1 Title
An investigation of automatic rail lubrication and coating system
2 Introduction:
In recent years, with the rapid development of China's rail transport, passenger trains and goods trains become more and more efficient. However, the high transport speed, density and train axle weight lead to an increase in the interaction force between the wheels and rails, which aggravates the wear and tear of the rails[1]. The interaction force between the rails and the train and the curve radius of the rails have a great relationship, will increases when the curve radius decreases, especially when the train in the small radius curve rail section, the wear and tear of the rails will be more serious, making frequent replacement of the rails, the cost increase, the railway capacity decrease[2]. Reasonable and effective wheel and rail lubrication can reduce wheel and rail wear, energy saving and improve locomotive traction efficiency also has important significance, and can improve the safety of train operation[3]. Therefore, reducing wear and extending the service life of curved rails in railway transport has become an important issue in the development of heavy-duty railway transport.
How to reduce wheel and rail wear and improve the safety of the train during travel has always been the focus of train technology research. At present, there are two main methods to reduce wheel-rail wear: one is rail grinding, this method is to carry out on-site grinding maintenance of the rail, is a common method of railway management in line maintenance operations; another method is wheel-rail lubrication, it is by changing the actual roughness of the contact surface, reduce the movement of wear, this method is widely used in many mechanical devices[4-5], these two methods are important means to solve the wheel-rail wear problem, but in the absence of effective lubrication measures, simply using rail grinding operations for line maintenance, the potential life of the rail will also lose 95%[6], therefore, wheel-rail lubrication in reducing wheel-rail wear has important significance.
3 Literature Review:
Ever since the advent of rail transport, the wear and tear of tracks and wheel edges has been a problematic issue for technicians. In order to adapt to the development process of modern society, the speed of trains is inevitable, and the key to high-speed train operation is how to reduce wheel and rail wear, to ensure the safety of traffic. Along with the rapid development of high-speed railway technology, wheel and rail lubrication technology is also becoming increasingly mature. Different design requirements of rail transport tools basically have their own different lubrication tools and lubrication methods. A variety of new lubrication devices are emerging, especially in combination with electronic control technology, automation, intelligent devices gradually become the mainstream today.
To understand the design principles of lubrication devices should first understand how the wheel track is worn. Only in theory know the principle of wear and tear, can we prescribe the right medicine, reasonable set lubrication. Generally when trains through the curve, due to the weight and speed of the train, the train body will be subject to inertial force and centripetal force, which will cause the train wheel edge partly squeezed the inner side of the track[7]. In this case, the wheel rim of the train slides and rolls alongside the rail side, and this condition causes pitting or spalling of the wheel-rail surface material due to the alternating contact stresses, and this degree of wear is intense[8-9]. When the train passes through the straight track, due to the wheel-rail travel gap and the conical tread design of the wheel makes the wheel easy to produce serpentine motion[10]. The serpentine motion causes the train to swing laterally on one side and rotate around a plumb axis passing through its centre of gravity on the other. This type of motion causes the wheel pairs to strike the side of the rail heavily, creating impact and bringing wear at the same time[11]. Reducing vehicle wear can be achieved by lubricating the wheel-rail sides, changing the wheel-rail manufacturing process, adjusting the track design parameters to make the wheel-rail fit more reasonable, and avoiding serpentine train movements[12-13]. The most obvious effect of wheel-rail lubrication, lubrication of the rails can not only reduce the wear between the rails and wheels, reduce the repair and maintenance costs of the rails and wheels, reduce the use of fuel when the train is running, but also can reduce the friction coefficient between the wheel rim and the side of the rails, so that the derailment coefficient is reduced, which is of great significance for the safe operation of the vehicle.
Foreign for train wheel and rail lubrication research started earlier, track lubrication technology is also more mature. Foreign has developed a variety of high technology content of wheel and rail lubrication device, these more mature wheel and rail lubrication device are artificial rail oiling trolley, rail skid, fixed wheel-rail lubricator, on-board rim lubrication devices[14]. Manual oiling trolley is the earliest applied to wheel and rail lubrication lubrication device, the structure is simple, the operation is easy, the lubrication effect is good, has a strong adaptability, can be oiled and lubricated for all sections. However, it is completely a human machine, the technology level is very low, only the trolley as a carrier, the specific lubrication operation is carried out by workers, now the manual oiling trolley is still in use, mainly for some complex sections of oiling[15]. The manual oiling trolley is shown in Figure 1.1.
[image: WR@PAZWSRKXZ$]AT1P`M08S]Figure 1.1  Manual oiling trolley
The rail trolley is an internal combustion locomotive used to spray lubricating material onto the inner edge of the rails[16]. The design idea still does not escape the limitations of manual work, but only improves the efficiency of manual work and the automation of the device. This is illustrated in Figure 1.2. At the same time greatly improve the efficiency, reduce the labour intensity, lubrication effect is very good, to PCM1 type as the representative of the rail skid is widely used in many countries in Europe, but it is complex and expensive, so the operation and maintenance costs are much more and the market competitiveness is not strong.
