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__________________________________________________________________________________________ 

Abstract: In order to improve the leveling precision of the asphalt mortar vehicle, shorten the 

leveling time, an electro-hydraulic proportional system suitable for leveling the asphalt mortar 

vehicle was studied, and the working principle of the leveling system was analyzed. Based on 

the analysis, the leveling model of the asphalt mortar vehicle and the functional relationship 

was established between the leveling hydraulic cylinder displacement and angle. The leveling 

hydraulic system of the asphalt mortar vehicle was simulated based on AMESim. It was proved 

that the leveling hydraulic system can meet the requirements of leveling accuracy and response 

speed, which provides a theoretical basis for the design and improvement of the asphalt mortar 

vehicle leveling system. 

Keywords: Asphalt mortar vehicle, leveling system, AMESim, electro-hydraulic proportional, 

hydraulic system.  

__________________________________________________________________________________________ 

1. INTRODUCTION 

In the rail laying process, the asphalt mortar vehicle is the key equipment, the work process is 

roughly: first of all, the required ingredients are put into the silo and the ingredients are 

weighed using an electronic weighing system on the asphalt mortar platform. Second, after the 

start of the asphalt mortar vehicle, put the ingredients weighed into the mixing host for full 

mixing. At last, asphalt mortar vehicle takes unload automatically [1]. Only body in the 

horizontal state, can the electronic weighing system accurately measures the weight of the 

ingredients to ensure its weighing accuracy. Once the body is tilted, the weighing accuracy will 

be affected, and then the quality of the mortar produced by the asphalt mortar vehicle can’t be 

guaranteed, the laying of the track there will be security risks, so the leveling system is one of 

the most important components of the asphalt mortar vehicle. The traditional leveling method 

mainly through the gradienter to detect the level of the platform state, the method main relies 

on manual completion, time-consuming and poor leveling accuracy [2]. Aiming at the 

problems existing in the above-mentioned asphalt mortar vehicle leveling system, this paper 

analyzes four-point leveling system, and simulates the hydraulic leveling system. It concluded 
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that electro-hydraulic proportional hydraulic leveling system can meet the asphalt mortar 

vehicle’s requirements of high leveling precision and fast response speed. 

2. THE COMPOSITION AND WORKING PRINCIPLE OF LEVELING SYSTEM 

OF ASPHALT MORTAR VEHICLE 

Asphalt mortar vehicle leveling system includes the implementing agencies, control systems, 

detection devices etc [3]. As shown in Fig. 1, the implementing agencies is the hydraulic 

system that four hydraulic cylinders and electro-hydraulic proportional valves as the core. The 

detection device is the dual axis tilt sensor, and the control system using PLC. 
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Fig. 1 The composition of the leveling system 

The working principle of Asphalt mortar vehicle’s hydraulic leveling system is: the use of 

four hydraulic cylinders as the legs, which the highest point of the legs remain fixed, the other 

three hydraulic legs to the highest point of the leg as a reference and at different rates adjust 

upwards at the same time, and finally make the three hydraulic legs at the same time with the 

highest point of the legs in the same contours. Electro-hydraulic proportional hydraulic system 

adjustment process: when the asphalt mortar vehicle tilted, the dual axis tilt sensor installed on 

the platform to detect its tilt angle, and according to the tilt angle to determine the highest point, 

then send a signal to the controller, the controller receives the signal and send the 

corresponding current signal to the electro-hydraulic proportional valves, so that the 

proportional valves according to the displacement ratio of leveling hydraulic cylinder to set 

opening degree, and then electro-hydraulic proportional valves drive the hydraulic cylinders, 

making them have corresponding displacement to reduce the tilt angle of the asphalt mortar 

vehicle until the platform tilt angle in the leveling accuracy range. So by controlling the four 

hydraulic legs can make the asphalt mortar mixer platform in real time in a horizontal state. 

3. ANALYSIS OF RELATIONSHIP BETWEEN TILT ANGLE OF ASPHALT 

MORTAR VEHICLE BODY AND HYDRAULIC CYLINDER’S ELONGATION 

Assuming that the asphalt mortar vehicle’s leveling system is a purely rigid system, the 

relationship between the final state of the asphalt mortar platform and the displacement of the 

hydraulic legs can be determined in the case of the inclination angle and the initial state of the 

asphalt mortar vehicle is known. There simplifies the system into a pure geometric model about 

the initial state and the final state. With the position of the hydraulic leg 1 at the initial level of 
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the asphalt mortar vehicle as the origin of the coordinates. The direction of the width of the 

asphalt mortar platform as the X axis, the direction of length as the Y axis ,and the direction of 

perpendicular to the platform of the asphalt mortar as Z axis to establish Coordinate System. 

The model can be shown in Fig. 2  
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Fig. 2 The leveling model of the asphalt mortar vehicle 

The plane 1234  is the initial horizontal state of the platform of the asphalt mortar vehicle , and 

the plane ' ' '1234 is the final state after the tilt. According to the leveling model, assuming the 

width of the body is a , the length is b , the horizontal inclination angle is  , and the 

longitudinal inclination angle is  ; then in the horizontal state ,the coordinates of the four 

hydraulic legs are:      0,0,0 , 0, ,0 , , ,0 ,a b a  ,0,0b , When the asphalt mortar vehicle 

horizontal and vertical tilt, the four hydraulic legs coordinates are changed to:  

       0,0,0 , 0, cos , sin , cos , cos , sin sin , cos ,0, sina a b a b a b b         

It can be concluded that the vertical distance of the four legs before and after the tilt 

corresponding to the  : 

