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Design and simulation analysis of real-time automatic
detection system for RAP gradation

MA Dengcheng' ,XU Tianhao' , GUI Xue®, WANG Endong’

(1. National Engineering Research Center of Highway Maintenance Equipment ( Chang’ an University) , Xi’ an 710064, China;
2. Shaanxi Zhonglin Asphalt Pavement Maintenance Technology Co., Ltd., Xi’ an 710124, China;
3. Shandong High-speed Engineering Consulting Group Co., Ltd., Jinan 250014, China)

Abstract: To quickly and accurately detect the gradation of reclaimed asphalt pavement (RAP) and improve the
detection efficiency of RAP gradation while reducing the influence of manual operation on detection results, this
study proposes a method for integrated detection of RAP moisture content, RAP oil-stone ratio, and gradation by
combining currently commonly used equipment and methods for testing RAP performance. At the same time, in
view of current issues in RAP detection, a new type of automatic detection equipment for RAP gradation is
designed, enabling real-time and automated detection of RAP gradation. Firstly, according to the functional
requirements of RAP gradation detaction, the overall structure of the detection equipment is designed. Secondly, a
simulation model of the key structure of the testing equipment, the vibrating screening unit, is established, and the
whole screening process is simulated by EDEM discrete element simulation software. A controlled variable method
is used to compare and analyze the aggregate particles in the vibrating screen under different parameters such as
inclination angle, vibration frequency, vibration direction angle. Finally, the vibrating screen is optimized for the
optimal screening efficiency that meets the requirements of the standard. The results show that when the inclination
angle of the vibrating screen is 3°, the amplitude is 4mm, the frequency is 16 Hz, and the vibration direction angle
is 63°, the screening efficiency of each layer of the vibrating screen mesh reaches over 91% , meeting the practical
needs. This demonstrate that the automatic real-time RAP gradation detection system is capable of measuring RAP
moisture content, asphalt content, and gradation, providing a possibility for the development of intelligent
regenerative mixing stations and can also replace manual as a new means of daily asphalt mixture gradation
monitoring.

Keywords: gradation of reclaimed asphalt pavement( RAP) ; moisture content; oil-stone ratio of RAP; real-time
detection equipment; screening efficiency
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Inspection process

RAPZC H shAsl R 45 AE L1
S AR AR Tk E
EEZHe -
= 4
[BEESESS e s al

|
il%iﬂiﬂlﬂ. it @
12RO @ WEIE @
2K @ WIS @ |

B2 REFE
Fig.2  System interface
S G TR L, AR SR Y [ 3l S A
M7k BA W A, Wk 1,

x1 SEEENTENXILL

Tab.1 Comparison with traditional detection methods
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Fig. 6  Structure of vibrating screen
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Fig.8 Simulation process of vibrating screen
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Fig. 11 Effect of vibration direction angle on screening efficiency
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i AR, PRIE, IRSVER, IRSDTEMA, TERCR/

B () mm Hz () %
1 3 4 16 63 99.10
2 3 4 16 63 97.98
3 3 4 16 63 94.98
4 3 4 16 63 91.75
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