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Figure 1.2  rail skid
Fixed wheel-rail lubricator is mainly the PC-5 produced in Russia[17] as the main representative, which automatically sprays lubricating oil between the wheels and rails through the oil storage device installed on the shoulder or track, which can reduce the wear and driving resistance of the curved section, as shown in Figure 1.3.
The main body of the PC-5 lubricator is a lubricant suction and pressure spraying device fixed to the shoulder or track, which is connected to the oil storage device via a pipeline. This device is simple, reliable and effective and can work stably in harsh environments. The advent of new types of grease has also greatly enhanced the lubrication effect of the device.
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Figure 1.3  Fixed wheel-rail lubricator
On-board rim lubrication devices are installed on trains and are represented by the ATC10 rim lubricator[18-19], as shown in Figure 1.4. The principle of operation is that the lubricant is pressed into the nozzle along the pipeline from the storage container, the valve opens after receiving a sensor signal, the air compresses and pushes the plunger to move, spraying out a quantity of lubricant, and when the valve is cut off, the nozzle is reset by the action of the reset spring.
[image: 4HAK`FC~5J1OG@$7RZ@U}US]
Figure 1.4 On-board rim lubrication devices
Chinese train lubrication research started late. Since the 1990s, along with the four major speed increases of Chinese passenger trains, Chinese overall train technology level has steadily improved[20], especially in recent years, focused on the development of high-speed railway construction, train lubrication device research has also entered a new stage. Traditional lubrication methods have been unable to meet the requirements of modern railway development[21-23]. At present, China mainly uses vehicle-mounted rail lubrication system to lubricate and protect the rails and wheels. This lubrication system sprays lubricant or applies solid lubricating material to the top side of the rail, this operation can ensure that the lubricant does not pollute the top of the rail or the wheel tread, avoid the lubricant to have an impact on the train braking[24-27]. This method has achieved better results.
However, the disadvantages of on-board lubricators in terms of use and maintenance are revealed for trains with relatively slow speeds such as urban railways or urban ordinary trains[28-31]. As the metro often starting and braking, bringing vehicle-mounted lubricator a great impact, making it easy to be damaged, and urban rail transport operation for the time requirements are strict, can not ensure timely replacement and replenishment of the consumed lubricant, resulting in the loss of lubrication effect[32]. At the same time, the vehicle-mounted lubrication device is not only expensive but not easy to maintain. The cost of use is high. In recent years, the rapid development of ground lubrication device, gradually become a new choice. Now put into use the ground device is mainly spraying oil and the grease lubrication[33-34], spraying oil lubrication mostly using hydraulic devices, with sensors or manual operation, lubricating within a specified time[35-36]. Grease lubrication is a mainly independent design lifting device, also with all kinds of sensors, through the circuit control power unit, lifting lubrication block to achieve lubrication[37-38].
4 Methods
1. Review information related to automatic coating control. Conduct research on key technologies such as coating point determination and automatic coating control.
2. Compare different hardware control structures, analyse the advantages and disadvantages of various existing systems and determine the structure to be used for the project. Determine the chip to be used according to the selected scheme, draw circuit schematics, produce circuit boards, and conduct circuit welding and debugging.
3. Build and test the hardware platform and complete the implementation of the lower computer.
4. Determining the automatic control software requirements based on the analysis and write the upper computer using the Qt platform.
5. Conduct field operation tests on software and hardware, and complete system debugging and improvement.
Overall system framework design：
[image: C:\Users\wqs\Downloads\总体框架.png]
Overall flowchart：
[image: C:\Users\wqs\Downloads\Flowchart.png]
5 Results: 
According to the specific functions of the equipment to complete the construction of the control platform; design the lower computer automatic coating control system hardware platform and complete the relevant driver writing; design the processing scheme of the position data, select the processing algorithm and simulation; design the upper computer program, complete the train speed and position display, route record, coating automatic control and other functions.
1. develop the design of the automatic rail lubrication and coating system, mainly the selection of the coating material and the determination of the bend identification algorithm based on the existing automatic coating device.
2. to complete the selection of chips for the main control module, power supply module, positioning module and control module according to the selected hardware structure, to design the hardware circuit and to debug the implementation.
3. designing the upper computer page through research, writing the automatic coating upper computer control software as well as debugging.
4. after completing the system hardware and software design, conduct field tests on the train and record the phenomena and data to complete the system interconnection.
6 Resources & Planing
6.1 Resources Required
Hardware resource:PC,MC9S12XET256, Applicator
software resource：Qt，codewarrior
6.2 Timeable
	Start time and end time
	Task 

	2022.03-2022.4
	Access to some relevant information

	2022.04-2022.05
	Design a overall system 

	2022.05-2022.07
	[bookmark: _GoBack]Design circuits, write programs and test

	2022.07- 2022.08
	write the paper
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