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Abstract

The issue of quick and qualitative receiving of reliable and complete information concerning the technical state of a
diesel engine in the locomotive is relevant one, although there are already many technical solutions in this direction.
Indirect methods for diesel engine diagnostics are of gain ground. Among the existing methods, the diagnostics of the
diesel engine technical state occupies a special place due to the analysis of irregularity of crankshaft angular velocity.
Within the working cycle of the diesel engine, the crankshaft angular velocity of rotation is constantly changed. The
mechanical inertia system of the pistons, rods and shaft receives impulses of mechanical energy from fuel combustion,
as well as pulsed losses of kinetic energy on pump pistons-stroke. Thus, the value and shape of the torque of each
cylinder affects the angular velocity of the shaft.

The purpose of the research is to study the various types’ application for basic functions of wavelet transform to
emphasize the diagnostic information from the signal of angular velocity irregularity of the diesel engine shaft. This
will automate the process of diagnosing the diesel engine.

The authors conducted simulation of the working process of a shunting diesel locomotive with hydrodynamic
transmission. Type of the diesel engine: six-cylinder in-line engine with turbo-charger, power 750 hp. The nominal
modes of the diesel engine operation at the crankshaft speed of 1400 rpm were considered. There are simulation of the
fault-free condition and two types of faults: the change of fuel injection advance angle and change of the cycle fuel
injection to greater and smaller sides from the passport date. For the resulting angular-velocity vectors and acceleration
we applied continuous wavelet transform with different basic functions. The obtained results are estimated by energy
criteria. The most promising basic functions are separated from the point of view of the most complete estimation of the
energy for the portion of the signal carrying diagnostic information.
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phase shift

1. Introduction

The issue of quick and qualitative receiving of reliable and complete information concerning the technical state
of a diesel engine in the locomotive is relevant one, although there are already many technical solutions in this direction
[3, 4]. Indirect methods for diesel engine diagnostics are of gain ground. Among the existing methods, the diagnostics
of the diesel engine technical state occupies a special place using the analysis of irregularity of crankshaft angular
velocity. The method is easy to measure, but requires a rather complex analysis for receiving the diagnostic
information.

Within the working cycle of the diesel engine, the crankshaft angular velocity is constantly changed. The
mechanical inertia system of the pistons, rods and shaft receives impulses of mechanical energy from fuel combustion,
as well as pulsed losses of kinetic energy on pump pistons-stroke. Thus, the value and shape of the torque of each
cylinder affects the angular velocity of the shaft [1]. The essence of the method is to measure the crankshaft angular
velocity of the diesel engine with high resolution and to determine the characteristic indicators that give evidence of the
working process quality in cylinders and the technical state of the diesel engine as a whole.

For the signal analysis of the irregularity of crankshaft angular velocity for a diesel engine, the Fourier series
expansion is traditionally used. However, the analysis based on infinite basic functions (sin, cos) does not provide
information about the local features of the signal and adequately reflects only the stationary processes. When
considering the angular velocity signal of an ideally free-fault engine, it can be considered stationary one, at any time
(extent to which) the signal frequency will be the same. But in a real engine, the working processes in adjacent
cylinders differ significantly (according to the passport data of the diesel engine 211D2, the difference in Pz is allowed
up to 0.2 MPa), in addition, the reason code in pressure may be various, so the signal of the real engine can hardly be
called stationary. A more advanced analysis tool is a wavelet transform using finite basic functions of various forms.
This provides wavelet transform with wide opportunities for separation and localization of signal features. A number of
works are known in which wavelet transforms are used to diagnose the technical means [5-6, 11, 14] and internal
combustion engines [7-10, 12, 15].
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