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Fig.2 Navigation control system
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Note: O is the turning center of the whole machine; O’ is the turning center after
sliding; B is the track gauge, m; 7 is the absolute speed of the outer crawler, m-s'l;
V> is the absolute speed of the inner crawler, m-s'l; V\" is the absolute speed of
the outer crawler after sliding, m's™; 75’ is the absolute speed of the inner crawler
after sliding, m-s'l; AV is the speed of the outer crawler, m-s'l; AV, is the speed
of the inner crawler, m-s'l; R is the turning radius, m; R’ is the actual turning
radius, o is the angular velocity, rad-s™.
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Fig.3 Turning kinetic model of track system
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Fig.4 Relative positions between the pipe laying machine and
reference line
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Note: M is the first determined point of the reference line; N is the second
determined point of the reference line; K is the current position of the pipelayer.
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Fig.5 Calculation of lateral error d
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Note: a is the direction angle of the pipelaying reference line, (°); £ is the
heading angle of the pipelayer, (°).
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Fig.6 Calculation of directional error
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Note: v; is the speed of the left travel motor, rmin™; v is the speed of the right
travel motor, r~min‘1; v is the actual average velocity of vehicle, m~s'1; P is the
engine power, kW; p; is the left travel pump pressure, Pa; pyp is the right travel
pump pressure, Pa. The same below.
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Fig.7 Flow chart of navigation control
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Fig.9 Scene of field test
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Table 1 Lateral error of modal control
cm
A R Depth/m
Modal

parameters 0~1.2 >12~15  >1.5-1.65 >1.65

1 +3.2 +11.2 U.C. U.C.

2 +6.2 +3.7 +30.5 U.C.

3 U.C. +19.5 +3.8 U.C.

4 U.C. U.C. U.C. +3.6

TE: R UCHERAIE.
Note: The U.C. indicates uncontrollable in the table.
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Fig.10 Online control trajectory diagram
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Note: The abscissa is the number of continuous sampling points for a fixed time,
and the sampling frequency is 5 Hz. The same as below.
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Fig.11 Direction error during on-line control
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Fig.12 Lateral error during on-line control
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Fig.14 Lateral error during working along reference line
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Design and test of the BDS navigation system for trenchless pipe laying
machines

Wang Jizhong, Zhao Bo*, Zhao Shimeng, Xing Gaoyong, Wei Liguo, Hu Xiaoan
(Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract: In order to solve the problem of pipeline bending caused by slippage of trenchless pipe laying machine, a navigation
control system of trenchless pipe laying machine was designed based on Real Time Kinematic-BeiDou Navigation Satellite
System (RTK-BDS). According to the idea of multi-mode control algorithm, the multi-mode adaptive PID control algorithm of
trenchless pipe laying machine was proposed. The analyses of the kinematic model and slip yaw model of tracked vehicles
showed that the turning radius of vehicles will increase when slipping occurs; Through the analysis of the deviation model of
vehicles, the calculation models of the heading deviation and lateral deviation of vehicles were given; Based on the analysis of
the structure and related structural equations of the hydraulic motor of vehicles, the control transmission function of the
hydraulic motor of trenchless pipe laying machine was obtained. The navigation control system of trenchless pipe laying
machine mainly consists of BP (Back Propagation) neural network classifier, modal selector, knowledge base, adaptive
comparator and walking controller. BP neural network classifier uses sensors to detect the running speeds of the left and right
tracks, the actual average vehicle speed, the engine power and the oil pump pressure of the hydraulic motors on both sides of
the trenchless pipe laying machine, so as to obtain the running state of the relevant modes of the vehicle, and input the sampled
data to the computer. According to the model trained by BP neural network, the current state classification of vehicles is
predicted. The modal selector can obtain the relevant parameters of the current vehicle state from the knowledge base through
the classification results of BP neural network, and send them to the adaptive comparator and walking controller. The
knowledge base contains the adaptive functions of the vehicle control system and the control parameters of positions. The
adaptive comparator can calculate the weights of the two errors according to the current heading error and lateral error of the
vehicle and the reference line, and compare the two weights. If the heading error weight is larger than the lateral error weight,
the heading PID controller is selected to control the vehicle navigation, otherwise the lateral PID
(Proportion-Integral-Differential) controller is selected to control the vehicle navigation. The vehicle modal control parameters
and BP neural network training samples were obtained through the field test. The test results showed that the lateral overshoot
was within 4.58 cm, the heading error reduced to £3.7° and the lateral error was stable within £2.6 cm. The linear control
experiment results showed that the heading error of the control algorithm was within +5.5°, which was within £3° under 96.2%
cases, and the lateral error was within +2.6 cm, which was within +1 cm under 89.6% cases. The engineering application test
showed that the heading error could be kept within +7° and the average heading error was within +3.5° and the transverse error
could be kept within £4 cm. The control system can meet the construction requirements of trenchless pipe laying machine.
Keywords: navigation; control system; BP neural network; multimode control; adaptive PID control; trenchless pipe laying
machine



