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Abstract

Valve guides are crucial for maintaining proper alignment, positioning, and valve stem clearance as it
moves in the cylinder head. Valve bushings are subjected to load and sliding friction; with excessive wear of the
guides, the engine begins to consume oil and the valve mechanism becomes noisy. This paper proposes the use of
a special knurling to restore and increase the wear resistance of guide bushings. The profile tool is designed to
restore valve guides by rolling a spiral groove on the inner surface of the sleeve. After applying this technology, a
spiral oil-retaining profile remains on the surface of the sleeve bore. . Using the Solid model, the effect of changing
the geometry of the guide bore by the lubricating grooves on the maximum and average stress indices in the guide-
valve contact was analyzed. It was found that the maximum stresses of the model with grooves are lower than
those of the model with a smooth guide surface. Based on the finite element model, the durability of the valve-
guide pair with oil-retaining grooves was analyzed and it was determined how many cycles the contact surface of
the guide can withstand. It was established that by reducing the contact pressure, the actual resource of the guide
with grooves increased.

Keywords: guide bushing, valve, lubricating grooves, finite element analysis, contact pressure, resource.
Introduction

Valve guides, which are critical for maintaining proper alignment, positioning, and clearance of the valve
stem as it travels within the cylinder head, are typically made of materials that provide high wear resistance and
improved thermal conductivity. Valve bushings are subject to friction loads. Lateral forces act on the valve stem
caused by changes in geometry in the valve mechanism, wear of the rocker cam or rocker arm. When the guides
are heavily worn, the engine begins to consume oil and increased noise of the valve mechanism appears. This
applies to both the intake tract (vacuum in the cylinder) and the exhaust tract (Venturi effect).

In this work, the use of a special knurling tool is proposed to restore and increase the wear resistance of
guide bushings. The tool is designed to restore valve guides by rolling a spiral groove on the inner surface of the
sleeve. After applying this technology, a spiral oil-retaining profile remains on the surface of the sleeve hole,
which:

* increases the oil capacity of the surface, and therefore, improves the lubrication conditions in the friction
pair "valve-guide";

« creates a gas labyrinth seal in the connection, which prevents oil from entering the combustion chamber;

« strengthens the surface of the sleeve hole due to surface sealing (hardening effect).

The creation and study of the tribological properties of the lubricating profile on the inner surface of
cylindrical sliding guides has been given attention in scientific papers [1-9].

In this work, computer modeling of the performance of a valve guide with spiral grooves was carried out
using the lubricity criterion.

The geometry of the oil retaining profile and the lubricity of the profile
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Let's analyze the effect of changing the geometry with lubrication grooves of the guide hole on the
indicators and . Using the method of extrusion of the body of the solid model, we draw a channel with a width of
1.5 mm and a depth of 0.05 mm in steps of 3 mm (Fig. 1).0naxCave
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Fig. 1. Solid model of a guide with channels: a, b) guide separately and assembled with a valve; d)
cross section of the guide

The gap between the valve flap and the guide remains uniform and unchanged relative to the boundary
conditions of the previous modes: 0.03358 mm in the lower points of the spiral (protrusions) and increased by 0.05
mm in the upper ones (channel depressions).

Consider the hypothesis that the presence of channels in the valve guide improves the lubrication regime,
thereby reducing the coefficient of friction between the valve stem and the guide.p,,

Factors of the lubricity of the oil-retaining profile of the grooves:

-Improved oil flow: channels in the guide can improve oil distribution and flow, increasing the formation
of a lubricating film between surfaces.

-Hydrodynamic lubrication: Improved oil flow can change the lubrication regime from marginal or mixed
lubrication to hydrodynamic lubrication, where a full film of lubricant separates the contact surfaces, greatly
reducing friction.

-Reduced metal-to-metal contact: Channels help maintain a continuous oil film by reducing direct metal-
to-metal contact, thus reducing the coefficient of friction.

