Analysis of the state and tendencies in the development of diagnostic systems for the road construction and agricultural machinery
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Abstract: This report provides an analysis of the existing methods for supervision, fault detection and diagnosis of the transport vehicles’ technical state. A system developed for the diesel engines diagnostics is presented. Also given are the curves, which describe characteristics of the angular velocity change during transient state and the crankshaft fluctuations for one cycle at idle speed.
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The constantly increasing complexity in the manufacturing of the various transportation vehicles is caused by the rising demands for higher reliability, environment friendliness and usage safety. This brings up the question for proper maintenance and control over the efficiency of the different parts of the transportation object. Sequentially, eliminating and reducing any failures and the possibilities for failures is of great importance for the science and the industry.

Most of the existing systems in control of the performance and the reliability of the modern transportation objects compel to the following requirements:

· Providing certain level of reliability during operation using rational material and effective labor cost

· Provide save drivability and regulation for the road construction and agricultural machinery
· Provide information for the technical state changes and ensure automatic protection by bringing the system to emergency mode or completely stop its functioning.

· Off-board diagnostic systems must have capabilities for precise and accurate detection of the overall technical state of the diagnosed objects and possibility for the exact fault localization

· Easy installation and removal of the off-board diagnostic system to the diagnosed object without disassembly and installation of additional elements.
The existing system for diagnostics of the technical process can be classified according to their structural properties and diagnostic capabilities. The advanced diesel engines with electronic control systems have built-in functions for monitoring and diagnostics. The data received from the sensor of the ECU (engine controlled unit) with embedded software are used for diagnosing of the transport machinery state.
1. Methods for supervision, fault detection and diagnosis.
The On-board diagnostic systems can perform the following function:

Monitoring: measurable variables are checked and compared with the tolerances and in case of emergency generate signal to operator. After the alarm is triggered the operator has to take the proper actions. In the event of a real threat for the staff or the system due to excessive values and automatic action is generated (fig.1).
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Fig. 1 Monitoring and automatic protection

Automatic protection: in emergency situation the system is operated to a safe mode. Usually this mode has reduced functionality. To prevent any further damages the system can automatically shuts down. These methods for monitoring and automatic protection are acceptable for a general process control. The tolerances have to be very precisely set so that the normal deviations of the variables will not generate undesired faulty alarms.

The classical method is favorable only when there aren’t dynamical changed values.  Counteractions are activated after relatively large change in a process (sudden or gradually increasing fault). Another disadvantage is impossibility of in-depth fault diagnosis because of threshold violation of one or few variables.

Improving the supervision and quality of technical processes is connected with implementation of additional sensors. They have to be connected with key components with high probability of failures. With the use of additional sensors, transmitters and plugs for obtaining more precise information the system reliability is significantly reduced because of the increased number of elements. Software realization can be successfully implemented but further results cannot be obtained without physically-based process.

There is another obstacle for large scale processes with great number of monitored values. A major fault can lead to a sequence of series of alarms directed to operator. Overloading a human operator can create difficulties to immediate reactions or in most negative circumstances to system damage and accidents.

Therefore the advance methods for control and fault detection and fault diagnosis have to satisfy the following requirements:

· early detection of small sudden or gradually increasing faults;

· diagnosis of faults in the individual processes and their parts, actuators and measurement equipment (sensors);

· detection of faults in closed loops;

· monitoring of processes in transient states;

The goal for early fault detection and diagnosis give possibility of reducing or eliminating serious failures by operation such as reconfiguration, repair or planned maintenance.
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Fig. 2 General scheme of different supervision methods with fault management (supervisory loop)

Figure 2 shows a general scheme how to achieve that goal by upgrading the classical model for monitoring and automatic protection with additional automatic control layer. The final objective is gathering more information about the process by using all existing measuring instruments and developing them in from of mathematical model. Taking into consideration not only output signals Y(t), but also corresponding input signals U(t), as well as the values of the state variables x(t), disturbances signals, if accessible, than the change of the static and dynamic process can be used as important information source. The changes of the output signals ΔY(t), which are not affected by faults but by input signals ΔU(t) or by measurable disturbances are than considered. Hence the measured output signals are more accurate and connected with the fault. Therefore the outputs Y(t) influenced by normal disturbances are clearly differentiable by those affected by faults.

