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Design and application of automatic ship shifting control system for
bed riprap leveling vessel of immersed tube tunnel
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Abstract: Aiming at the problems of poor positioning accuracy and low efficiency of traditional immersed tube bed riprap
leveling ship, based on the Yuliangzhou section of the east-west axis road project in Xiangyang City, this paper uses GPS
positioning technology and a step—by—step control strategy to design a kind of automatic ship shifting control system for bed
riprap leveling vessel of immersed tube tunnel, which realizes the automatic ship shifting with one key. The test results of the
actual ship show that the control system has superior performance, improves the average positioning accuracy by 38% and saves
the average shifting time by 88% compared with the traditional manual ship shifting, which provides technical support for the
project.
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Fig. 1 Distribution of deck equipment of leveling ship

OV T 50— B TG, T Ll R AR
B B0 4 SWELEMEEmES 2 m, &
S NIRRTl T SE PR A 2245
%, HILAINT A ERAL, LGN TEIERCRAL.
KiEZE, — BN TSI B AR E 7«15 em,
TSI ]S4 24 20 min, XELLH BRI T A 5
Ko HIL, ASCERME T —Fh A sh B M R4,
RS FIRBN M TEOR A . BaKEEE A£15 em,
FEERT RN T 10 min,

2 BEHBMREHRSEMAR KNG
2.1 A EABAIEE R G LR,
2.1.1 =R RGAEFA AL

FEIRA A BT [ h B i s il R0 — B 5
T GPS M TR NIER RS, RERS . #
il RGEFIAT RGELL AL

D MRS

Wi RGAHE 4 D . 4 AR aY LIRS
24> GPS. TEMLAEE T 4 BWELZEE L 57
LR | A Ih g AR A A RS, FE M R AR 43
PR 1A GPS. Hufids FH TR R 48 4= 8 4
WO RS, dufB b R 24V, SRRl %
#5000 v/min, FiHZEHR NPN; Bl 14 88 H
TR E LGB A AR ST, AL A e
JE 5~12 V, HUEZM 10 t, HiilE5 N 4~20 mA,

W EAERE 0.5% . GPS TR I A AR 0 47 & 45 4
155 Trimble R9s,

2) #EHIRS

BEHARGALE | GiFEL. TEEGSM L
G AT AN E, RS
Wil BB RS ; T )2FE 4 T H gm it 25 Fl
T AL RS R R 5, TP B 1535
o LEEEHIES, RIET 2 s o gl -2
il 28 LR s ghig 4, HEEERIWEL S
iagl; LJRPEHEEHTHM GPS $dls . FIZEEH
) AR v BT 9 S K e R A G R A =R
REMLTER8 4, [FEA AT DL R 2 0 2§
RILB B HEHE S . AR A PPC-190C
Tk ARG ; T Z2F s Pur ]+ S7-200; 1
=g AP T S7-1200,

3) WITRS

PATRGAUIE 4 BWER S, BEL G
¥oh . BRI 100 kKN, R ELE 632 mm, i
KUK 400 mo 4 B IREL G THA B L,
AR e R I VA £ i TS U W
212 EHRGER T

E OB R AWy = e S ST A L % PO O == i
w5 Rk RaEiR . LRSI
H(E 2), TEEdES LE2EGaSRHR 0



.64 - Hh [

2021 4F55 1 41

RS485 il ; L EFE s SRR H LK M
e EIETEERSRESMNRELENZTS
B, IR TSRS D2 EEIE, BE L2
Pl # AR PE A WL S0 15 5 A5 ) S 50 ) GPS
B P SNV o (= S G B =X C-G TR S =y A EDIVA
OE i = S - S S e A R OB R D W&
HCGH AL R TN RS & T2 g
B MNRELFizgh, DSCBATING B sh ik 0.
AR, BRI S AL S e
PR R B s T S BUE R LTRSS R

GPS1 F1 GPS

el

B L2 B3 B 4
ETinE ETICEE ETICEE Sk

21 b 285 2 il 2% 3 2% 4l
iR iR HifE IR iR

B2 #EHRGER

Fig.2 The communication of control system
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Fig. 3 Flow chart of automatic ship shifting control system
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Fig. 4 Schematic diagram of cable anchorage
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Table 1 Test data of the ship shifting

FFe RvEET GPS1 i 2/m | GPS2 fii2Z/m | Mi/s
1 D26-D27 i 0.08 0.15 150
2 D27-D28 # 4 0.01 0.07 130
3 D28-D27 # 4 0.02 0.06 145
4 D27-D26 # 4 0.08 0.13 152
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7 D27-D26 H i 0.15 0.08 134
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T 1SRRI 285 5T ARSI LR 4548

1) A GPS1 Al GPS2 W fwZEHRAE 15 em P,
FIIZ H sh B M4 i R G0 00 26 X RS VRS FE AE 15
em o TIZR G LI IIBMAEEN 9.3 em,
FLAR G N TR 15 em 3255 T 24 38%.