1 2 3 40 sin sin sin sinH H a H b a H b       ， ， ，
 

Namely: 3 point is the highest position after asphalt mortar vehicle tilted, if the other 1, 2, 4 

points to keep the same height with 3 point, then the corresponding hydraulic cylinder need to 

extend the length of: 

1 sin sinL b a                                                         (1) 

2 sinL b 
                                                             (2) 

4 sinL a 
                                                            (3) 

In this paper, set the 2300mm, 7600mma b   angle adjustment range 5 5   , 

5 5   , leveling accuracy of 0.1 and the leveling time is less than 30s .When  、  is 

the maximum inclination of 5 , keep1,2,4 point and 3point at the same height .Put a b、 、 

 、 into the terms of (1),(2),(3), it can be concluded that if the asphalt mortar vehicle to 

maintain the level of state, Hydraulic cylinders need to extend the length of: 

1 2 4862mm 662mm 200mmL L L  ， ，
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4. DESIGN OF LEVELING HYDRAULIC SYSTEM OF THE ASPHALT MORTAR 

VEHICLE 

According to the requirements of the asphalt mortar vehicle, the principle of the leveling 

hydraulic system can be shown in Fig. 3. The implementations are four leveling hydraulic 

cylinders, the valve control unit including hydraulic lock, electro-hydraulic proportional valve, 

relief valve, etc. Hydraulic oil source including motor, hydraulic pump, in and out of the oil 

filter, accumulator, etc. The installation of the accumulator on the hydraulic circuit can keep 

the system pressure stable, reduce the pressure pulsation and reduce the energy waste.  
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1.leveling hydraulic cylinder1; 2.leveling hydraulic cylinder 2; 3. leveling hydraulic 

cylinder3; 

 4. leveling hydraulic cylinder 4; 5,6,7,8.hydraulic lock; 9,10, 11, 12. electro-hydraulic 

proportional valve;  

13. accumulator; 14. pressure gauge; 15. stop valve; 16. electromagnetic relief valve; 17. 

check valve; 18motor; 19. hydraulic pump; 20. thermometer; 21.level gauge; 22,23. filter 

Fig. 3 The principle of leveling hydraulic system 

When the asphalt mortar vehicle tilts, the leg 3 is in the highest position, the other legs 1, 2, 4 at 

different rates at the same time to the leg 3. Pressure oil through the oil filter, hydraulic pump 

and check valve to reach the legs channel for oiling. The degree of opening of the 

electro-hydraulic proportional valves is controlled by the displacement ratio of four hydraulic 

cylinders, so that the pressure oil reaches the hydraulic cylinder through the hydraulic lock. 

When the asphalt mortar vehicle is again in the horizontal state, the electro-hydraulic 

proportional valves off the power, the asphalt mortar vehicle to the horizontal state because 

hydraulic locks make the hydraulic cylinders in locked state. 

5. THE SIMULATED ANALYSIS OF LEVELING HYDRAULIC SYSTEM OF 

ASPHALT MORTAR VEHICLE 

5.1. The AMESim Model of Leveling Hydraulic System of the Asphalt Mortar Vehicle  

Before the start of the simulation, the leveling system of the asphalt mortar vehicle was 

established based on  AMESim [4、5]. The non-linearity of the hydraulic components and the 
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compressibility of the hydraulic fluid were fully considered during the modeling process. The 

simulation model of the leveling system is shown in Fig.4 

 

Fig. 4 The AMESim model of leveling hydraulic system of the asphalt mortar vehicle 

5.2. The Analysis of Simulation Result 

The parameters of the main components are as follows: System oil supply pressure is 25MPa , 

the bore diameter is 110mm , the rod diameter is 80mm , the stroke is 1000mm , the 

electro-hydraulic proportional valve’s natural frequency is 20HZ and proportional gain 

is 250 .In the simulation process, the simulation time is set to 20s  and the calculation step time 

is set to 0.01s .The displacement curves of the hydraulic cylinders with time are shown in Fig.5.    
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(c)the hydraulic cylinder4 

Fig. 5 The displacement curve of the hydraulic cylinders with time 
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In this paper, set the leveling accuracy as 0.1  , it can be seen that in the leveling accuracy 

range, corresponding to the expansion of the hydraulic cylinder range is as follows: 

1 2 4845 862 649 662 196 200L L L     ， ，  

According to the simulation results, it can be seen that after 13 seconds, the asphalt mortar 

vehicle body reached a balance, leveling the end. The displacement change of the hydraulic 

cylinder 1 is 860mm , the displacement change of the hydraulic cylinder 2 is 661mm , and the 

displacement change of the hydraulic cylinder 4 is 199mm .The simulation results of the 

displacement of the hydraulic legs are within the range of the theoretical calculation, so the 

design of the leveling hydraulic system is feasible. 

6. CONCLUSION 

The leveling system is an important part of the asphalt mortar vehicle, and the asphalt mortar 

body can be quick, smooth and accurate to complete the leveling process in the whole process, 

which is particularly important. Referring to the actual working condition of the asphalt mortar 

vehicle, the working principle of the electro-hydraulic proportional leveling of the asphalt 

mortar vehicle was analyzed . Based on this, the leveling model was established and the 

electro-hydraulic proportional leveling hydraulic system of the asphalt mortar vehicle was 

simulated based on AMESim, and the relevant time - displacement curve was obtained. The 

results show that: in this paper, the electro-hydraulic proportional leveling hydraulic system 

can meet the leveling accuracy requirements, shorten the leveling time, and it has certain 

application and popularization value in the asphalt mortar vehicle and other moving tools that 

need leveling. 
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