The Reynolds equation describes the pressure distribution in a thin film of oil between two surfaces. For a
simplified one-dimensional flow in the presence of channels, this can be expressed as:

(' 5) = 6US,

where: — film thickness, mm; — pressure in the film, Pa; — dynamic oil viscosity, Pa-s; — relative speed
between surfaces, m/s; — spatial coordinate along the length of the contact, mm.hppUx
The force of friction () in the hydrodynamic mode of lubrication can be estimated using:Fy

pUA

Ff=TA= e
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where: — shear stress in oil, Pa; — contact area, m2;TA
The coefficient of friction is determined by the ratio of the force of friction to the normal load (): F¢

Ff I.lUA

M R

For a typical guide without channels, the film thickness can be less uniform and thinner, resulting in more
friction due to more frequent metal-to-metal contact.h

For a guide with channels, the film thickness is more uniform and thicker due to improved oil flow, resulting
in reduced friction.h,

Assuming that the channels increase the effective thickness of the film by a factor (where ):aa > 1
h, = ah,
the coefficient of friction with channels can be expressed as: g,

_ uUA
- ahFN

Hfe

Due to the increase in the thickness of the lubricating film and the homogeneity through the channels, the
effective coefficient of friction decreases by the value of , confirming that the presence of channels can lead to a
decrease in the coefficient of friction. In the modes studied below with a profiled guide (with channels), the value
of the coefficient of friction is set.ap, = 0.05

Analysis of the stress state of the guide and valve with an oil-retaining profile

Taking into account the increase in the volume of space in the contact pair, it was empirically established
that for similar constructions of the guide with channels, the valueconvection heat transfer increases to 400-600
W/(m2-°C). Let's apply the value of convection equal to 450 W/(m?- °C).

The difference in the boundary conditions between the previous and the current studied regime is only in
growthconvection from 300 t0o450 W/(m?-°C), which is the result of modification of the geometry of the contact
surface of the guide (adding channels according toFig. 1)
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Fig. 2. Application of convection 450 W/(m? °C) to the guide-valve contact pair

Let's analyze the influence of the channels in the guide on the resulting valve stresses (Fig. 2):

- the contact surface of the valve was subjected t023.5% lower maximum stresses in the channel
modelo,y,,,compared to mode (smooth guide hole). The extremum is fixed at a moment in timet,,=0.002 s. The
graph has a jumpy character, which is caused by the relief surface of the guide during the beginning of the
contact.Unlike the "smooth" mode, where growth is recordedoyayto 21.67 MPa followed by a decrease to 13.19
MPa at the end of the experiment (blue curve at 4.32), the uniformity of the curve(red curveon) clearly favors the
surface of the valve valve. Tensions range from: 14.27 MPa as oft,,,=0.0072 s (Fig. 4.23 b), 14.84 MPa (t,,=0.0145
s - fig. 4.23 ¢) and 13.6 MPa (t,;,= 0.0244with);

- the average stress value is 4.24 MPa, which is 6.27% higher thano,,.mode without grooves.The
explanation for this result lies in the "point-likeness" of stress transfer from the protrusions of the guide to the
smooth surface of the valve.Both extremes occur at the end of the experimentt,,= 0.04 s.
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Fig. 3.The effect of the presence of channels on the stress during: a, b) and on the contact surface of the valve;
¢, d) and on the contact surface of the guide, respectivelyt,,06 max0ave Omax®ave
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Fig. 4. Mises stress map of the valve surface at different time pointst,,: a) 0.0021 s; b) 0.04 s

The results on the contact surface of the guide are as follows:
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. maximum stresses of the model with the channelo,,are 12.08 MPa, which is 16.7% lower
than the mode with a smooth guide surface. Valueoy, .y achievedat the moment of time =t,,0.0385 s (Fig.
4.34 a). Locationo,,,,changes during the duration of the experiment, for example, as of =t,;;0.00214 s
(Fig. 4.34 b)oaxis 11.34 MPa and is observed at the edge of the opposite opening of the guide, and then
shifts towards the center of the guide: =9.54 MPa at the moment of time =0y,,x0maxtm 0.00621 s (Fig.
434 c)and 11.29 MPa int,;=0.0183 s. During the first 0.012 s, oscillations were recorded until the contact
between the valve and the guide was stabilized. Further, the stress curve is roughly parallel, but lower by
2.0-2.5 MPa. Thus, throughout the experiment, the valueGy,,xin the first mode with the channel is lower,
which positively affects the wear of the guide surface;

