rlsin, and the integral, we get
|
[ X2 (x)dx,
0

the dependence from which we find constant integrations
I

2
annDn:(DOZ’
|
C, =0, 2 221 2 =2(poz 1-2 '
o, A, I1+&E°A°+&)sin” 4, CAs 1+ &sin” A,

c=. G, /I.

This is how we get the equation for the angles of rotation of the shaft

ol & sinr x-sino,t
X, t)=2 - .
o (1) c ;if(l+53|nzin)
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Hence, by differentiation, we find the torque equation

. = COST X-Sinao,t
M, (x,t) = Gl,0'(x,t) = 29, [IGI - > A (L+&sin? )
n=1 /tn n

Presentation of the main material

For medium-carbon ferritic-pearlite steels, the carbon content or the amount of pearlite in the
structure is the main factor in the change in strength and plasticity. An increase in the carbon content
reduces the impact viscosity and increases the temperature of the visco-brittle state. The most attrac-
tive properties are medium-carbon and medium-alloy steels (0.3—0.5 % C; ¢ 0.2 =700...850 MPa,
oV =900—1100 MPa) [5]. These steels are characterized by increased strength properties, low sensi-
tivity to stress concentrators, high durability and sufficient viscosity. High-strength medium-alloyed
steels with a C content of 0.4 % provide ov = 2100 MPa [6—38]. Indicators of physical and mechanical
properties have their own dimensions and are characterized by the corresponding physical processes.
There was a need to bring indicators to a single measurement and evaluation base (Fig. 2). A universal
indicator for evaluating multidimensional indicators is a percentage ratio. Thus, measurements of, for
example, boron coatings, microhardness on the surface of the hardened part to the core, will vary from
the maximum to the nominal value that can be taken, respectively — Nmax — 100 %, Ncer — 80 %,
Nmin — 60 %, under the actual measurement condition — Nmax = 16000 MPa; Nser = 12000 MPa;
Nmin = 8000 MPa. We also use similar assumptions for other indicators (E (MPa), Kp, ov (MPa), ot
(MPa), CSU (J/cm2), o (%), ¥( %).

Fig. 2. Microstructure of the surface layer of steel 45 after hardening treatment technology

Summarizing the differences in percentage size allows you to build a generalized model of the
composition of physical and mechanical properties for each method of strengthening parts and high-
light the optimal balance of component characteristics (Fig. 3) [8—9].

An analysis of the existing technological methods of strengthening the surface layer of the part was
carried out. The dynamics of the transformation of the microstructure during the implementation of a
number of technological methods of strengthening have been studied. A graphical model of the depen-
dence of the hardness of the surface layer of steel 45 on the technology of strengthening treatment was
developed.

Conclusions
A mathematical model of the load of the crankshaft was obtained, which allows to take into
account the complex of real loads with high accuracy, to determine the optimal method and processing
technology to increase wear resistance, as well as the graphical dependence of the complex of physical
and mechanical properties of materials based on strengthening methods.
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Fig. 3. Graphical dependence of the complex of physical and mechanical properties of the
material on the methods of hardening
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