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Abstract

The main reason for reducing the life of the failed engines in operation is the cranking of the connecting rod inserts.
Crankshaft bearings operate under constantly changing loads and speeds, as well as with varying amounts, pressure,
temperature and viscosity of the oil supplied to them, which ultimately leads to increased wear on the shaft surface and
liners. As the technical condition of the internal combustion engine worsens, stabilization of the available and required
oil consumption is not structurally provided, which leads to failures and the need for expensive overhauls. Investigating
the reasons for cranking the bushings [1], found that through the crankpin on which the bearings were turned, less oil
passed. As a result of the analysis, the need for a deeper study of the conditions of the lubrication process, its influence
on the reduction of the engine resource and the need for its stabilization is revealed. A theoretical analysis of the reasons
leading to the condition of the rupture of the oil flow to the connecting rod bearings of the internal combustion engine is
carried out. The test results of the study of the influence of liner wear on the crankshaft lubrication conditions are
presented.
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Introduction

The reliability of the crankshaft bearings is achieved by organizing the supply of a sufficient amount of oil to the
connecting rod bearings. The main parameter that determines the modes of lubrication is the pressure, which at all
steady-state operating modes of the engine should ensure continuity of flow in the channels to the connecting rod
bearings [2, 3].

To assess the oil pressure in the supply channels to the connecting rod bearings, we consider the process of oil
movement through the channels of the crankshaft bearing assembly using the KamAZ-740 diesel engine as an example
[4]. In the engine understudy, oil is supplied to the connecting rod bearings (Fig. 1) from the annular channel / in the
main liner through the channel in the main neck and cheek 2 and the centrifugal dirt catcher 3.

Figure 1: The Scheme for Supplying Oil to the Connecting Rod Bearings
1: Ring channel of the main bearing; 2 and 4: Inclined channel in the cheek and holes for lubrication of connecting rod bearings; 3: Centrifugal
mud trap; 7, -Radius of the radical neck; r,: Radius of rotation of the outlet holes in the connecting rod bearing (crank)

Such a supply circuit determines the pressure at the inlet to the connecting rod bearing [5, 6, 7]
2 2
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where P, - the oil pressure at the inlet to the main bearing; k — loss coefficient due to leaks in the annular channel of
the liner; 7, - radius of the radical neck; r, - radius of rotation of the outlet holes in the connecting rod bearing (crank);
o — is the angular velocity; y — is the density of the oil; g — is the acceleration of gravity; P — pressure loss during the
transition of oil from the groove of the liner into the rotating channel of the crankshaft main bearings.

The components of the oil pressure at the inlet to the connecting rod bearing in the expression (1) are:
- Pressure loss in the annular channel of the main bearing due to leakage in the gap and hydraulic resistance:

AP, =kP,, @

- Energy pressure loss during the transition of oil from the groove of the upper mainliner into the rotating channel of the
crankshaft in accordance with the Bernoulli equation:

APoille})Z+AP3’

2 2.2
AP2 = j/V_z =y @ 7"1 = yi(ﬂ)ZI/ile’A‘ , (3)
2g 2g 2g 30

where 7 - the speed of the crankshaft, min;
- Pressure loss in the root canal from the deck surface to the axis of the crankshaft from the action of centrifugal forces:

w
AP =y =17 Q)
g

- Pressure increment from centrifugal forces in the area from the annular channel of the main bearings to the connecting
rod bearings:

(4]
AP, =y—r;. )

In the modes when AP, is equal to or greater than the oil pressure at the inlet to the connecting rod to the connecting

rod journal, the oil flow may break.

The continuity of the oil flow going to the lubrication of the connecting rod bearings is not always ensured. Crankshaft
bearings operate under constantly changing loads and speeds, as well as with varying amounts, pressure, temperature
and viscosity of the oil supplied to them, which ultimately leads to increased wear on the shaft surface and liners. In
addition, wear occurs on the surfaces of the shaft and liners [9]. With increased wear, clearance increases and the flow
rate of oil passing through the bearing can also affect lubrication conditions. Disruption of hydrodynamic lubrication
due to insufficient oil entering the connecting rod bearings may be a criterion for bearing failure, i.e. a sign of a change
in the technical condition of the internal combustion engine, in which the crankshaft bearings are not able to perform
the specified functions [9, 10].

