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Abstract technical and economic indicators, namely, decrease in
productivity, and increase in maintenance and repair costs. So,
for example, the prime cost of freight road transport, which is
12-15% of transport costs in the prime cost of finished
products, increases 2-3 times during operation, and the

operating conditions deteriorates the technical condition of a performance of KAMAZ vehicles decreases 3-4 times to run

truck [1], and, as a consequence, changes technical and 500 thousand km [2].

economic indicators, namely, productivity decreases, and The car can not be isolated neither from its operating
maintenance and repair costs increase. The purpose of the conditions, nor from the processes occurring in its units and
study is to confirm that the indicators of the transport process assemblies. When operating in constantly changing conditions
are closely dependent on the technical condition of the (loads, road conditions, temperature and atmospheric pressure,
elements of the power unit and can be, along with other dustiness, etc.), the performance of a truck decreases due to
factors, the cause of a decrease in the efficiency of using a wear of its structural elements. It is known that there is a
truck. The article presents the results of a scientific study on systemic relationship between the structural elements of a
the reasons for the decrease in the efficiency of using a truck vehicle, its performance and performance indicators. The
in operation. The relationship of the indicators of the transport efficiency of the transport process is usually considered to be
process and the parameters of the power unit is shown. One of the productivity of a truck and the cost of transportation.

the parameters of a truck's performance is its carrying
capacity. During operation, due to wear of parts and
components of the power unit, the possible carrying capacity qy-B-V-T

of the vehicle changes due to a decrease in the power :W @
characteristics of the power unit. A decrease in traction o )

properties leads to ineffective loading of a truck, i.e. the  Where g — the rated lifting capacity, t; y - load factor; L — the
impossibility of ensuring its full load, taking into account the ~ average length of a ride with a load, km; 4 - mileage factor; V’

The efficiency of the transport process depends both on the
level of its organization and on the performance of the road
transport equipment involved in transportation. An increase in
operating time, as well as operation in constantly changing

A number of factors affect truck performance

rated carrying capacity, which ultimately affects one of the - average technical speed, km/h; T - on-duty time, h; 7., time
main indicators of the transport process - the productivity of a of loading and unloading operations, h.
truck. The considered indicators in expression (1) are determined by

Keywords: truck efficiency, transport process, carrying two types of parameters: independent of the vehicle design (L,

capacity, power unit, technical condition of a truck, power B T) and dependent on it (q, v, V, tl-u). If we evaluate the
characteristics performance of a truck in terms of technical capabilities, the

most important of the parameters, which depends on the
technical condition of the structural elements of the truck and
I. INTRODUCTION affects the result, is the carrying capacity of the vehicle.

Operation, an increase in operating time, as well as work in ~ 1he choice in favor of this performance parameter is due to
constantly changing conditions leads to the deterioration of the fact that its value is closely dependent on the operation of

the technical condition of a truck, and, as a result, changes the elements of the vehicle power unit. During operation,
carrying capacity changes (i.e. the impossibility of ensuring
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the loading of the car, taking into account its rated carrying
capacity) due to a decrease in the power characteristics of the
engine. Let's trace this dependence. The carrying capacity is
determined by the formula [3]

Pt_Pa_D'qa (2)
D J

where ¢ — the carrying capacity of the vehicle, kg; P; - vehicle
traction force, N; P, — air resistance force, N; D — the dynamic
factor of the wvehicle, N/kg; ga — vehicle curb weight,
unloaded, kg.

q:

The traction force of the car depends on the amount of torque
on the engine shaft

_ MKpuKu'O
=

®)

’

Tk

where M, - motor shaft torque, N'-m; u, - gear ratio of the
gearbox; uo - final drive ratio; # - transmission efficiency; r -
wheel radius, m.

(4)

where N. — effective motor power, h.p.; n — the crankshaft
rotation speed, min-i,

Ne
M =7162—"1,

Investigation of the reasons for the decrease in the
performance of the power unit found that the efficiency of the
vehicle is affected by the wear of the elements of the power
unit, such as the clutch mechanism and the turbocharger [4,
5].

The analysis showed that one of the least reliable units of
diesel engines is the TKR-7N turbocharger [6, 7]. It accounts
for over 26% of engine failures. Failures of a turbocharger
lead to inoperability or a decrease in engine parameters, an
increase in the cost of fuels and lubricants, spare parts, labor
costs for maintenance, repairs.