. unlike the smooth surface of the guide, the Mises stress map has clear contours within the
spiral of the channel. This effect is of practical benefit - by selecting the desired geometric parameters of
the channel, for example, the step, it is possible to control the distribution of stresses on the surface of the
guide;

. the average stress value is 2.32 MPa, which isc,y.-34.5%lower than the firstmode without
grooves.The explanation for this result lies in the transfer of stresses from the guide to the smooth surface
of the valve.o,,.By analogy witho,,,average stresses also exhibited fluctuations during the first
milliseconds of contact. Both extremeso ., come at the end of the experimentt,,= 0.04 s.
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Fig. 5.Mises stress map of the guide surface at different time pointst,,: a)0.0385with; b) 0.0062 s; ¢) 0.0183 s

Study of the thickness of the lubricating layer (gap) in the "valve-guide' pair
To confirm that there is no contact between the valve and the recesses of the guide channels, use the Contact

Tool > Gap tool. In fig. Figure 4.35 shows the value of Gap at different moments of time - the gap in the depressions
remains throughout the experiment, as evidenced by the blue color of the scale.
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Fig. 6. Map of the gap (gap) in the contact area at the moment of time: a) 0.00096 s; b) 0.0051 s; ¢) 0.0145 st

Let's investigate the situation with stresses on the surface of channel protrusions, comparing the results with
the entire surface (valves together with protrusions). The curves of the maximum stresses coincide throughout the
experiment (Fig. 6a), except for the period 0.018-0.021 s, where it is even higher for the entire surface (together
with depressions). This is quite unexpected, because the protrusions are always the first to perceive contact, which
was confirmed based on the evaluation of the size of the gap (gap). The situation with average stresses is more
unambiguous - it is lower by 2-3% in the case of only the surface of the protrusions during the entire experiment
= 0.04 s (Fig. 6b). This indicates that the depressions concentrate higher stresses on themselves. As a rule, they
appear in the corners of depressions, where theoretically the greatest bending moment occurs (the protrusion acts
as a cantilever beam).o 15 Oavelye-
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Fig. 7. Comparison of stresses on the surface of channel protrusions with the entire surface of the guide hole:
a) ; b)o-maxo-ave

Intermediate stress states exclusively on the surface of the protrusions are shown in Fig. 8. Consolidated
stress data are summarized in table. 1.
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b)

Fig. 8.Mises map of stresses exclusively on the surface of the protrusions of the guide at different moments of

timet,, : a)0.0021with; b) 0.0385 s

Summary results for stresses and for Ansys model modeso .6, Tebled
Contact surface of the valve

Regime O max. Mpa ACax. % tomax P Oaves Mpa | AGqye, o | to,y0r P
A-2-900-0.1-0.04 21.67 +50.3 0.013 3.99 +15.0 0.04
A-2-900-0.05-0.04-c 16.57 -23.5 0.002 4.24 +6.27 0.04

The contact surface of the guide

Regime Opmax. Mpa AG .y, %0 tomaxs P Oaves Mpa | AGuye, % | tg, 0o P
A-2-900-0.1-0.04 14.50 +3.4 0.04 3.54 +24.2 0.04
A-2-900-0.05-0.04-c 12.08 -16.7% 0.0385 232 -34.5% 0.04
A-2-900-0.05-0.04-c* 12.08 0% 0.0385 2.23 -3.9% 0.04

* the results of channel protrusion stresses

Durability of the "valve-guide" pair with oil retaining grooves

Let's set the "Scale Factor" value to 25 and measure how many cycles (Fatigue Tool > Life) the contact
surface of the guide can withstand with a 25-fold increase in each of the modes: N 0.«
mode A-2-900-0.1-0.04 receivedoy,xat a point in time t;,,=0.04 s and demonstrated =5655.8 cycles (Fig.

9 a);N.

mode A-2-900-0.1-0.04-cshowed =34620 cycles (Fig. 9 b) according to at the moment of timeN Gy

t,=0.0385.
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Fig. 9. Maps of wear resistance based on the toold Tool Fatigue Tool > Life: a) regimeA-2-900-0.1-0.04
int,,=0.04 s; b) regimeA-2-900-0.1-0.04-c int,,=0.0385 s

Thus, by reducing the valuec,,,0n16.7% (table 4.3), the actual resource of the guide with channels
increased by more than 6 times.