2) % A SRS A 2R S8 A 4 6 RS M e 7
155 s ], TPF34RE MRS 143 s, WA SRR
(1200 )54 T 2 88%:

3) MRS B FIAS LI E) [, 3% [ S
il R RI S AR SR T o7 kRt . RS
W2 TR TR, KRR & TR M
AL &
6 4B

AR SCAN A BT T — U R T R A
OV A S T R S, I A B Sh R AR
il 22 495 52 BN A BEAE 5 B AR B B Sh ik ek
MY, W FEAR T hE TN B B B0 N 5 shim i
KRS THE TRCR . IR FREL LM H 8
BAES R G0 e & AT 5k, KAE D

I SCHEEMHE I H , IR S TR Bk i 5 PR R it T

IR .

B3k

(1] SRELTE ICHEIARFE AL A B A AL HAR ). o s v
#2i%,2017,37(7):69-71.

ZHANG Hong —sheng. Dynamic positioning control technology of
shifting winch for grab dredger{J]. China Harbour Engineering, 2017,
37(7): 69-71.

[2] akBEHE, SRR, AR LZ W YRR A1 A T[], P E K s
2012,12(8):233-234.

ZHANG Gui-jin, ZHANG Le. The introduction of rock riprap with
steel wire cage[J]. China Water Transport, 2012, 12(8): 233-234.

[3] AR NS TRRRABRA . —Fila iy A sifs i hl 240
Az s sh |, 201910372253.4(P). 2019-09-20.

CCCC Second Harbor Engineering Co., Ltd. An automatic displace—
ment control system and control method for riprap ship: China,
201910372253.4[P]. 2019-09-20.

(4] HBOR, sk, IR, 4. BRI FZE S s S 0T E ).

BB TR S22 4 - 52l Bk 5 TR R, 2017, 37(3) : 482~
485,490.
XIAO Han-bin, ZHANG Yong-tao, LU Shi—qing, et al. Research
and simulation on flat dredging kinematics of the dredging
clamshell[]J]. Journal of Wuhan University of Technology: Trans—
portation Science & Engineering, 2017, 37(3): 482485, 490.

[5] AT, BRI, FEPHDULYOE BEE T 1 ekl e ge Wh e[ ]]. T72

R S#T,2019(12):121-122.
REN Yao-pu, ZHAO Zhi—wu. Research on the comparison of the
dry dock site selection for the immersed tunnel in Xiangyang Han
River[J]. Construction & Design for Engineering, 2019(12): 121-
122.

[6] ATHEE. FEHDULIE
107-109.
REN Yao-pu. Foundation design of Hanjiang immersed tunnel in
Xiangyang[J]. China Water Transport, 2019(6): 107-109.

(7] #FAL, i, TR, BRI IR DU e B Z R B (P 5

A R A T R T[], M T4 A, 2014,43(11):17-19,35.

YANG Xiu-li, SHAO Man-hua, XU Jie. The overall scheme selec—
tion of rubble leveling for gravel cushion laying ship on Hongkong—
Zhuhai-Macao Bridge[J]. Construction Technology, 2014, 43(11):
17-19, 35.

[8] Takie, RS BETHABOR A SEMER RGBT 598
[J]. VL7554, 2020,37(1):35-37.

DING Zhi-bing, CHEN Peng. Design and implementation of auto—

Fi 18 LAk ()], HPEKEZE L 2019(6)

matic positioning control system based on riprap barge[J]. Jiangsu
Ship, 2020, 37(1): 35-37.

[91 RITAR, Bopst. i L m i &
WIS, 2015,35(5) :49-51,61.
SONG Jiang-wei, MA Zong—hao. Technology application of mea—

TE L RGEH AR L] A

surement positioning system for sea sand compaction pile[J]. China

Harbour Engineering, 2015, 35(5): 49-51, 61