Effective engine performance depends not only on the

perfection of the engine itself, but also on the operation of the
turbocharger [6, 7]. Its reliable operation maintains efficient
engine power. The analysis of the formula for the effective
engine power shows that if we take the effective volume of
the cylinders and the composition of the mixture unchanged,
then N. at n=const will be determined by the n¢/a ratio, the
value of ny and the parameters of the air entering the engine
2:n-103
l

’ 7717 ' p: (5)
where H, — the lowest fuel calorific value; n. - effective
efficiency; 1, — the filling factor; ¥} - engine capacity; n — the
crankshaft rotation frequency; p — air density; o - excess air
factor; t - the engine cycle; I, — the theoretically required

amount of air.
Since the mass charge of air is G, = V; * p *n,, then
Hy, N2 n-103

IO “a

N, = (6)

v
T )

Equations (5) and (6) show that the effective power N.
decreases with a decrease in the supply of air entering the
engine. A decrease in effective engine power leads to a
deterioration in efficiency and economic performance.

I1. METHODS

Traction bench test procedure. During operation, the technical
condition of the clutch deteriorates. To establish the degree of
influence of the clutch operation on the parameters of the
power unit, an experiment was carried out. The objective of
the experiment was to compare the output parameters of the
engine, which was equipped with an initially serviceable and
then worn out clutch [8].

KAMAZ vehicles are equipped with a double-disc clutch (Fig.
1).

Figure 1. Clutch Assembly of the KAMAZ car (model 142):

1 —flywheel; 2 — extinguisher; 3 — driven disks; 4 — lever mechanism; 5 — lever; 6 — bearing; 7 — coupling; 8 —ring; 9 — spring;
10 — casing; 11 — pressure disk; 12 — middle drive disk
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Bench tests were carried out on the KAMAZ-7403 engine,
assembled with model 142 clutch sets.

The transmission of torque from the crankshaft of the engine
to the driving clutch discs is carried out through protruding
spikes located in the grooves of the flywheel crosswise along
the outer diameter (Fig. 2).

Spikes of leading disks The grooves of the flywheel

Figure 2. Flywheel, middle drive and pressure discs of a two-
disc clutch

During operation, when the contact surfaces of the “thorn-
groove” interface are worn out, the driving discs are displaced
relative to the flywheel, their centering is disturbed, and this,
in turn, leads to an increase in the imbalance in the clutch unit,

having a negative effect on the operation of the engine and its
reliability [9]. At a crankshaft speed of 2600 min?, a
centrifugal force acts on the drive clutch disc (whose mass is
13.2 kg), which reaches 400 kg -s, which leads to an
imbalance and vibration of the entire vehicle. Under such
conditions, part of the engine's energy leaves the clutch for
secondary processes of excitation of vibrations of the vehicle
elements, thereby losing useful power. During the bench test,
vibration processes were investigated [10] and the parameters
of the engine were measured.

Turbocharger bench and motor test procedure.

Comparative bench tests of the KamAZ-740.11-240 engine
with TKR7N-1 turbochargers were carried out during
operation in comparison with the parameters after repair with
the modernization of the bearing assembly. The external speed
characteristics of the engine were filmed. Comparative motor
tests were carried out in versions equipped with serial
turbochargers and repaired turbochargers with modernized
bearing assemblies in terms of speed characteristics.

Upgraded repaired turbochargers (10 pcs.) were compared
with serial turbochargers installed in series on the engine on
the test bench of the AVL engine plant (Fig. 3).

Figure 3. Stand engine test

To measure the required parameters, the stand is equipped with the necessary measuring equipment, corresponding in terms of
measurement accuracy to the conditions for the manufacturer's plant.

111. RESULTS AND DISCUSSION

111.1. The Effect of the Clutch on the Efficiency of the Power Unit
During the bench test, vibration processes were investigated and the parameters of the engine were measured. The results of bench

studies are presented in Table 1 and Fig. 3.

Table 1. Engine parameters for bench studies

Engine with new flywheel and clutch Engine with a worn flywheel and clutch Change
Ne, : Ne, , AN,
n, min?t ) M,p, N'm G n, min?t ) My, N'm % ° Age,
h. p. g/hp.h h. p. g/hp.-h h. p. gh/p.-h
2600 258.1 71.1 181.7 2600 256.7 70.7 184.2 -1.5 2.5
2400 246.0 73.4 175.6 2400 244.6 73.0 178.0 -1.3 2.4
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Engine with new flywheel and clutch Engine with a worn flywheel and clutch Change
2200 2344 76.3 171 2200 2325 75.7 171.8 -1.8 0.8
2000 222.0 79.5 167.4 2000 221.4 79.3 168.9 -0.6 15
1800 208.9 83.1 166.1 1800 206.8 82.3 167.7 -2.0 1.6
1600 176.0 78.8 165.5 1600 175.6 78.6 165.7 -04 0.2
1400 131.2 67.1 163.8 1400 131.9 67.5 164.1 0.8 0.3
1200 99.0 59.1 164.4 1200 97.5 58.2 164.6 -1.5 0.2

Ge
185
/ —+— Engine with new clutch (set 1)
180 .
175 ) )
=#— Engine with worn-out clutch
with 4 spikes (set 2)
170
165 Engine with worn-out clutch
with 2 spikes (set 3)
160 n, min-!
1000 1200 1400 1600 1800 2000 2200 2400 2600

Figure 3. Effective specific fuel consumption of an engine with different clutch sets by external speed characteristic

At a crankshaft speed over 1200 min* (Fig. 3) with practically
identical loads, a deterioration in the effective power and
specific fuel consumption of the engine was revealed.