Conclusions

1. Using the Solid model, the effect of changing the geometry with lubrication grooves of the guide hole
on the indicators of maximum and average stresses in the "guide-valve" contact was analyzed. It was established
that the maximum stresses of the model with grooves are 12.08 MPa, which is 16.7% lower than the mode with a
smooth guide surface.

2. Based on the finite-element model, the durability of the "valve-guide" pair with oil retaining grooves was
analyzed. It was determined how many cycles the contact surface of the guide can withstand with a 25-fold increase
in each of the modes. It was found that due to the reduction of the value by 16.7%, the actual resource of the guide
with grooves increased by more than 6 times.
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lonenrko K.E. Buuagka A.A., luxa M.O., Iatuawk B.O. MonentoBaHHA Hanpy:keHb B KOHTAaKTi i
OIIiHKA Pecypcy Mo 3HOCY HATIPAMHOI KIaMmaHHOTO MEXaHi3My i3 3MaNlyBaIbHUMH KaHABKAMH

Hanpapnaroui knmanaHiB MaloTh BHpilIanbHE 3HAYCHHS JUIA MiATPHMKH NMPaBHILHOTO BHPIBHIOBAHHS,
MO3HIIOHYBAaHH TaGOpMYBaHHS 3a30pYy LITOKA KJIAMaHa MiJ 4ac Horo pyxy B ToJIOBIN OJoKy 1wminapiB. Brymku
KJIANaHiB NiAI0ThC] HABAHTAXKEHHIO 1 TEPTI0 KOB3aHHA, PU BETUKOMY 3HOCI HANPABIIMIOUHX JIBUT'YH IOYHHAE
BUTpAauaTH MAcJIO 1 3'ABIAE€THCA MIABUINEHMH HIYM KIANAHHOIO MeXaHi3My. Y naHili poboTi 3anpornoHoBaHO
BHKOPHCTAHHA CIEINaJbHOI HAKATKHM JUIS BITHOBJIEHHA Ta MiJBMINEHHA 3HOCOCTIMKOCTI HANPAMHHX BTYJOK.
IIpodineHuil IHCTPYMEHT TPH3HAYCHUH [ BiJHOBICHHA HANPAMHUX KIaNaHIB [UIAXOM HAKOYYBaHH:A
cripaibHOI KaHaBKH Ha BHYTpilmHii mosepxHi rine3u. [licng 3acTocyBaHHsA 11i€T TEXHONOTIT Ha MOBEPXHi OTBOPY
TiIB3H 3aJMIIAETHCA CHipanbHUI MacloyTpuMyouHid npodins. 3a gomomororo momeni Solid npoaHnanizosano
BIUIMB 3MiHM reoMeTpil MacTHIBHMMH KAHABKAMH HANPABJIAKOYOIO OTBOPY HA MOKA3HUKU MAKCHMAJIBHOIO Ta
CEpPEHBOTO HANPYKEHb Y KOHTAKTI «HAIpaBLirOua-KiIanaH». BCTaHOBIEHO, IO MaKCHMAJIbHI HANPYKESHHA
MOJENi 3 KaHABKAMM HUKUE, Hi Y MOJENi 3 MIaIK00 HAPAMHOK noBepxHet. Ha ocHOBI kiHIIEBO-eneMEHTHOT
MoJIeNi TpoaHalli3oBaHO JIOBIOBIUHICTh MapH «KJamaH-HATPABIAOYa» 3 MAcIOyTPHUMYBAIRHHMH KaHaBKaMH i
BHU3HAYEHO, CKITbKH TMKIIB BHUTPUMYE KOHTAKTHA TIOBEPXHA HampsMHoi. BcTaHOBIEHO, 1O 3a paxyHOK
3MCHIICHHS 3HAUCHHS KOHTAKTHOTO THCKY (PAKTHUHHWH pecypc HaNpaBIsouol 3 KAHABKAMHE 30iNBITHBCH.

KiouboBi cyioBa: HampsiMHa BTYyIKa, KilanaH, MacTHIbHI KaHABKHM, CKIHYEHO-€JIEMEHTHHMH aHai3,
KOHTaKTHHH THCK, PECYPC