The scheme in Figure 2 for supervision and fault management allows the following tasks to be solved:

Supervision with fault diagnosis

· feature generation – signal processing, state elimination, identification and parameter estimation or parity relations;

· fault detection and generation of symptoms;

· fault diagnosis by applying analytical and heuristic symptoms and their relations to faults;

· fault evaluation with regard to classify the faults into different hazard classes.

· decision on actions dependent on the hazard class and possible degree of danger. This may be done either automatically or by the operator. 

To improve the process reliability and safety, the following tasks should be performed based on the gathered information for the process state:

Supervision actions and fault management

Depending on the hazard classes of the diagnosed faults the following actions can be taken:

· safe mode operation - shut down the system in case of direct danger for the process or the environment;

· reliable operation – slowing down a further fault expansion through changes of operation state, e.g. operation with lower load, speed, pressure, temperature;

· reconfiguration – using another sensors, actuators or redundant components to keep the process in operation and under control; 

· inspection – to perform a detailed diagnosis by additional measures;

· maintenance – tune process parameters or exchange worn parts;

· repair – instantaneously to remove a fault or at next possibility.

In case of a critical process state, redundant system (brake system) can be put into operation. The advanced methods of supervision and the operations mentioned above are means to improve the reliability and safety of the technical systems. Further improvements can be achieved by more reliable hardware components or other practicable developments. Some of them are:

· maintenance on request;

· diagnosis with modern communication;

· 100% quality control of products.

The general scheme in Figure 2 shows that there exists a feedback system from faults, signals, features, symptoms, decisions over various actions to compensate for faults. This system can be called fault management loop. In contrast to the feedback control, the signals and the information about the state process is a not continuous action. Some parts of the information processing like signal evaluation, feature generation and symptom generation may operate continuously, but fault diagnosis, decision making and actions act as a discrete events in the case of fault appearance. That’s why the supervisory loop is a hybrid continuous and discrete event system.

2. System for diagnostics of diesel engine technical state

For machines without electronic control systems a constant monitoring and diagnostics of technical state is not feasible. In these systems the component with lowest reliability are check in regular intervals.

Such scheduled maintenance at fixed intervals include tests, measurements, adjustments, and parts replacement are expensive, especially when there is failure of the inspected element due to delayed planned maintenance. The statistics shows that in Bulgaria more than 85% of agricultural machinery still use conventional (not electron controlled) systems. Therefore developing a system for complex and in-depth diagnosing of the majority of vehicles used in the agricultural sector in Bulgaria is essential. According to the literature, parameters that are highly informative and can be used for developing diagnostic system are the angular velocity change during transient state and the crankshaft fluctuations for one cycle at idle speed. A system for diagnostics of the technical condition of the D-240 diesel engine was developed in University of Ruse. Results from conducted experiments show that the system provides information for the general state of the engine, and the technical state of individual systems. Figure 3 shows the engine D240 curve characteristics of the angular velocity change obtained using the data from the developed device. Figure 4 presents the experimental curve (1) and curve (2) resulted after first smoothing by moving average filter.
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Fig.3 Curve of crankshaft angular velocity fluctuation in transition state
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Fig.4 Visualization of the experimental curve (1) after the first (2) smoothing with moving average filter

3. Conclusion.
The result shows that the developed diagnostic method gives possibility to determine the overall condition of diesel engines and identify faults in different systems without requiring disassembly.

To increase the accuracy and reliability of diagnosis is necessary to carry out experiments for optimizing the operation modes of diesel engines.

References
[1] Karakehayov Z., K. Christensen, O. Winther, Embedded Systems Design with 8051 Microcontrollers, Marcel Dekker, 1999
[2] Moses, C. A.,T. W. Ryan and W. E. Likos,. Experiments with alcohol/diesel fuel blends in compression-ignition engines, VI International Symposium on Alcohol Fuels Technology, 1980, Guaruja, Brazil;

[3] Mollenhauer K., Handbuch Dieselmotoren, 1997, Springer Verlag, Berlin
Orlin Aleksandrov Stoyanov - PhD Student, Department of Computing,  University of Ruse, Ruse, Bulgaria, tel. +359 82 888 672, 

e-mail:ostoyanov@uni-ruse.bg