During operation, when the contact surfaces of the “thorn-
groove” interface are worn out, the driving discs are displaced
relative to the flywheel, their centering is disturbed, and this,
in turn, leads to an increase in the imbalance in the clutch unit,
having a negative effect on the operation of the engine and its
reliability [9]. At a crankshaft speed of 2600 min?, a
centrifugal force acts on the drive clutch disc (whose mass is
13.2 kg), which reaches 400 kg -s, which leads to an
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imbalance and vibration of the entire vehicle. Under such
conditions, part of the engine's energy leaves the clutch for
secondary processes of excitation of vibrations of the vehicle
elements, thereby losing useful power.

111, The effect of a turbocharger on engine performance

Comparative motor tests of the KamAZ-740.11-240 engine
were carried out in versions equipped with serial after
operation and repaired turbochargers at external speed
characteristics (Table 2).
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Table 2. Parameters of the KamAZ-740.11-240 engine with a serial and repaired turbocharger and with a modernized bearing
during bench tests

Ne, M, GT| gT; tT2 Lev, tT 2 right, PH,
N, h. p. N3m kg/h g/hp, h °C °C MPa
mint
S u S u S u S u S u S u s u
1000 112 113 801 809 18.7 19.1 167 169 510 | 510 510 520 0.016 0.018
1200 140 142 837 849 22.8 23.1 163 162 530 | 500 530 510 0.024 0.026
1400 166 169 848 866 27.1 26.9 163 159 540 | 500 540 510 0.032 0.034
1600 187 193 837 861 30.6 30.8 164 160 540 | 510 540 520 0.042 0.046
1800 209 | 213 831 840 34.4 34.4 165 161 530 | 510 530 520 0.052 0.065
2000 233 | 238 834 | 852 38.4 38.7 165 163 520 | 500 520 510 0.062 0.070
2200 237 | 240 772 779 40.3 40.2 170 168 510 | 500 510 500 0.068 0.082

Notes: n — speed of rotation of the crankshaft; N. — power; M — torque; Gt — hourly fuel consumption; g: — specific effective fuel
consumption; tra Lev — gas temperature behind the turbine of the left turbocharger; tr 2 rignt — the same of the right turbocharger; Py —

boost pressure; s — serial; u — upgraded

As Table 2 shows, an engine equipped with a repaired and
modernized TKR has the improved characteristics compared
to the serial one from operation. In nominal mode, the power
is 3 h.p. higher (1.25%), the boost pressure is 0.014 MPa
higher (20.6%), the effective minimum fuel consumption has
decreased by 4 g/h.p. per hour (2.5%); the maximum torque
increased by 7 Nm (2.12%).

This indicates that the KamAZ-740.11-240 engines equipped
with repaired turbochargers with modernization, more
completely burn fuel in the cylinders due to the higher
cylinder pressurization degree.

V. SUMMARY

1. Wear of the clutch elements causes the power and
economic indicators of the engine to decrease, which is
caused by the formation of an imbalance and the transfer of
part of the engine power to secondary processes that occur in
the clutch mechanism in the form of vibration and shaking. In
all modes, an increase in specific fuel consumption and a
decrease in effective engine power are noted.

2. An engine with a serial turbocharger after operation has
worse parameters than after repair with modernization.
Comparative characteristics at nominal mode: the power is 3
h.p. higher (1.25%), the boost pressure is 0.014 MPa higher
(20.6%), the effective minimum fuel consumption has
decreased by 4 g/h.p. per hour (2.5%); the maximum torque
increased by 7 Nm (2.12%). This simultaneously affects the
increased harmful emissions and smoke of the exhaust gases.
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V. CONCLUSIONS

The technical condition and dynamics of the decrease in the
efficiency of the elements of the power unit affect the
decrease in the carrying capacity of the vehicle, and, as a
consequence, lead to a decrease in the truck (road train)
usability.

The research results show that the processes of wear of the
elements of the power unit such as the turbocharger and the
clutch affect the effective engine power, torque and specific
fuel consumption.

Wear of the elements of the power unit leads to a decrease in
torque, which inevitably affects the parameters of the traction
force, and, accordingly, causes a decrease in the actual load of
the truck in operation, which undoubtedly affects the
indicators of the transport process.
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