Methods

Oil consumption through connecting rod bearings is determined by the oil pressure in the annular channel of the main
bearing from which they are fed, the operating mode and the technical condition of the engine [11].

With increased wear, clearance increases and the flow rate of oil passing through the bearing can also affect lubrication
conditions. To determine the oil flow rate through the first connecting rod and first crankshaft main bearing, a research
technique was developed.

The studies were carried out in two stages on a KamAZ-740 engine. The engine was mounted on a test bench of the
AVL company, with a hydraulic brake of the SCHENCK company. The test bench was equipped with the necessary
equipment and instruments, the accuracy of which corresponded to the requirements of GOST 14846.

Stage I. Determination of the achievable oil flow through the Ist crank pin.

In the crankshaft of the engine, the oil channel of the 1st root neck is jammed by installing / plug in the channel of the
plug (Fig. 2).

On the front flange of the crankshaft, a half-coupling 2 is installed, which was modified so that it can be fixed to it with
a fitting with a crane 3, which provides oil supply to the connecting rod bearings along the axis of the crankshaft. An oil
pipe is attached to the crane connecting the crane with the crankshaft coupling half. The oil line is connected to the oil
flowmeter 4 gear type, the measurement limit of which is 25 liters per minute. The differential valve of the oil pump is
blocked. For research, specially selected connecting rod bearings with varying degrees of wear were sequentially
mounted on the crankshaft. Before assembling the engine, micrometry is carried out along the diameter of the first
connecting rod journal.
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Figure 2: Scheme for Determining the Achievable Oil Flow through the 1st Connecting Rod Neck

FEA

The engine is filled with M10 DM oil, the pressure control valve is fully open.

Initially, the oil flow through the connecting rod bearings with a clearance of 0.09 mm was determined.

After starting the engine, warming it up by adjusting the valve of the crane set the pressure in the lubrication system P =
0.2 MPa.

Removed the high-speed external characteristics of the engine, recording all readings of instruments and sensors, as
well as readings of the oil flowmeter.

Then the pressure in the lubrication system was raised to P = 0.3 MPa and the speed characteristic was taken. So the
tests were repeated, gradually raising the pressure in the lubrication system with a crane to P = 0.7 MPa.

Subsequently, connecting rod bushings were installed with wear and clearance of 0.16 mm in the connecting rod
bushings.

The test was repeated, presetting the pressure in the lubrication system from P = 0.2 MPa to P = 0.7 MPa. All obtained
test data were processed and tabulated.

Stage II. Determination of disposable oil flow through the 1st root neck.

To determine the pressure and oil flow rate in the 1st main bearing, an additional hole was drilled in the crankshaft of
the engine, which provided oil supply to the bearings of the 1st connecting rod journal from the 2nd main bearing, and
installed in the connecting rod oil supply channel from the 1st main bearing plug / (Fig. 3).
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Figure 3: Scheme for Determining the Available Oil Flow through the 1st Root Neck

To the front flange of the crankshaft through the half-coupling 2, an oil pipeline is attached to which a crane with a
pressure gauge 3 and an oil flow meter 4 are attached.

From the flowmeter through the oil pipe, the oil was drained into the engine sump, for which the oil pipe was attached
to the engine sump by means of a fitting. The differential valve of the oil pump is blocked.

As in the first stage, the main bearings with varying degrees of wear and clearance in the main bearing were
successively installed on the crankshaft. Initially, the oil flow rate was determined through the first main bearing, the
gap in which was 0.100 mm. Next, the main bearings with wear and clearance in the main bearing of 0.127 mm were
installed. The test was repeated, presetting the pressure in the lubrication system from P = 0.2 MPa to P = 0.7 MPa.

All obtained test data were processed and tabulated. The data processing results are partially presented in Fig. 4.
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Figure 4: The Dependence of the Oil Flow through the First Root and the First Connecting Rod Bearings to
the Rotational Speed of a Crankshaft of the Engine KAMAZ - 740 with Various Combinations of Clearances in

Bearings
1,2:Tthe flow through the crankshaft bearing with the gap of 0.1 mm when the oil pressure is, respectively, 0.7 and 0.3 MPa;

3.,4: Flow rate through the connecting rod bearing when clearance is 0.09 mm when the oil pressure is, respectively 0.7 and 0.3 MPa;
5,6: Flow rate through the connecting rod bearing when clearance is 0.16 mm when the oil pressure is, respectively, 0.7 and 0.3 MPa;
7,8: To flow through the crankshaft bearing when the clearance 0.127 mm when the oil pressure is, respectively, 0.7 and 0.3 MPa;
Si: Amount of the backlash in the radical bearing; S,: The value of connecting rod bearing clearance

Results and Discussion

An analysis of the results of stage I test carried out according to the method for determining the oil flow through the
first connecting rod journal showed that with a nominal clearance in the connecting rod bearings of 0.09 mm at a
standard pressure of P = 0.4 MPa and a nominal speed of n = 2600 min™! through the connecting rod bearings flows 1.1
liter of oil per minute, and at a speed of n = 1000 min™! through the connecting rod bearings flows 0.25 liters per minute.
With a decrease in pressure in the system even at P = 0.3 MPa at revolutions n = 1000 min-', the connecting rod
bearings begin to experience oil starvation.

With an increase in pressure P = 0.7 MPa at nominal engine speeds n = 2600 min™!, 1.4 liters of oil per minute flows
through the connecting rod bearings.

When the liners are worn in operation, more oil flows through the connecting rod bearings. Already with worn liners up
to 0.035 mm and a gap in the connecting rod bushings of 0.16 mm with standard pressure of P = 0.4 MPa and at a
nominal speed of n = 2600 min™' 3.1 liters of oil flows through the connecting rod liners. At a speed of n = 1000 min!
flows 0.7 liters per minute.

With a decrease in pressure to P = 0.3 MPa and P = 0.2 MPa, the connecting rod bearings begin to experience oil
starvation even at n = 1200 min’! engine revolutions, i.e. no oil is supplied to lubricate the connecting rod bearings.

At the second stage of testing, the determination of oil flow through the 1st main bearing at a standard pressure of P =
0.4 MPa and with a nominal clearance in the main bearings is 0.1 mm, 2.8 liters of oil per minute are supplied to the
connecting rod bearings, i.e. disposable flow rate is higher than achievable.

At nominal pressures up to P = 0.3 MPa already at revolutions n = 1000 min™! the oil is not supplied to the connecting
rod bearings. At a pressure of P = 0.2 MPa already at revolutions n = 1400 min™! oil is not supplied.

Summary
1. The oil flow supplied to the connecting rod bearings is determined by the oil pressure in the annular channel of
the main bearing and losses associated with the transition from the annular stationary channel of the liner to the
rotating channels of the crankshaft.
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2. The oil pressure at the inlet of the connecting rod bearing is lower than the pressure in the main bearing by the
amount of centrifugal losses and losses during the transition from the channel of the main bearing to the
channel of the main neck.

3.  With a decrease in pressure, due to the action of centrifugal forces, "dynamic locking" of the channel in the
root neck can occur and, when the oil pressure is equal at the end of the root neck channel and the pressure
increases from centrifugal forces in the section from the center of the shaft to the hole in the crankpin oil flow
into the connecting rod bearing.

Conclusions

The operational wear of the crankshaft bearings can lead to the rupture of the oil flow to the connecting rod bearings of
the engine. If, at normal clearances, the available oil flow through the channels of the main bearings is sufficient to
pump the required oil flow through the connecting rod bearings, then with an increase in the clearances, the required oil
flow into the connecting rod bearings can be several times higher than the available oil flow through the main bearings.
The study made it possible to establish the limiting value of pressure in the engine lubrication system, which can be
described as a critical pressure point. Preventing the pressure in the lubrication system below 0.26 MPa allows you to
save a margin in the performance of the available oil flow over the required flow rate through the connecting rod
bearings of the crankshaft and thereby eliminate their premature failure.
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